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I. Introduction

The summarization and presentation of industrial hygiene data has
been a point of interest for the Occupational Health Studies Group for a
number of years. Computer mapping was explored for these purposes by
Gerher, et al. [1977]. Initial results were very favorably received,
but the maps produced, of course, interpolated between points where
measurements were taken and extrapolated to the boundaries of the sampled
area, corresponding to the segment of the manufacturing process of
interest. The stability associated with the exposure surface created by
" these programs is uncertain. Direct variance calculations for a specific
point on fhe floor plan would be cumbersome since the algorithms utilize
several local observations and consider their distance from the point on
the floor plan. Alternatively, the use of a jackknife procedure was
proposed. This report contains the results of research on the use of
the jackknife procedure to provide standard error estimates for exposure

surfaces created from industrial hygiene sampling data.

IT. Description of Industrial Hygiene Data

The materials for this study were industrial hygiene measurements
in three different situations, each representing a different type of
‘exposure. The floor plan and‘sample locations for each situation are

given in Appendix A, along with a listing of the measurements utiiized

vin this report. The natural logarithm scale was used in the mapping so

that the linear interpolation in the mapping programs would be more"

appropriate.




(1) Situation #1 is the Heavy Duty Tire Building Area of an
automobile tire and tube manufacturing plant. Hexane and
toluene measurements are utilized to illustrate the procedure
for solvents.

Situation #2 is a rectangular airplane hangar in which noise
measurements were recorded at various locations with an airplane
engine running. Since the noise measurements are on a logarithm
scale, here the dBA scale, the measurements as recorded were
used in the mapping program.

Situation #3 is Banbury and CompoundvRoom in the same automobile
tire and tube manufacturing plant as in Situation #1. The

logarithm of total dust was used in the mapping program.

I11. Computer Mapping Programs

Two programs, SYMAP and Surface II, can provide a contour map
display of industrial hygiene data. The SYMAP program was chosen for
this project because of its simple approach and easy access. The choice
of whéther to map the logarithm of observations, or the original measurements,

is a more important decision than which program to utilize. A transformation

of the data so that the Tinear interpolation and extrapolation procedures

of these programs provides a reasonable approximation to the exposure
surface is the more important concern.

The surface height is represented by the degree of shading printed
on the two dimensional representation of the coordinates of the floor
plan and sample locitions. See Appendix A for four examples. In these
examples the maps are created assuming tgat a smooth continuum underlies

the data values. For more details the SYMAP manual should be consulted.




The SYMAP printer plots for the situations and data presented in
Appendix A are reproduced in Appendix B. Notice that Situation #1 has

data for two solvents, hence the four maps for three distinct industrial

hygiené sampling situations.

There are several features of these maps that are noteworthy:

(1) The sampling points are denoted by a '*' or a digit corresponding
to the category of shading of the exposure height.

(Z) Rather elaborate labeling can also be worked into the output
as is illustrated with the hexane and toluene data.

(3) The total range in these maps was divided into four or five

levels, based upon the median and range of the observed values.

The actual program deck used to generate the hexane map is 1isted

as Appendix C.

Iv. Jackknife Variance Estimation

The essence of the jackknife procedure is obtaining several parameter
estimates by successively deleting single observations. The exposure
Tevel at each coordinate of the contour map is the parameter of interest.
A jack_knife estimate of the variability of the entire surface, and hence
each coordinate of the sampled area, is obtained by successively deleting
each industrial hygiene measurement. For example, in the Heavy Duty
Tire Building Area 16 hexane measurements were taken. Corresponding to
the omission of each of the 16 observations in turn, 16 jackknifed maps
are produced, each based upon the remaining 15 observations.

To present the procedure algebraically, note that the printer
plotter map, for exampla those in Appendix B, are composed of a shading

symbol plotted at each coordinate nf the sampled area floor plan. This




js the result of a categorization of the smooth exposure level estimates
created by the computer program. For any coordinate location on a floor
plan, let 6 be the estimated exposure level based upon the full set of
industrial hygiene measurements. Let 6_1 be the estimated exposure
‘level based upon the estimated surface obtained by omitting the 'Ith

observation. The jackknife procedure calculates the pseudo-values

P = né —(n-:)éi ’ (M

fori=1,2, ...,n, with n being the number of samples available.
The jackknifed estimator of the mean surface height at this floor plan

coordinate then is
A
~ - nd _ s
6=n2h =né RS (2)

More importantly, the jackknife procedure provides a distribution-free

estimate of variance for the parameter estimator, specifically

n
A~ { g Al
‘U (8) = nin-1) Z'(PL - 9) . (3)

L=

Equivalently, the sample variance of the pseudo-values P; divided by n
as given-in (3) can be computed as follows:

A on - (n;’)t__/_
V(G) - T_ n-y

Z?'(QA‘- - é.)L], (4)

et

x A .
where B_, s the mean of the 8_;. It is form (4) that is utilized in

the computer programs developed for the purposes of this research.




Variance (3), or equivalently (4), can also be used to estimate the
variance of 6, the surface height estimated at each coordinate using the
full set of n 1industrial hygiene samples.

In general, the jackknife estimator 6 in (2) and 8 are not equal
and the jackknife variance 6(6) in (3) or (4) is biased, specifically
providing a variance for 6 that is too large. However, the use of
variance (3) or (4) for 6 then will be conservative. The statistically
interested reader should examine the review paper by Miller [1974]. The
focus here is on the use of the jackknife variance as a guide to the
precision of computer maps for industrial hygiene data. Large sample
properties of the jackknife procedure are favorable. However, its use
in small sample situations, such as described by the data in Appendix A,
should be taken only as a guide to the reliability of exposure level
estimates from computer mapping programs.

For the computer mapping application then, the surface height

estimates for n maps are required. For each map the estimate at each

coordinate must be accessed to permit calculation of the 6_1 and variance

estimate 3(6) in (4). This requires saving the map resulting from each
deleted industrial hygiene sample so that these calculations can then be
performed. Special programs were reguired and listings of these are
contained in Appendix D.

The need for the jackknife variance estimate requires a more in-
depth description of the SYMAP computer mapping program. The program
calculates an interpolated or extrapolated value at each coordinate
within the study area based upon the industrial hygiene sampling data.
The interpolation is performed in two sféps: first, a primary interpolation -

is made from the generally irregularly-spaced original sample values to




a rectangular matrix of the interpolated values. A second linear
interpolation is made between the locations from the primary interpolation.
As can be seen, due to the complexity of the two step process of interpolation,
the dependence of the final interpolated values upon the original
observations is obscure, making direct computation of the standard error
of the interpolation intractable. Hence, the rationale for the jackknife
approach to this problem becomes essentially one of a necessity.

The sequence of computer programs in Appendix D generates, stores,
retrieves, computes the jackknife stand&rd deviations on the interpolated
values and produces a map of the jackknife standard deviations. The
programs are listed and described below:

(i) Program #1 produces the SYMAP contour map for the toluene data
in Appendix A and stores the interpolated values for each
coordinate of the study area in a SAS data set.

