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1. EXECUTI VE SUMVARY

From 1984 to 1995, NAPAP researchers exposed |inestone and marble briquettes to

weat hering for months to years at several different sites. They sanpled the
briquettes and analyzed multiple layers for anion content (sulfate SO4, nitrate NGB,
chlorine d, and fluorine F). In the first four years, they anal yzed a subset of
sanples for fifteen cations (Mg, Al, Cd, Wh, Ba, Be, Ni, Pb, Co, Cr, Cu, Fe, Sr. V.
and zZn). They conpiled the results into several BSC (briquette surface chem stry)
data files and docurmented the data—field formats thereof both in table headers and in
separate files.

In July of 1998 | received nineteen BSC files as enail attachments: three fornmat
files (and two duplicates) describing the fields in the data files, twelve anion data
files (four material types tines three project cycles) , and two cation data files
(fromthe first cycle, and which were re-sent separately in Septenber). In exam ning
these files, | have verified and extended their format descriptions, transfornmed al
to a common physical format, conbined the fourteen date files into two naster files,
slightly nodified (recoded) and reordered identification data, and done prelimnary
anal yses of the nmeasured data.

For this study, the outdoor treatment units are the briquettes while the | aboratory
analytical. Units are the |layers sanpled fromeach briquette. The data files reflect
this hierarchical structure. Each line, representing a layer, has a briquette and
layer id; treatnent fields describing the rock type and condition, exposure site and
rack slot, and exposure period; and analytical fields giving values for either the
four anions or fifteen cations and indicating which are below detection linits. The
briquette treatnent fields are duplicated for each layer of a given briquette

Proper statistical analysis rmust also reflect this two-level structure. This is

i npeded in this study by the diversity of layers sanpled for different briquettes.
(There are sixteen different patterns, not counting sone of the control blocks ). On
the other hand, there are essentially no nmissing data. Overall, the data are in good
shape for statistical analysis after the few changes | nmade. The di sk acconpanyi ng
this report contains the ready-to-analyze anion and cation files. There are three
versions to nmeet the differing input needs of different prograns.

Lacki ng exi sting anal yses to review, | perforned sone nyself. The report text and
tabl es tabulate the briquette treatnent variables and the bel owdetection indicators
for layers for both the anion and cation files. Histograms, plots, and anal yses of
covari ance show the foll owi ng about the overall relationship between treatnent and
ani on content: rock type (linestone versus nmarble), exposure tine, and |layer selected
all affect each of the anions; condition (fresh versus weathered) affects SO and

Fl uori ne.

There are two directions to go for further analyses. One is to exam ne Subsets of
data to answer specific questions. The other is to augnent the current data with
ot her infornmation.

2. DATA FI ELDS AND RECORDS
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From a user viewpoint, a data table conprises a set (or sequence) of records, each with
the sane sequence of fields. The logical format and content renai ns the same regardl ess of
how the table is stored and displayed and whether the nmediumis paper or el ectronmagnetics.
Fromthis viewpoint, all the BSC tables (data files) have the same format for the record
identification and treatnment fields, which come first, and anal ogous formats for the
measur enent data, which are the sanme for all anion and cation files respectively.
Therefore, once the physical format differences are renoved (as described in the next
section) it is easy to conbine files as appropriate for various anal yses.

2.1 Format files

The five format files include two duplicates |I slighted edited the three distinct files
and gave themthe follow ng descriptive nanmes (the original names are given in
par ent heses) .

forntat.txt (docm.icp.txt, docm.icp.wp)

forman88. txt (docum.ic.txt, docum.ic.wp)

forman92. doc (!docsurf. che)
Suffixes ‘cat’ and ‘an’ refer to cation and anion data files Suffixes ‘88 and ‘92’ refer
to presuned year of creation. The later anion format file is a lightly edited version of
the earlier one; the main change is the addition of codes for exposure periods |onger than
four years. Extensions ‘txt’ and ‘doc’ indicate ASCI|I text and Ms-Word file formats. The
original wp/txt files were apparently intended to be WrdPerfect and ASCI| text versions
of the sane file, but they are identical and not quite either format. Instead, they are
mostly plain text with the addition of a few junk characters that were easily del eted.