(ii) Program #2 is a sequence of SYMAP runs in each of which four
maps are produced as each of four observations is successively
deleted. Additional JCL is required for each batch of four

. maps that can be produced with one JCL specification of SYMAP.
Program #2a produces four maps by successively deleting the
first four observations, Proaram #2b the next four, and so on
until the n required maps are produced. These jackknife
maps contain the interpolated values for each coordinate of
the study area and are stored in a SAS data set.

Program #3 computes the mean and standard deviation of the

jackknife maps stored by the Program #2 series.




(iv) Program #4 produces a contour map of the jackknife standard
error of the SYMAP interpolation. The shadings correspond to
the 0-50, 50-90, 90-99 and over 99 percentile categories of

the standard errors.

V. Results
A. General
The jackknife standard deviation maps for the four data sets in

Appendix A are reproduced in Appendix E. Pair-wise comparison of the

‘contour map for the exposure level of the industrial hygiene measurement

maps: B1, B2, B3 and B4 of Appendix B and the corresponding jackknife
standard deviation maps: E1, E2, E3 and E4, reveals three dist;lnct
features.

(1) The least reliable region of the exposure surface is not
necessarily where the exposures are greatest. The extrapolation
from areas of high levels to areas of low levels can result in
the largest standard deviations for the estimated surface.

See for example the top (or left) portion of maps Bl and El,
corresponding to hexane measurements in the heavy duty tire
building area. Notice that there is no replicate, or neighboring
sample, in that area of lowest category of exposure level.

This phenomenon occurs again in the center of the map for
toluene; see map B2 and the corresponding standard deviations

in map E2.

Areas of instability in the estimated exposure levels can

result at locations of highest levels also, especially when

these ozcur near the boundary of the sampled area. Note




especially the bottom right of the pair of Maps Bl and El and
Maps B2 and E2. Again a pair of observations at this location
would have been helpful.

An area of instability can also appear on the "shoulder"

of a peak. See especially Maps B3 and E3 on the diagonal to
the lower right from the center. This is probably due to the
inadequacy of the linear extrapolation from the "top of the

hill" to its base.

B. Approximate Confidence Limits

Large sample normality can only be approximately satisfied in these

applications but affords a guide to constructing approximate confidence

limits. For a specific point on the floor plan of one of the Appendix B
maps, the exposure level estimate plus and minus two standard deviations
from the corresponding E map location provides approximate 95% confidence
1imits on the underlying surface. Linear extrapolation from the centers
of two adjacent contour heights can be utilized to approximate the
sui-face height on the B map, and 1ikewise the standard error on the E map,
for the location of interest.

Although the interpolation details of the confidence interval
construction are left to the reader, it is noteworthy that these 1imits
can be very large. For example from the noise map E3, the standard
error fbr portions of that map can be in excess of 5.0 dBA units.
Confidence 1imits constructed for such areas would be essentially the
surface height estimate from Map B3 plus and minus 10.0 dBA units.

These are extremely large limits reflecting a very unstable estimate of

noise level at some locations. Strategies to reduce such variability




naturally seem important. The following summary begins to address this

important point in the section on Industrial Hygiene Survey Design

Implications.

VI, SUmmary and Applications
A, Summary
Stability of SYMAP contour maps was quantified by the use of a
jackknife estimatz of the standard deviation. Programs and examples
were provided illustrating the results obtainable in a variety of |

industrial hygiene sampling situations.

B. Industrial Hygiene Survey Design Implications

One observation seems to be apparent from the results of this
research. A tool is available to assist in the design of industrial
hygiene sampling. Objective means to represent the variance of an
estimated exposure surface is available from the maps of Appendix E.
Simulation, for example, could be utiliied to allocate a fixed number of
industrial hygiene samples that would "minimize" the Jjackknife standard
i deviation surface map. Various criteria cniild be proposed to detail
" what "minimize" is to mean. ’

Setting such criteria specificatior: aside, as they would require
substantial discussion, consider tie following 111ustratioh. In Figure F1
-of Appendix F, the relocation of two samples for total dust in the
banbury and compounding area is indicated by arrows. After relocation
‘of the sampling site, they are also assigned values representative of
the logarithm of total dust at their newfsite. Figure F2 is a reduced

version of Map B4, representing the "before" contour map. Figure F3 is
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the ;ame reduction of a SYMAP with the two relocated and adjusted values.
This is the "after" SYMAP contour map. These two maps are very comparable
as estimates of the logarithm of total dust in this banbury and compounding
area.

Figure F4 is the same scale reduction of the Jjackknife standard
deviation map for the "before" situation, specifically a reduction of
Map E4. Map E5 is the same scale reduction of the jackknife standard
deviation surface for the "after” relocation and adjustment of the two
samples. It should be clear that substantial gains have been made in
stabilizing the surface estimate with the relocated sample sites with
presumed Tevels representative of their new vicinity. The same number
of samples were available for the "hefore" and "after" scenarios.

Table F1 contains a quantitative comparison of the quantities of
the coefﬁcient of variation for the original scale map. This is
equivalent to the jackknife standard deviations of the logarithm of
* milligrams per cubic meter of dust as noted in the footnote of Table F1.
Clearly a substantial reduction in the surface variability has been
' achievéd by the relocatioﬁ and adjustment of these vtv'vo observations.

of coursé, this illustration is somewhat contrived. However, it
was motivated by the findings described in Section V, especially (1) and

(2). Two areas of Map B4 with large standard deviations were noteably

jmproved by providihg a neighboring replicate in these areas.

The programs developed by this research provide the opportunity for
improved industrial hygiene sampling design, especially if computer k
contour maps become a fashionable summarization of industrial hygiene

surveys.




C. Personal .and Area Sample Comparison and Usage

Jones and Harris [1981] utilized computer mapping tn determine
exposure Tevels at all stations in a work area. Fixed location charcoal
tube sampling results and time weighted averages based upon percentage
of time spent at various locations were thereby computed. These were
contrasted with personal charcoal tube sampling results taken simultaneously
with the area samples.

The procedure was quite successful and the interested reader is
referred to their presentation for more detail. Although the jackknife
variance programs presented here were not available at the time of their
‘research, they now could be utilized to compute standard deviations for
the time weighted averages created from the fixed point charcoal tube

samples and percentage of time spent at each work station.

D. Other Applications
The maps presented here are for daily averages, that is fixed time
.snapshots. In situations where waves of exposures may relate to process

‘cycles over shorter periods, for example hourly, a series of two or three

maps and companion jackknife variance maps could present a moving picture.

A sequence of daily weather maps, showing high and low pressure locations,
presents considerable information on change. Applied to industrial
hygiene sampling situations, the change, as well as the level of exposure,
could be presented. Protection of workers to the greatest exposures by
management of time-space location of employees could thereby be enhanced.

As a last note, heat exposure could also be very naturally presented
by contour maps and the stability of these exposures documented by the

Jjackknife procedures described in this research raport.
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Appendix A: Industrial Hygiene Data

Table Al. Coordinates of Boundaries of Section #1: Heavy Duty Tire
Building Area

Table A2, Hexane and Toluene Measurements and the Sample Locations
in Section #1

Table A3. Coordinates of Boundaries of Section #2: Airplane Hangar

Table A4. Noise Measurements and the Sample Locations in Section #2

Table AS. Coordinates of Boundaries of Section #3: Banbury and
Compounding Area

Table A6. Total Dust Measurements and the Sample Locations in Section #3

Figure Al. Schematic of Heavy Duty Tire Building
' Figure A2. Schematic of Airplane Hangar

»Figdre A3. Schematic of Banbury and Compounding




Table A1. Coordinates of Boundaries of Section #1:
Heavy Duty Tire Building Area

Corner Coordinates

# - Down Across

0.49 2.0

0.49 8.86
26.01 8.86
26.01 2.73
4.3 2.73
14.08 2.8




Table A2. HeXaﬁe and Toluene Measurements and -
‘ ‘the Sample Locations in Section #1.

0bser;ation'

Hexane Measurements

Value in PPM.

‘Value in_Log Scale

Value

Toluene Measurements

in PPM

Value in Log Scale

Coordinates

Down

Across

—t

2
3
4
5
6
7
8
9

S
G AW N = O

16

2.70
11.36
18.97
14.04
74.12
85.75
11.75
19.75
14.53
40.46
34.59
31.69

189.48 .

6.81

7.13

6.42

0.99
2.43
2.94
2.64
4.31
4.45
2.46
2.98
2.68
3.70
3.54
3.46
5.24
1.92°
1.96
1.86

-— b

QO O O v

NOPO&)&)OOOQ

.15
.53
.93
.98
.18
.94
.68

91

.86
.14
.67
.80
.76
.34
.55
.55

-1.897
-0.635
-0.073
-0.020
1.157
1.3
-0.386
-0.094
-0.151
0.761
0.513
0.588
2.278
-1.079
-0.598
-0.598

3.46
3.46
6.92
9.76
10.48
12.55
15.17
16.04
20.26
23.82
5.70
9.46
12.93
19.83
21.82
17.69

7.92
4.19
5.51
4.08
6.28
8.16
6.44
3.41
5.16
3.17
8.76
7.76
5.81
7.72
7.36
8.22

Source: Crume (i982)




Table A3. Coordinates of Boundaries of Section #2:
Airplane Hangar

Coordinates

Down Across

—r

0.0 0.0
0.0 5.30
0.70 5.30
0.70 5.85
.00 5.85
.00 6.30
.00 6.30
.00 5.85
.30 5.85
.30 5.30
.00 0.0

2
-
4
5
6
7
8
9
0

1

—t
N




Tab_l_é A4 ' _Nqise Mea’Suréﬁnentsﬁnd”Sémple Locations in Section #2-

" Observation " Noise Measurement ‘ Coordinate.
, dBA Scale Down Across

90.0 0.20 0.20
91.0 .20 3.20
'88.0 .00 5.80
92.0 .50 1.60
98.0 .50 3.20
92.0 .50 4.80
91.0 .00 0.20
98.0 .00 1.60
102.0 .00 3.20
93.0 .00 4.80
90.0 3.00 6.30
91.0 1.60
93.0 3.20
94.0 4,80
89.0 5.80
90.0 0.20
93.0 3.20

1
2
3
4
5
6
7
8
9

W WW = et O

—r et et e e el e
N OO s WwN=O
w

Source: Harper (1981)




Table AS. Coordinates of Boundaries of Section #3:
Banbury and Compounding Area

Corner Coordinates

# Down Across

0.17 .16
0.19 .29
5.42 .31
5.43 .32
6.60 .25
7.97 .27
7.98 .73
8.93 .72
8.90 .94
8.60 .63
6.61 .62
6.60  15.25
5.43 .32
11.02 .32
11.02

7.26

7.26

3.23

3.23

W 0N D W N —

- ot ol ol ot d ol wd et wd
W 00 ~N OO A W N = O




Table A6, Total Dust Measurements and the
Sample Locations in Section #3

Observation Noise Measurement Coordinates
# Value Value in Log Down Across

0.60 -0.51 1.07
0.34 -1.08 2.17
0.47 -0.75 2.48
0.43 -0.84 2.64
0.30 -1.20 3.79
0.57 -0.56 4.58
0.73 -0.31 5.43
0.35 -1.05 6.55
0.29 -1.24 2.16
0.77 -1.00 6.59
0.27 -1.31 6.97
0.66 -0.42 7.61
0.71 -0.34 9.01
0.80 0.05 5.60
0.97 -0.03 9.02
0.46 -0.78 10.89
1.40 -1.27 4.56
1.70 0.53 8.92
1.29 0.25 . 8.94
1.57 0.4 9.40
0.37 -0.99 9.94
0.40 -0.92 8.96
1.52 0.42 7.69
0.57 -0.56 10.25
0.29 -1.24 7.08

W O N O Oy & W N -
E-)
-
nN

O W O N OV bW N~ O

6.
4,
2.
5.
5.
5.
6.
1.
4,
1.
4,
5.
9.
4,
5.
1.
2.
1.
3.
8.

N NN NN
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Figure A2, Schematic of Airplane Hangar
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‘Figure'A3. Schemﬁtic of;Banbury andICOmpOunding
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Appendix B: SYMAP Contour Maps for Four
Industrial Hygiene Sampling Measurements

Hexane Contours for Heavy Duty Tire Building Area
Toluene Contours for Heavy Duty Tire Building Area

Noise Contours for Airplane Hangar

Total Dus_t Contours for Banbury and Compounding Area
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MAP B2. Toluene Contours for Heavy Duty Tire Building Area
(Units are logarithm of parts per million)
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MAP B4. Total Dust Contours for Banbury and Compounding Area
(Units are logarithm of milligrams per cubic meter)

.——'..“1“.-- : ; i—-'-6--0'-'-“07-"-{'---8--“{‘-°-9-—‘{°-°"|--"{'--'l--“{‘-‘-:““{"-“

A% ke 8%

LOG SCALE

BANBURY AND COMPOUND: TOTAL DUST
SHIFT 1: JUNE 2§, 1980

scale: 1 inch is about 37.5 feet

00

Jreemfonne




Appendix C: Listing of SYMAP

Program Deck to Produce Hexane Map




© FRNTIT N USA

//% $%3%¢%CONTOUR MAP CF THE HEXANE DATA (SHIFT1: JUNE 26, 1980 )#%###s+
/7% FOR DETAIL USAGE GF SYMAP, CNE SHOULD REFER TC :

/1% SYMAP LSEF'S REFERENCE MANU AL

7/% BY

1/% . JeA. CCUGENIK & D.A. SHEEHAN.

//% THE USER-FRCVICED CATA CONSIST OF THE FCLLCWING PACKAGES:

//% A-OUTLINE: THIS PACKAGES SPECIFIES THE BCUNDARIES OF THE STUDY AREA
17%

//% B-DATA POINTS: THIS PACKAGE SPECIFIES THE LCCATICN CF THE DATA

//% PCINTS

1/% .