2.2 ldentification and treatnent fields

The initial fields in the BSC records identify each briquette and | ayer thereof and
describe how it was created and treated.

1. Rock Type: L,M= linestone, narble.

2. Condition: F,W= fresh, weathered (new, old).
In the files as received, Condition and Rock Type are combined (in that order, into
one Material Type field with four codes: FL,W,FM WV (but also see note after 4
Spray). The order is somewhat arbitrary, but it nakes slightly nmore sense to ne to
think of Condition as nodifying Rock. Type than the opposite, so | have reversed the
order in accordance with the standard general -to-specific ordering of database
fields. As for combining the two fields into one with two subfields: if fields are
designated by columm position, it does not nake any di fference since two adjacent
col ums can be regarded as desired as either one two-colum field or two one—ol um
fields. If fields are separated by tabs or sone other character, it is nore
difficult to switch back and forth. Conbination is probably better for entry and
di spl ay; separation is probably better, overall, for analysis.

3. Site (of exposure): CB, DC, NC, NJ, NY, OH, OS = characterization block (control with no

exposure), Washington DC, North Carolina, New Jersey, New York, GChio, and Chio (novabl e)

shel ter.
In the files as received, ‘OS is ‘OHM, but a third character is neither necessary
nor convenient. Also, Site is first, before Material Type. While this nay have been
conveni ent for entry and display, given that the data were split into separate files
for each Material Type, it also contradicts the inplication of that division, which
is that Material Type is a nore ‘inportant’ grouping variable than Site. In
addition, the exposure regime and slot variables which follow logically conplete
exposure place. Al three are followed in turn by the exposure time variables. For
the CE sanples, these following fields are not applicable and are entered as NA

4. Spray (at Site G5): * ‘', -, + = <not applicable> absent (dry), present (wet). In the
files as received, this is prefixed to Material Type and coded
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6b.

11.

12.

Report

“ ', Db S = <none> dry, sprayed. The coding is a matter of preference but the
(m s)placenent is a double design error. First, making a variable that is
possibly null (and here it usually is so) a prefix unnecessarily conplicates
the logic of extracting the rest of the information fromthe conbined fields.
In the files as received, for instance, the rule for extracting Rock Type
woul d be “second character of Material Type, unless the first character is ‘D
or ‘'S, inwhich case it is the third”. Second, this (sub)variable is
logically a nodifier of Site OS, designating the dry and sprayed subareas

t hereof, which were used sinultaneously. It could be elimnated by replacing
oS (OHM with, for instance, SD (shelter-dry) and SS (shelter-wet).

Slot (in exposure rack) three digit nunber (or NA = not applicable). In the
files as received, Slot is field 10, after the tinme variables. However, Site
and Slot jointly say specifically where the briquette was exposed; they bel ong
toget her Sl ot nunbers are 1## for nost |inmestone, 2## for nost marble, and 3##
for both at site OS. They run independently at each site. The leading digit is
sonmewhat redundant with Rock Type and Site. It could be deleted or nade uni que
for each site (and thereby replace Site). Gven information for each site
about the structure and setting of its rack and the correspondence between
sl ot number and position, analysis for position effects night be possible and
useful. Otherwi se, slot serves as an adninistrative variable only. (In the
files as received, Slot was sonetinmes coded N1 or N1, N2, N3 when not
applicable | changed all such codes to NA)

Exposure Period: two subcodes for nom nal exposure |length and period nunber.

Exposure Length: ‘', A B T,QC S HOND= 25,1,2,3,4,5,6,7,8,9,10 years. Blank is
quarter, Ais annual, B etc are bi-, tri-, quadr-, quinqu-, sex-, sept-, oct-,
non-, and dec-ennials (C and H(ept) substitute for duplicate Q and S). The
length is nominal in that the exact nunber of days depends on the Site and
Peri od Number (next).