/7% C-OTOLENGENDS: THIS PACKAGE IS OPTIONAL AND CAN BE USED TO SPECIFY

//% THE SYMBCLISM AND LCCATIONS OF ANY SUPPLEMFNTARY INFORMATICN TO BE

//% PLACEC CN THE MaP

//»

//%* E-VALLES: THIS PACKAGE IS USEC TO DEFINE THE CATA VALUES TG BE

//* MAPPED IN TFE S#ME CRDER AS THEIR CORRESPCNDING BATA POINTS IN THE
//% R-~CATA PLCINT FACKAGE

/7%

//*% F-MAP: THIS FACKAGE SPECIFIES TO THE PRCGRAM THAT A MAP IS TO RE

//% PRODUCEL LSIMC INFCRMATICN CCNTAINED IN THE PREVIOUS PACKAGES. 1IT

//% IS USED TO SPFCIFY THE TITLE AND TO DEFINE PRACTICALLY ALL ASPECTS

. //* CF THEE APFERFANCE CF THE CUTPUT MAP

//%

//% EACH PACKAGE IS INITIATED BY THE PACKAGE NAME ANC ENCED WITHE A
//% *S9959 | INE

/75TFPY EXEC SAS

//% *SCLVENTS * INC 'LEGENDS' ARE 2 SAS DATASETS IN THE SAS NDATABASE

7/% *UNC.GG.E5S91IV.CBSTENS.HEALTH.CCCUP,DATA®; *SCLVENTS' CONTAINS

//% CATA OF ALL CHEVICALS FOR ALL DATES AND SHIFTS: 'LEGENDS® CCNTAINS
//* THF OTCLENCENDS FCR PRINTING THE CHEMICALS, DATES AND SHIFTS. THIS
//% STEF 1S TC SELECT THE APPROPRIATE SUBSET OF CATA -ANC OTCLENGENDS
/7% &S TEE INFUTTING E~VALUES AND C~OTCLENGENDS PACKAGES FCR THE SYMAF, .
Z/7IN DD DSN=UNC.GG.ESS1V.CARSTENS HEALTH.CCCUP.DATA,CISP=CLD
//VALUEL DD DSN=EEDATAL  UNIT=DISKSPACE=(TRKy(141)),
// CCB={RECFV=FE,LRECL=30,BLKS IZE=12009)DISP=(N%li,PASS)
//LEGEND DI DSN=EELEGEND ¢UNIT=DISK,SPACE=(TRKe(141)),
//  CCB=(RECFN=FB,LRECL= BOoBLKSIZE—LZOJO)'DISP (NEW,PASS)
/7SYSIN DG *
CATA CNE3
*THIS CATA STEP SFLFCIS ALL DATA 0OF SHIFT 1 CA JUNF 26%;

SET IN.SCLVENTS;

IF CATE=26 AND SKIFT=1%
IF SAVPLE NE 2 THEN DELETE:
IF LCCATICN > 1€ THEN DELETE:

DATA _NULL_:
*THIS DATA STEP SELECTS THE HEXANE DATA AND PUTS THEM OGN AN OS FILE

IN THE FCRMAT CF TFE E-VALUES PACKAGE FOR THE Sy4ap#*;

SET ONF FMO=EC(F3
FILE PRINTs




IF LCCATICN NE _N_ THEN PUT SAMPLE LCCATICHN ¢ LOCATION
* NOT IN PCSITICN ' _N_ * AS IT SHOULD BE. WMAP MAY BE INCORRECT®:
FILE VALUELl:
PUT &1l HEXANE 1C.3 @73 DATE a76 SHIFT @78 LCCATICN:
1F ECGF THEMN FUT @l *59999°;
DAYA THREE:
#TF1S CATA STEP TCGETHER WITH THE NEXT CNE PRFPIRE THE C-CTOLENGENDS
PACKAGE CN AN CS FILFE &S INPUT TC THE SYMAP#*;
SET INC.LEGEM)S EMD=ECF3
IF ALL=]1 OR
CHEMICAL='FEXANE' CR
CATE=6 CR
SHIFT=1:
DATA _NULL_: -
SFT TWO END=ECF?
FILE LECGEND:
IF _N_=1 THEN FLT
D6 .0 @10 *AY F18 '3,1' 2328 '1.5'/
218 *4,0' @28 '1.5' / Q@18 '4,0' @28 *N,5' /
218 '32.1' 3§28 '0.5' / @18 '3,1' @28 *1.5' /
26 'C' 210 %AY 718 *9,0' a28 'l.5* /
217 '10.C* 228 '1.,5* /7 &l7 *10.0' @28 *G.5' /
218 *S.0% 328 *QG.5' / @18 '9,0' a28 'l.5' /
a6 'G-' &10 *AY 317 '15.0' @28 *l.5' /
217 *16. €' 228 *1.5' / @17 '16.,0' QA28 *0.5' /
AlT '15.0' 228 Y0.5' / @17 *15.0' 428 'l.5' /
a6 0 XAt G410 A Q17 *21.0' a28 '1.5' [/
217 922.0' &28 %1.,5' / @17 *22.,0' @28 '0.5' /
D17 *21.C' &28 '0.5' /7 217 '21.0' &28 '1l.5'/
25 940 210 'PY 218 11,00 @27 *=,5° @31 *17.C* a4l *8.0° /'0.00'/
25 140 D10 P 218 1.0 D27 *=-.5¢ @31 '48.N"' 34l g0 /t)3,10¢/
25 4 A10 *PY &18 11,0 @227 '~.5' @31 '7S.0°' @4l *8.0' /'0,20°'/
25 149 Al0 P F18 1,00 D27 '-,5¢ 331 '110,° A4) *8,0' /'QVER'/
A5 '4* 210 P! G168 '1.0° Q27 '-.5' @31 '1l1l."' @4l 18,00 750,30/
35 12¢ 210 PY F18 11.0' @27 *-.5% @31 18,0 241 *S.0' /7 'T0* /
A5 12' A10 'PY @18 '1.0° @27 *-.5' @31 *49.0' @4l *G.0' /7 'TC* /
a5 2 Aln P 218 '1.0' 227 1-,59 231 180.N*' A4l 'S0 /7 'TOC /
25 14" 210 *PY 218 *1.0¢ @27 *~-,.5' @21 '16.0' a4l *8.0' /'0.10'/
a5 4% 210 'PY alB '1,0°' @27 '-.5' @31 'S50.0' 4l *8.0! 710,20/
) 25 "4 210 P 518 '1.0' 227 '-.5* @31 '81.C' 241 *8.0' /0,303
1F- HORI 2=0 1FEN v
EUT @1 "= a4 LENGTH 2. Q10 *P' 318 '1.0' 227 *-0.5' @31 RCWS 10.1
241 CCLS 10,1 / @21 LEGEND $CHAR50. 3
ELSE PUT a4 LENGTH 2. alp ¢ 318 *1.0* &27 *-0.5' 231 RCWS 10.1
g4l CCOLS 10,1 / 21 LEGEND $CHAR50, 3
1F ECF TEEN PUT @l 9999913
//STEP2 EXEC SYMAP
/% THIS EXEC STEP WILI PERFORM THE CNNTNUR %Ap TECHMIQUE
7/78T26F001 DD NSA=EELECENDDISP=(CLDyDELETE)
//FT277001 DD DSA=CEDATALl,DISP=(OLD,DELETE)




//C.SYSIN DD #
/% THE A-OUTLINES PACKAGE CONTAINS THE VERTICES CF THE BCUNDARIES OF THE
/% THE MAP
A=CUTLINES X
.. 00€.49  002.41
0.46 008.86
026.C1  G0B8.86
076.01  €02.73
0l4.24  002.73
014.CE  €02.41
00C.4S  €02.41
TTTTI
E-CATA POINTS X
102.46  007.92
003.46  €04.19
00€.52  G05.51
0n€.76 004,08
ClC.4  CC6.28
012.55  (08.16
015.17  (Ch.44
Clé.04  £03.41
028.26  005.16
023,62  (G7.28
023,67  (03.17
205.7C  008.76
€0S.4¢  €07.76

0lec.q2 €05.81
Clc. €2 CCT.72
021.€2 €07,36
017,69 0r8.22

€556¢ :
7% THE C-GTCLENCENDS AND E-VALUES PACKAGES ARE INPUTTED FRCM PREVICUSLY
/% PPEVICUSLY CREATED FILES.
C-CTCLEGENDS MAP26
E-VAI UES _ » REW27
/% THE TITLE CF THE CLTPUT IS *COMPLETE MAP/ HEXBANE(LOG VALUE)/JUNE 264
7% 1580 SFIFT:1'; THE MAP IS 17 INCHES LONG: IT HAS 4 CLASS INTERVALS:
/% THE VALUF FANCE MINIMUM RANGE IS =1.66 ANC THE VALUE MAXIMUM RANGE
/% 1S 5,253 THE RANGES CF THE CLASS INTERVALS ARE PRCPCRTICNAL TC
/% 3,07 0.94+0.S4 ONC 1,96 RESPECTIVELY; THE VAP NARGINS ARE 0.25
/% AT TCP, 4,25 AT LEFT, 0.25 AT ROTTCM AND .25 AT RIGHT: A FILE
/% WHICH COMTAIAS THE CALCULATED VALUE AT EACH LCCATION CF THE VAP
/% 1S CREATED. .
F-MAP
CATUM 17 DELETER
"HEXANE
JUNE 26, 1980 SKIFT:1
1 11.
3 4.0
4 0.0




//STEP3 EXEC SAS,R=2GEK
/% THIS EXEC STEP WILL STORE THE VALUES CREATED IN THE PREVIOUS
/% IN A SAS CATASET WITE THE VARIABLE MAME MAPO.
//C1 DD DSA=EESYM\U,DISP=(OLDDELETE)
J/7FUN D DSKN=UNC R ES52V.SOHEXANE,DISP=0LD
//SYSIN DC *
DATA FUNLHEXANE]:

FETAIN CCUNT O3

INFILE C13INPLT MAPLT RB4. 23

CCUNT=CCUNT +1 3

IF (CCUNT LE 24) THEN DELETE:

NCOUNT=CCUNT-24 3

M IL=NCCINCLUNT 86} ¢

IF NCOL=0 THEN WCCL=863
MRCW=(NCCULNT~NCCLV/ES+]1:
IF {(NROW LF 2) CR {(ANRCW EQ 135) THEN DELETE;

IF (NCOL LE 42) OR (NCOL GT 84) THEN DELETES
KEEF MAFQ:




Appendix D.*

Computer Programs: Jackknife Inputs, Computations and Maps

- Program #1:

Program #2:
Program #3:
Program #4:

Produce Contour Map with All Data

‘Produce n Jackknife Maps

Compute Jackknife Means and Standard Deviations

Produce Jackknife Standard Deviation Map

* For additional description, see text at end of Section IV.




Appendix D: Program #1 34

]

//% ®SwE%%CORTOUK MAP OF THE TOLUENE DATA (SHIFT1: JURE 26, 1980) ¥seixs |
//% FGE DETIAIL USAGE OF SY”AF, CKE SHCULD FEFER TO :
/7% SYNAP USER'S REFERENCE MARUAL
/7% BY
/7% J.A. DOUGENI¥ & D.A. SEEEHAN. .
/7% THE USER-PROVIDED DATE CONSIST OF TiE FOLLOKING EACKAGES:
//% A-OUTLINE: THIS PACKAGES SPECIFIES THE BOUNDARIES CF THE STUDY AREA
//* } ’
//% B=DATA PUINTS: THIS PACKAGE SEECIFIES THE LOCATION OF THE DATA
//% POINTS
VA
7% C-CTOLENGEINDS: THIS PACKAGE 1S OPTIOEAL AND CAN BE USED TO SF:CIFY
/7% THY SYMBOLISH AND LCCATICHS CE AKY SUPFLEMENTARY INFORMATION TO 3T
//% PLACED CN THE KAP \
/7*
//% E=VALUES: TYIS PACKAGE IS USEL TO DEFINE THE DATA VALUES TO EE
/7% EKPPED 1N THE SAME CEDER A5 THEIR CCRRESEGNEING LATA POINTS IN THE
. //% B-DETL FBCINT PACKAGE o
Ve . _ '
/7% F=NAP: THIS PACKAGE SPECIFIES TO THE PROGREM THAT A EAP 1S TC EI
/7% PRODICED #SING INPCEMATICN CCATALKEL 1K THE PREVIGUS PACKAGES. IT
/7% IS USED TC SPECIFY THE TITLE AND TO DEFIXE ERACTICALLY ALL ASVECTS
/7% OF THL APPEARANCE OF THE GUTFUT MAP
/7%
//% EACH PACKAGE IS INITIATZD BY THE PACKAGE NAME MND EXDED WLTE A
_ //% 1999991 LINE '
//STEP1 EXEC SAS
/7% YSOLVENTS' AND ' LEGERDS' AFE 2 SAS DATASETS IN THE SAS DATABASE
//*% 'UNC.GG.E591V.CASTENS,EZALTH.OCCCUR,DATA® ; ' SCLVERTS® COKTRINS
//%* DATA OF ALl CHESICALS PCk ALL LATES ANL SHIFTS; 'LEGENDS® CCKTAINS
//% THE OTOLENGEINDS FUR PRINTING THE CHEMICALS, DATES AND SHIFTS. TiHIS
//% STEP 1S TO S3LECT THE AFFRCFRIATE SUESET OF CATA AKP OTOLEKGEEDS
//% AS THL INSUTTING E-VALUES AND C—OTOLENGERDS EACKAGES FOF THT SYHAP,
//IN DD DSN=UNC.G3.B591V,CARSTENS. HEALTH. CCCUP. LAT A, TISP=0LD
//VALUE1 DD DSH=ESCATA1,UN1T=DISK,SPACE=(IRK, (1,1)),
// DCB=(RECFH=FB,LRECL=80,BLKSIZE=12000),CISP= (NEH,PASS)
//LEGEKD DD DSN=GELEGLHD,UNIT=DISK, SPACE=(IRK, (1,1)),
// DCE=(RECFi=FE, LRECL=80,BLKSIZE=12000),DISP= (KE¥%,PASS)
//5YSIN DD * |
DATA ONE;
#THLS DATA STLP SELECTS ALL DATA OF SHIFT 1 ON JUNE 26%;

SET IX.SOLVENTS;

IF DATE=26 ANLC SHIFT=1;