Period Nunber: 1,2,3,4, = sequence nunber for exposure |ength. Period numbers
are sequence nunbers that run separately for each exposure | ength and, at
| east for sonme, each site. Tls and Qs start in 1984. T2s and 2s start in
1986, not 1985, because no T or Q periods were started in 1985. T3s start in
1988 but @Bs in 1989. Fall 1994 is quarter 2 at NC and NJ (but with a two-week
di fference) and quarter 1 at DC. O, to put it another way, quarter 1 is
sunmer 1984 in NC and NJ (but with slightly different start and stop days) and
fall 1984 in DC

Start Year: 84-90 = 1984 to 1990.

Start JDay: 1-366 = Jan 1 to Dec 31.
This and End JDay bel ow are Julian days within each year. The format files
incorrectly |label these as Julian dates, but the latter are the nunber of days
fromsonme arbitrary date and al so encode the year

End Year: 84- 95

End JDay: 1- 366

Briquette: XYZ-## (X, Y, X are always, nostly, seldoma letter; ## are digits)
These identifiers apply to one briquette and to the one sanple (or set of
sanmpl es, | am not sure which) taken therefrom They obviously have a structure
that is probably neani ngful adnministratively but hopefully irrelevant for
anal ysis (unless one wanted to check for systenatic effects of analysis runs).
(This field was originally called Sanple. Wile this may be nore accurate for
the control sanples, it seened anbi guous, taken by itself, when applied to the
treated material -- briquette, sanmple thereof (possibly nultiple) , or layer?)

Layer: A/B,C .U V,WX Y,Z fromouternost top to outernost bottom | infer that
top neans exposed to sun and direct precipitation and bottom neans not. The
particul ar set of layers anal yzed and reported depends on the particul ar
sanmpl e. However, sets of sanples with the same exposure period were often
treated the sane. The nunber of |ayers ranges fromone to seven, being
general Iy higher for |onger exposures There is no |ayer
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that is reported for all sanples. (Exception: the layers for weathered CB controls
are nunbered instead of lettered, and nunber as nany as nine.

2.3 Measurenent fields

The anion files report nmeasurenents of four anions: sulfate SO4, nitrate NGB,
chlorine d, and fluorine F. The cation files report, for a subset of early

sampl es, 15 cations: My, A, Cd, WMh, Ba, Be, Ni, Pb, Co, Cr, Cu, Fe, Sr, V, and
Zn. The format files say nothing about the units of neasurenent and report. To

do any analysis of a particular ion, we nust assunme that the same unit is used
consistently for that ion (this seens to be so -- as discussed later). To

compare ions, we nust assunme that they were reported with the sane unit. Wile
this must be true for sone (unknown) subsets, its only a guess for all 19 species.

Concentration neasurenments al ways have a | ower threshold of detection and sonetine an
upper limt (as in radi oi munoassay). Upper limts are usually overcone by accurately
diluting sanples that are known or suspected of being above the Iimt. For sone types of
work, it is possible to concentrate sanples to raise them above the lower limt, but this
tends to be difficult and expensive to inpossible to do very accurately. The alternative
is to sinply report the | ow values as | ow.

There are two issues with low values; first is howthey are recorded. The BSC fil es have
two fields for each ion: a value field followed by a flag field. The flag field is blank
for good values and ‘<' for values below the detection limt (low values), in which case
the value entered is (appears to be) the detection linmt. (The fornmat files inply but do
not quite State this last point.)

There are al so one-field solutions that narrow the display width of the file. (This is
nmostly a concern with tabbed files.) Low values can be left blank (if there are no m ssing
val ues) or entered as 0, with thresholds recorded el sewhere. O, the detection |limt and

flag can be conbined. (Since all concentrations are positive, a ‘-‘ will do.) O, one can
enter the conprom se value to be used for anal ysis (see next paragraph).

Regar dl ess of how | ow val ues are coded, the second issue is what to do with themin
statistical analyses. Deleting themis bad; it discards information and introduces the

wor se problem of missing values. But to not delete them they nust be given sonme specific
val ue. The detection threshold is too high; it overweighs the |ow values. Zero is
simlarly too low, it also results in nmissing values if one applies a log transform as is
common with concentration data. So a conprom se is needed, such as half the detection
limt.

2.4 Comments

As received, the anion files have 19 fields on each line: 10 experinent fields (1, 2, and
4 above are conbined as one), 8 (4x2) neasurenent fields, and a comment field. Leaving

asi de the few sanple or |layer specific comrents, the standard entries are the follow ng:
(blank) This is the npst comon.

| CP (inanion file) The | ayer was al so anal yzed for cations.

| CP+ (inanion file) The | ayer sanple was aggregated for cation analysis.
(Changed from | CP* due to conflict with another use of *.)

BULK (new CB only) Replicates (3) of sample are fromvolunetric center of
briquette (Layer is NA - not applicable).

AGG Anal ysis is of aggregate sanple. Since Slot and Sanple are entered as NA, |
presunme this nmeans that nultiple sanples were conbi ned for sone reason. In order
to differentiate between different aggregate sanples, | gave themartificia
sample identifiers AGG 0l to AGG 16.

##m In the CB sanples for weathered material, which had nunbers instead of letters

for the layer, the coment is of the formlI-Jm, where | and J are nunbers from
0 to 2000, with I < J. Sone also have a letter prefix. The
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meani ng of all this is not clear.
2.5 Units, records, and statistical analysis

The experinental (nmanipulation) units for the BSC study are the briquettes. Each is carved
froma particular material and placed in a particular site rack slot for a particular
period. The anal ytical (neasurenment) units are the |ayers carved fromeach briquette (or
core thereof -- as have no information as to the subsanple protocol). They serve as
repeat ed nmeasurenments characterizing the briquettes. There are, therefore, three ways of

| ooki ng at the conbi ned data.

The first view sees a file of |ayer records, one physical line per record. The second sees
briquette records with a variable multiplicity of lines, one per |ayer subrecord, with
treatment data redundantly duplicated on each. The third viewis that the file is the
relational join of two relational data tables. The first would be a briquette table with
briquette id and the treatnment data. The second would be a |ayer table with briquette and
| ayer as the key followed by the neasurenents. Each woul d have the coments applying to
that type of unit.

The two-1level structure of units conplicates statistical analysis. Analysis of layers is
probl emati cal because they are not independent units but spatial repeated neasurenent
units nested within the treated briquettes. Analysis of briquettes is difficult because of
the variation in the |layer sets. Wiat is needed is multiple anal yses of different subsets.

3. DATA FILES

3.1 Anion data files

ESC researchers set out briquettes for exposure in summer 1984 and at various times up to
fall 1990. They brought them back in for analysis at various tines fromfall 1984 to fal
1995. The anal yses of briquettes whose exposure ended by sumer 1988 were tabul ated in
four ASCI1 text files (one for each Material Type). Eriquettes whose exposure ended in
fall 1988 to summer 1992 were later tabulated in four old-version Mac Wrd files
attributed to Bill Ellingson. The renmmi nder were finally tabulated in four Wrd 6 (Mac)
files attributed to J. Scott Steckenrider.

To nore easily keep track of and mani pul ate the resulting twelve files, |

assi gned t hem new names based on the Rock Type, Condition, and | atest exposure endi ng year
of the briquettes tabulated within, with an extension matching their physical file fornat.
These are listed below, along with the names they canme to ne with (which, for the -90 to -

| i Mmew88. t xt Ims.ic.tab 95 files, appear to be DOS 8 3 condensati ons
| i mew92. doc I'li meche. nB8 of longer Mac nanes).
| i mewd5. doc I'l'i meche. nB2