IF SAMPLE ¥E 2 THEW DELETE;
IF LCCATLIOK > 16 THEK CELETE;
DATA _NULL_; S
*THIS DATA STHZP SELECTS THE TOLUENE DATA AND PUTS THEH ON AN OS FILE
IN THE FORXAT OF THL E- VALUES PACKAGE FCR THE SYMAP#;
LTOL=LUG (TOLUZNE) ;
FILY FFINT;




D2

IP LOCATION NE _N_ THEN PUT *SAMFLE LCCATION ' LOCATION
' NOT IN POSITION ' _N_ * AS IT SHCULD BE, MAP FKAY BE INCCRKECT!;
FILE VALUEZI;
PUT @11 LTOL 1C.3 &73 DATE &76 SHIFT @78 LCCATICN;
1IF EOF THENW ZUT @1 *99999¢; '
DATA TWO: :
*THIS DATA STEP TUGETHER WITH THF KFXT ONE PREPARE THE C-OTOLENGENDS
PACKAGE ON AN 05 FILE AS INPUT 70 THE SYHAP*;
S5ET IN.LEGENDS END=ECF;
IF All=1 Ci
CHEMICAL='ZOLUCKE' OR
DATE=6 GR
SHIFT= |}
DATA _NULL_;
SET THG  END=EOF;
FILE LEGEND;
IP _N_=1 THEN BUT
86 Y. @10 'At @18 '3.17 328 11,50,
218 4.0 228 '1.3' s/ D18 v4,0' 728 '0.5¢ /
18 13,1 328 '0.5' ,/ OI1E 13,1t 328 1].59 /
@6 TOY D10 A @8 *9.0' &28 *1.5'
@17 *13.0" 228 '1,5' s &17 '10,0' @28 0.5 /
g818 5.0 @28 'G.5* , BDIB '9,0' 28 11.5¢ /
@6 'C-' 210 *Af' 17 v15.0' &28 v1.5¢
2317 116.0' 228 "1.5' ,/ @17 '16.0' 228 10.5¢ /
@17 *15.0" 225 19.5' /s 217 '15.0' @28 1'1.5¢ /
A6 'GXAY @10 'AY BI1T7 f21.0' @28 1i.5% /
@17 122.0" @28 *1.5Y , @17 122.0' @28 0.5 /
@17 121.0% 328 '0.5' , @17 '21,0' 228 '1.5%/
&5 '5' 10 1PY 218 1.0 Z27 '=.5' E31 *17.0' a4] 17,0 /'=2.50%4/
95 '5' @10 *Pr 418 *1,0' @27 *-,5' €31 19,0 @4l v7.0°¢ /'=.598%/
@5 15" @10 Py @18 V1,0' @27 '-,5% 331 150.0' au1 V7,0 /710,083,
&5 '5' H10 PV 918 1.0 927 *-.5' 231 181.0 {u¥ 7,00 /'0.7181,
@5 '2' @10 'P' g18 '1.0' 227 '-.5' @31 t18.0' a4t 19.0" / 'Tot /
a5 '21 D10 'pY 18 v1,0' 227 '-,5' 231 49,0 R4t 19,0 s YIer g
@5 '2' 210 'P' 218 '1.0' 427 '-.57 &31 ¢B80.D' @4 19,00 / 'T0ov /
35 '5' 210 'PY I8 v1,0% A27 -5 31 48,0 41 v7,.0! /'-.598%/
@5 '5' @10 P! @18 1.0 @27 *-,5¢ g3t 179.0' Q41 7.0 /7'0.083v/
a5 15' 919 ypr 218 11,00 227 '~-,57' @31 110, 241 7.0 /7'0.718¢;
S .5 Y4 310 P g8 v1,0% g27 v-,5% E31 112" 241 $B,.0! /'2.5%/;
IF HOR1Z=0 THEN .
PUT @1 *-' of LEWGTR 2. &10 'P' &18 *1,0' 27 '-0.5' @31 RCYS 10.1
241 COLS 10.1 / #1 LEGENLC $CUARS0. ;
ELSE PUT B4 LENGTH 2, 10 'P* 4§18 *'1.0' 227 *-0.5' @31 RCHS 10.1
241 COLS 10.1- / @1 LEGEND $CHARS50. 3
. IF ECF THEN PUT 31 *99999¢,
//STEP2 EXEC SYMAP
//«THIS EXEC STEP KILL FER:CRH THE CCETOUR HAP TECHNIQUE
//FT26F001 DD DSN=ESLEGEND,DISP= (CLD,DELETE)
- //FT27F001 DD DSH=GEDAT A1, DISP= (CLD, DELETE)




D3 %

//G.SYSIN DD # :
//x THE A-OUTLIKES PACKAGE CONTAINS TME VERTICES OF THE BOUNDAEIES OF THE
//% THE MAP
A-OUTLINES X
000.49 002,41
000.49 008.E6
020.01 008.86
026.01  002.73
014,34 002.73
014,08 002,41
000,49 002,41
99939
B-DATA POINTS X
003.46 007,92
003,46 004,19
006.92 005.51
009.76 004,08
010,48 006.28
012,55 = 008.16
015. 17 006. 44
016.04 003,41
020.26  005.16
023.82 007.28
023,87 063. 17
005.70  008.76
009. 46 007.76
012.93 005. €1
015.563  007.72
021,82 007.36
: 017.65  003.22
99999 .
4% THE C-OTOLENGENDS AND E-VALUES PACKAGES ARE INPUTTED FROL THE
_//% PREVIOUSLY CREATED FILES. ;
C-0TOLEGEKDS : EAP26
“E-VALUES KEW27
//% THE TITLE OF THE OUTPUT IS 'COMPLETE MAP / TCLULNE(LOS VAIUL)/JURE 26
//e- 1580 SUIFT:1'; THE MAP IS 17 INCHES LCKG; IT UAS 4 CLASS INTERVALS; -
 //< THE VALUE AINIAUU RANGE IS —2.50 AND THE VALUE MAXINUM RAKGE
/% IS 2.50; TR RANGES OF THE CLASS INTERVILS ARE PROPORTIONAL TO
/f 1,902, 0.681, 0.635 AL 1,782 RESPECTIVELY; THE KAP BAEGINS MEE 0,25
//e BT TOP, 4.25 AT LEFT, 0.25 AT EOTTOA AKL .25 AT RIGHT; A FILE '
/i WHICH COKTAINS THE CALCULATED VALUE AT EACH LOCATION OF THE HAP
/A IS CREATED. »
CCOMPLETE NAE
TGLUENE
JUNE 26, 1930 SHIFT:!
1 17.
3 4.0
4 -2.50




0.635

.25
’1-

0

J/STEE3 EXEC SAS,R=298K
/7% THIS EXEC STE® WILL STCRE THE VALUES CREATED IN THE PERVIOUS STEP
41&IN A SAS DATASET WI™H THE VARIABLE NAME HAPO.
//C1 DD DSN=§8S14V0,DISP= (CLD,DEIETE)
//FU# DI DSN=URC. 8. E552V.50. TOLUEKE, DISP=OLD
//SYSIN DD *
DATA FUN.ICLO;
RETATN COUNT 0;
INFILE D1;IRPUT MAP17 RB4. @B;
COUET=CGUNTH | ;
IF (COUNT LE 24) THEN DEIETE;
NCOUKT=CCU il —24 ;
NCOL=MOD (NCOUAT,H6) ;
IF NCCL=0 THEN NCOL=86;
NROW= (NCOUNT=-NCOL) /86413
IF (NROH LE 2) OF (NROW EQ 135) THEN DELETE;
IF (NCOL LE 42) OR (NCOL GT 84) THEN DELETE;
. KEEE HAPO;

<




D5
Appendix D: Program #2a

//%x CONTOUR MAPS OF THE TOLUENE DATA (SHIFT 1: JUNE 26, 1980)
//x WITH THE FIRST FOUR DATA POINTS SUCCESSIVELY DELETED.
//STEP1 EXEC SAS
//% FOUR TEMPORARY FILES ARE CREATED, EACH CONTAINS A SUBSET
//% OF THE DATA PBY DELETING AN APPROPRIATE DATA POINT. A C-
//x OTOLENGENDS PACKAGE FILE (AS IN PROGRAM A) IS ALSO CREATED.
//IN DD DSN=UNC.GG,E591V. CANSTFNS.HEALTH.GCCUP.LATA, CISP=0LD
//VALUL1 DD DSN=H5DATAL,UNIT=DISK,SFACE= (TRK, (1,1)),
‘44 ©DCE=(XFCFY¥=FEg, LRECL=R0, BLKSI?E=12000),DISP= (NEK,PASS)
"//VALUE?2 DD DSN=SEDATA2 ,UNIT=DISK,SEACE= (TRK, (1, 1),
// DCB=(DMECFi=FB, LRECL=80, BLKSIZE=12000) ,DISP= (NEW,PASS)
//VALUE3 DD DSN=6SDATA3,UNIT=DISK,SPACE= (TRK, (1,1)),
7/ DCE=(RICFH=FE, LRECL=80, FLKSIZE=12000), DISP= (NE¥, PASS)
//VALUEL DD DSN=5EDATAL ,UNIT=DISK,SFACE=(TRK, (1,1)),
// DCEs(RECFA=FE, LRECL=R0, BLKSIZE=12000), DISP= (KER,FASS)
//LEZEND DD DSN=&GLEGEND,UNIT=DISK,SPACE=(TRE, (1, 1))«
/7 DCE=(RECFiA=FR, LRECL=30, BLKSIZE=12000),DISP= {KEW,PASS)
J/5YSIN DD *
DATA - ON®; :
SET IN.SCLVENTS;
. IF DATE=26 AND SHIFT=1%;
T IT SANPLE hR 2 THEY DELETE;
IF¥ LOCATIOK 67 16 THEIN DELETE;
LTOL=10G (TOLYENE) ;
¥EEP SLYPLE DATE SHIFT LOCATION TCLUENE 1TCL;
PLCC PRINT DATA=CNE;
DATA _RULL ;
SET ONE EED=EOF;
FILIFE VALUE1;
IF _N_=1 THSY PUT 217 *-1.0';
®1ST pUT 211 LTCL 10.6 @73 LATE ¢7¢ SHIFT 878 LOCATION;
TF EOF THEN PUT21 163986,
DATh _NDLL_;
_ SET ONE END=EOF;
FILE VALUEZ;
IF _N_=2 THEN PUT 217 '-1.0%; )
E1SE PUT »11 L7T0L 10.6 @73 DATE @76 SHIFT 878 LOCATION;
, IF¥ EOr THEN PUT @1 15996S*;
DATR _NULI_:
SET ONY END=EONF;
" FILE VALUR3;
IPF _N_=3 THZN PUT @17 *'-1.0'; .
EISE PUT @11 LT™OL 10.G #73 DATE £76 SUHIFT 278 LOCATION:
IF EOF THEN DPUT @t '999GG¢,;
DATA _NULYL_ ;
. SET ONE END=EOF;
FILE VALUF4; -
IF _N_=4 THEW PUT @17 '-1.0'; .
“£1SF PUT @11 LTOL 10.C @73 DATE ©76 SHIFT @78 LOCATION;
L IF EOF TLEEN PUT &1 1559951,
DATA THREE;
SE™ IN.LEGENLS END=EOF;
I¥ ALL=1 OR

3
f
y

e

'y

-y

P
(3
B

g
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CE

s




3
¥
3
¢
-7
o ®
g
£
&
¢
&
[
5
S 4
i
B

" DATMA FOUR;

CHEYICAL='"TOLULNE"
DATE=6 OR
SHIYT=1;

OR

SRET THREE
FILE LEGEND;
IF _N_=1 THEN
L ®6 '. @10
218 '4.0°
Al 13, 1
a6 10" D10
217 *10.0°
®18 16,0"
26 10-"
217 116.0°
217 *15.0¢
26 VOXA!
217 122.0"
@17 21,0
25 15 810

END=EOF;

PUT
'Al
028
228

218 3.1t 220 '1.51)
"1.5' 4 D18 4.0
0.5t s @18 13,1
At 218 '9.0' 328 '1.5¢
Az 1.5 s @17 *10.0¢
228 '0.5' , @18 '9.0' @2
210 'A' 217 "15.0' 328 '1.5
228 '1.5' s @17 116.0°
78 10.5' , @17 *15.0¢
210 'A' @17 121.0' 228 'i.
A28 1.5' ,/ @1l '22.0°
£23 40.5' ¢ @11 121,0¢
Bt 216 1.0 827 '-.5' 231

22
22

8 '0.5% /
B 1.5

@28 0.5 /

g '1.5v /
4

@28 10.5' /

@28 1.5

5t

@28 0.5 /

@28 '1.5'/
117.0' @41

17.0% s3-2.501/

a5 '5' @10

t5t
th1
!2'
Lo
Livd}
1219

LY

D5
95
a5 .
8Y
a5
a5
05

o
s
by
@
o

@10

Q

'pr o318
tpY D18
10 0! @18
10 *p' 218
10 e 218
10 *P' 218
‘pt 318
tpt 218

10

10

'1.0°
'1.0¢
7.0
1.0
1.0t
*1.0¢
1.0
1.0

@27
227
az7
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'5.0°
19,01
'g.0|
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" /]STEP2 EXEC SYMAP

//FT26F0N1
//ET277001

" //FT30F001

'p' 218
25 '5' 310 *'DP' Bi16
a5 4 910 'P' @18

IF HORIZ=0 THEN

PUT &1 *=-' 24 LENGTH 2.
d41 coLs 10.1 /

‘@5 '5' al0 "1.0¢

1.0
t1.0°

az27
827
a27

‘_.5'
l-.SI

l—.5l

210 'P* 218 '1.
®1 1EGEND 3CilARSO.
EL5E PUT D4 LENGTH 2, &10 'P* 218 ',

d41 CCLS 10.1 / @1 LEGEND SCHARSO0.
IP LCF THER PUT 21 'G958S9¢;

// THE A-OUTLINE, B-DATA POINTS,
// ~REMAIN THE SAME FOR THE FOUR MAPS.
/1

179.,0"
*110.1
"2,

o4l
eu
241

0v g27 '-0.

0t

827 '-0.

// TPACKAGES WHEICH HAVE NOT BEEN REPLACED OR DELETED.