i npl d88. .t xt pel s_icp.tab

l'i mol d90. doc 'wt hli ne. 88-

l'i nmol d95. doc 'wt hli ne. 92-

mar newds8. t xt mar _ic.tab

mar newd2. doc I nt bl che. nB8

mar newd5. doc I'nr bl che. B2

mar ol d88. t xt penb_icp.tab

mar ol d90. doc I'wt hnr bl . 88-

mar ol d95. doc 'wt hnr bl 92-

3.2 Merging the files

The division of the data into three groups of files by date appears to be an
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artifact of the grant/project cycle and without scientific basis. Merger is necessary for
any analysis crossing the time boundaries. The separation of material types is fine for
anal yses confined to just one of them but it inhibits or prevents direct conparison of
linmestone to marble or fresh to weathered material. It also inhibits making gl obal changes
to the record format and field coding (and any such change should be global). | therefore
reduced all twelve files to a common format suitable for nerging into a naster anion data
file.

The format | chose for merging is one line per layer with no space characters and with tab
characters separating the fields. | chose the extension ‘tab’ to designate a file exactly
inthis format (which is why | changed .tab to .txt for the 1998 files as received).
Converting the 1998 files (xxxyyy88.txt) only required deletion of three file and field
header lines at the top and the blank lines scattered below to separate lines for the
various sites. The reduced versions, produced with the Wn95 NotePad program were saved
as xxxyyy88.tab.

The Word files were nore challenging. The data within each file is contained within a
single Wrd table, as distinct froma series of lines with tab or space separated text.
Moreover, the ol der 1990/92 table format is distinctly different fromthe newer Wrd 6
format used in 1995.

Under W ndows 95, Ms Word Viewer and Word 7 both read and convert each of the ol der fornmat
xxXxyyy9#.doc Mac Word files. Word Viewer creates a nicely spaced text formwhich can be

vi ewed on the screen and printed but not saved. Wrd 7 creates a version 7 table. From
this, producing the desired tabbed text file took four tries For each table:

1. Save the table as a text file Problem Wrd puts each field on a separate |ine.
Al t hough a programcould be witten to gather the fields of each record back onto
one line, | tried sonething el se.

2. Save the table in DOS WrdPerfect (W) 5 1 format, read it in with W, and have WP

save it as a text file. Problem W, puts all fields of all records on one line, wth
Crl-Gas a field separator. Al though a programcould be witten to split this one
nmega-line into records, | again tried sonething el se.

3. Find and del ete the Table code (using Reveal Codes); delete the header and bl ank
lines, and delete all spaces (by globally replacing themw th nothing). Wen this is
done after maxinizing the declared line length (via | andscape node and nini nal
margi ns), WP converts the tables to the desired format of text lines with tab-
separated fields.

3A Save the properly formatted file as ASCI|I text by the normal nmeans: Text |n/CQut
(Ctrl-F5) / Dos Text / Save. Problem WP converts the tabs to spaces.

3B. Save the file by the alternative path: Crl-F5 / Save As / Ceneric Result: success.

Two of the newer Word 6 files (linmold95 doc, marol d95 doe) have a different problem as
read by Wrd Viewer and Wrd 7, some table colums have a defined display width too narrow
for their data. Consequently, each table cell (data field) is wapped onto two display
lines. Attenpts to fix the tables by w dening the too-narrow colums froze Wrd, so that

it had to be externally canceled (via Ctrl-At-Del).

The W ndows 95 WordPad program which can read and wite text, RTF, and Wrd 6 files, and
in the process convert fromone format to another, does better. Somewhat ironically, this
is because it is alimted editor that cannot create or edit tables as tables. So it
automatically converts themon input to a sequence of text lines with tab-separated
fields, exactly as here desired. This conversion rmakes colum widths irrelevant, so it
restored the two files to one line per |layer. Mreover, it saves text files with tabs
intact. (In retrospect, the 1990/92 files could probably have been converted easier by
saving themas Word 6 files and then usi ng Wr dPad.

The conpatible tab versions of the twelve anion files easily conmbine into a
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master data file with the DOS COPY command (copy * tab all.tab). (I have not yet found
an equivalent facility in Wndows 95). The result has 2019 lines (layer records).
There was originally one nore (L26-03 Z), but it had no neasurenents due to the via
breaking (said the comment). Being a usel ess nui sance for analysis, | renoved it.