DD
DD
DD
Db
1))

DSN=56DATAY,DISP= (CLD,DELLETE)
DSK=E£6DLATA2,DISP=(CLD,DELETE)
DSN=85DATA3,DISP=(CLD,DELETE)
DSN=&GDAT A4, LISP= (OLD,DFLETE)

//FT28F001
// FT29F001

DSN=C6ELEGENE, DISP= (CLLC,DELETE)

//G.SYSIN DD *

 A-OUTLINES

000.49
0.49
026.01
026.01
014, 34

x .
002.41
008.86
008.86
002.72
002.73

'7.0' 10,0831/
17,0 410,718/
18,00 /12.500/;
5' 231 ROWS 10. 1

' @31 RoWS 10.1

C-OTOLENGENDS AND F-MAP PACKAGES
A MAP VILL BE CREATED FOR
A F-MAP PACKAGE BY USING A E-VALUES PACKAGE AND ALL OTHER




014.08 002.41
000,49 002.41
99999
B=DATA PUINTS X
003.46 007.92
003.46 “004.19
006.92 005.51
009.76 004.08
010,453 006.28
0.12.55 008.1¢
015. 17 006, 44
016.04 203.41
020.26 005.16
023.82 007.28
023.87 003.17
005.79 008.76
009.45 007.76
012.93 005,81
219,33 007.72
: . 021.82 007.36
99999 o
{7 C~0TOLEGENDS ' a T MaP 26
E-VALUES , REH27
F=Malr _
1ST DATHY DELBIRD
- TCIUENE (LC@ VALUE)
C JUND 26, 1980 SHIFT:
' 17.
4,0
-2 -50
2.50
1.902 .681

R LT Ty ]

R LI

w

t

-X
+CO0
A
8
0
18
21
i 99999 :
"E-VALUES - ' o "REW28 -
F=¥AP -
_2ND DATUX DELETED
TOIUFNE (LCG VALUE)
JUNE 26, 198C SHIFT:1
1 17.
3 4.0
4 . =2.50




-X
000
A

8
L
18
21
i 959909
- E=VALUES v w REV29
F~H3D
3D DATUM DILETZE
TOLUENE (LCG VALUE)
JUKE 26, 1930 SHIF(: 1}
i : 17.
4.0
-2.50
2.50 ,
1.902 681

TR, 5 gows ~un.

14
18
21
92999 '
~ B~VALUES o RE¥30
F=¥AD . ’
4TH DATUM DZLIETED
i "TOLYENE (LCG VALUE)
JUNE 26, 1680 SHIFT:1
: 17, :
4.0
-2.50
2.59
‘0902 .681

<
§
14
- -'!‘
e
g
é

14
.18

R
$9999
- 995004




D9

//STEP3 EXEC SAS
//% THE REINTERPOLATED VALUES CREATED IN THE PREVIOUS STEP ARE
//¥ STORED IN A SAS DATASFET. MAPL IS THE VARIABLE NAME WHICH
//% CORRESPOKDS TO THF NDELETION OF THE FIRST DATA POINT AWD SO
//% FORTH.

. //D1 DD DSN=§ESYHVY,DISP=(OLD, DFLETE)
//D2 DD DSN=£85YMVU2,DISP=(01D,DZ1E1E)

~//L3 DD DSN=E£&SYSVU3, DISP= (OLD, DELETE)
//0 DD DSN=£&SYMVUY ,DISP=(NLD,DELLTE)

~//¥Ul DD DSH=UNC.OHS.FZZBZ.SO.TOLULNE;DﬁP:eoLp
//5YSIN DD x
DATA TUN,TOLT;

4 RETAIYN COUNT 0;

" INFILE DI1;ILNPUT MAP1  RE4.
INFILE D2; INPUT MAP2  RE4,
IKFILE D3; INPUT MAF3 RDY,
INFILE D4 INPUT NAPY RE4.

©COUNT=COULT4Y .

! IF (CCUNT LE 24) THEN DELETE;
NCOURT=COUNT=24 ;

NCOL=¥OD (NCCUNT, B6) §
IF NCOL=0 THEN NCOL=86;
NP Cu= (NCOUN'T=NCOL) /864 1;

©IF (NRO¥ IF 2) OR (NROW EQ 13%) THEN DELEIE;

IF (MC:L 1 42) CR (NCOL GT 84) THEN DELETE;
KEEP NAD 1-4APUY; :

S/

DA
[ SIS
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Appéndix D: Program #3

/% THE MEAN AND THE STANDARD DEVIATION OF THE JACKKNIFE DISTRIBUTION.
// EXEC SAS,R=298K :
//FUN DD DSN=UNC.OKS.F228%.50.TOLUENE,DISP=0LD
//SYSIN DD %
DATA FUN.JK:

ARRAY MAP (I) MAP1-MAP1G;

ARRAY X (I) X1-X16;

SET FUN.TOLO;

SET FUN.TOL1:

SET FUN.TOLZ;

SET FUN.TOL3;

SET FUN.TOLL:
¢ X1,..,X16 ARE THE PSEUDO-VALUES;

.DO OVER MAP:

X=16%)VAPO-15%MAP

TND

JKMEAN AND JKSTD ARE THE MEAN AND THE STANDARD DEVIATION;

JKMEANSMEAR(OF X1-Y16); oo

JKSTD=STD(OF MﬁPl-MAPlG)hlS/SORT(lG),

KEEP JKMEAR JKSTD;




Appendix D: Program #4
M

/ /v CONTOUR MAP OF THF. JACKKNIFE STANDARD ERROR OF THE SYMAP IN-
/ /% TERPOLATION OF THE TOLUENE DATA.

// EXEC SAS
//FUX DD DSN=UNC.ONS.F228%.S0.TOLUENE, DI =5HR

//8YSIN DD W
w THIS DATA STEP ASSTGN THE APPROPRIATE SYMEOLS WHICH CORRESPOND
T0 THE DIFFERENT REGIONS OF THE CONTOUR MAP;
DATA onz(xsep =p % R COL);
LENGTH
5 ruu.ax-
JKSTD/ﬁ.

—
=
N~

0.8725;D=1,4658;
# CoL=

6:C= =1
yi 1F '\ THEN COl=42;

i1 (=
oo
OO~ =
QoCco=x &
e esd

MO O
Co
o

sNoaccrvwist e E o=
o
o2

U
wnnnnnunue
28 EWWWNANN) @t et et ed OV Cm, B
(@)
3o~

OCONN =N

ok
THEK P=t¥?;
982 OR cCL GT 2) AMD (LN_ KE 2941) THEW DO;
£ B) THEN Pp=1,
Fr P='0';
LE ¥ DO P=t=tiQ=tot i THD;

TEEN LOsp=txv;0=to0t;8='aV; LnD;TUD;.

2
L
L

z:

5
5
fi
o
£
L

I S CWELNITO DS

(2]
[
crvmw

¥ THIS DATA STEP PRINT OUT THF CONTOUR MAP OF THE STANDAED ERROR;:

DATA ULL .
e %?f"é?z"'i 42 R1
] ) -
MACEO hhSSA ei=t R1-R42 $1

BD
] $CHJ\R33.
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