3.3 Treatnent fields: checks, changes, and tabul ations

As described in the previous section, the foll owi ng changes were nmade to the
treatment protocol fields:

1. Swap Site and Material Type (making the latter first).

2. Myve Spray froma D)W Material Type prefix to a -/+ Site OS suffix.

3. Myve Slot to just after Site/Spray. Recode N1, N2, N3 to NA

4. Replace Briquette NA for aggregates with AGG 0l to AGG 16.

Material Type and Site/ Spray were not yet split into separate fields.

Mat erial Type and Site were checked for validity in the sense of having one of the
prescri bed categorical values. One OH was found to have been entered as <zero>H and
corrected. Exposure Periods were checked for |egal Exposure Length code and sensible
Peri od Nunmber. Briquettes with nultiple |layers were checked for treatnment field

consi stency. Material Type to End JDay should be (and are) the same for each | ayer of
a briquette.

A briquette table (brigan.tab) was produced with one Iine per briquette (or CB sanple
id). Each Iine contains the Material Type to Briquette fields plus a calculated field
listing the | ayers analyzed for that briquette. The 64 ids with just one layer listed
were considered to be possible entry errors. The corresponding |ayer Iine was found in
all tab and checked agai nst neighboring |ayers. Since two briquettes cannot be in the
same slot at the sane site at the same tinme, identicality of these variabl es between
the suspect and a neighbor indicates an error. Three such matches were found, and in
all three cases, the ids differed only in a single character, verifying that the
difference was a single bad keystroke. The followi ng changes were make to all.tab

QJr7-24 to QU7-04

G34-14 to &Bl-14

Kl 4- 29 to Kl14-21
In addition, AC-I was changed to ACC-01 for consistency of format with all other ids.

A revised brigan.tab was regenerated fromthe revised all tab. It has 611 |ines.
Tables 1 to 5 tabulate he number of briquettes with the different Mterial Types,
Sites, Exposure Periods, nom nal exposure durations, and | ayer sets. The one briquette
with layers AX was the one for which the layer Z vial broke.

On first exam nation of the data, the four date fields seemredundant with respect to
Site and Exposure period in that they appear to deternined by and predictable fromthe
latter two. If this were true, they could be replaced with an auxiliary. Date table
listing their values for each actual conbination of Site and Exposure Period. Table 6
lists all 108 enpirical conbinations of Site, E.P. and the dates. It shows that this
hypot hesis is al nbst true, except that period A5 has two different starting days, for
di fferent batches of briquettes, at each site. There is also an anomaly at OS: A6 (a
nom nal year) is given as running from90-9 to 93-152, nearly three and one half

years. Some entry is not correct, but which is not obvious.

3.4 Measurenents

Table 7 tabulates the anion values flagged with ‘<. The first version of this table
showed that one briquette (found to be FI5-12 layer A) had C listed as ‘81 <. Since
8l is clearly detectable and since the other two | ayers of F15-12 had C listed as ‘8
<, | changed 81 to 8 and nodified the table accordingly. Two of the anions, 504 and
Chlorine have relatively few | ow values (9% and 129 . The main problemfor their
analysis is to pick the replacement value. Should it be
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a fraction of each threshold, or one value (such as the |owest threshold) for all |ayers?
Fl uorine, on the other hand, nmay best be collapsed to | ow versus hi gh since nearly half
the val ues were bel ow detection NO3 is simlarly problematical, though not as bad.

Wth the broken vial line deleted, all neasurenents are present -- none missing. Wth
checks conpleted, the layer lines were witten to a fixed format (columm oriented) file
all.txt. The CB ‘NA'S for inapplicable treatnent variables and | ayer indicators were
witten as ‘**. This is the default m ssing value indicator for BMDP. Wth ‘1 CP*’ changed
to ‘1 CP+', these can easily be changed to anything el se for any other program (This was
one reason for the change; the other is that aggregation is a ‘+ rather than '*'
operation.)

3.5 Cation files

Fifteen cations were neasured for 165 layers. My nanes and the originals are:

lincat88.tab icp_Ins.tab

mar cat 88.t ab icp_mar.tab
As with the other 1988 files, they only needed renoval of the header lines (there were
none bl ank) before being nerged into cation data. As with the anion data, | swapped

Mat erial Type and Site and noved Slot. Since Site OGS did not occur here, neither did
Spray. There was al so no need to change briquette ids.

The 165 |l ayers cone from 73 briquettes -- 42 limestone and 31 marble, all fresh. The
distribution anong sites is 6 CB, 15 DC, 22 NC, 15 NJ, and 15 NY (no OH or OS). The 67
non- CBs were exposed at the begi nning of the study: 24 for a quarter, 7 for a year, and 36
for two years. Their |ayer patterns are as follows: ABC: 28, A:20, XYZ:5, AZ B,C 4,
ABCXYZ: 2 (total:67 non—Bs).

A visual scan of the conbined | ayer data shows that all neasurenents are present for al

| ayers included. It also reveals that eight cations -- Cd, Ba, Be, Ni, Pb, Co. Cr, and V -
-- are always below the threshold (or alnost always, with just a few barely above). |
renoved their sixteen fields. Another four -- My, My, Fe, and Sr -- are always above the
threshold, so | kept their values and renoved their always-blank indicator fields. After
these deletions there are ten (4 + 3*2) neasurenent fields in addition to the ten id and
treatment fields. The last three cations -- Al, Cu, and Zn -- are mixed. Some val ues fal
bel ow detecti on and sonme above, with some too high to discard. However, | would not be
surprised if further analysis (or some of the other four kept) fail to find ruch
relationship with the treatment variables. The variation observed is small enough that it
could just be nostly noise. Table 11 summari zes the seven cations kept.

4. STATI STI CAL ANALYSES
Ani ons

Tabl e 8 summari zes the four anion nmeasurenments and their | og values. As is typical, the
| og val ues appear to have a nuch nore symetrical distribution. This is suggested 1) by
the better bal ance of | ow and high values in relation to the nmeans (the Z scores) and 2)
by the standard deviation to nean ratios (less than 5 for logs and greater than 1 0 for
raw neasures).

Hi stograns 1 to 8 (produced by BVMDP Statistical Software program 7D) give nore direct

evi dence of the distributions. They show hi stogranms for the four anions and their l[ogs for
each of the four nmaterial types. Not only are the log distributions nore ‘nornal’
(gaussian), but the standard deviations for the four groups are nore nearly equal. The

|l ogarithms thus better satisfy the two basic assunptions of npbst anal ysis of variance
calculations. | therefore conclude that they are the proper scaling for statistica

anal yses of the ani on neasurenents.
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The original BMDP output al so had anal ysis of variance tables for the effect of Rock Type
and Condition on each variable. They say that the difference between |inestone and narbl e
is significant for all anions. Condition appears to effect S04 (logs thereof), Fluorine,
and naybe NO3. There seens to be an interaction for Chlorine. However, | have not included
these tabl es because they do not include the effects of exposure duration and |ayer
measur ed, which are probably not bal anced anmong the four groups.

Plots 1 to 4 show the effect of exposure duration. Points that do not overlap are |abel ed
by a letter indicating the material type of the |layer neasurenent plotted. Plots 5 to 8 do
the sane for layer, with A/B,C UV, WX Y,Z sinply converted to 1 through 9. Both factors
appear to affect all four anions.

Table 9 shows the results of anal yses of covariance that exam nes the effect on anions of
all four independent variables (simultaneously). It conbines and nostly confirns the
subanal yses t hat acconpany the histogranms and plots. Rock type, exposure duration (this
time in years instead of days), and layers all affect each of the anions. Condition

af fects 504 and Fluorine. The only significant interaction is for SO4.

Techni cal | y speaking, the layer factor is and should be anal yzed as a repeated neasures
factor within briquette rather than as an independent covariate. The |layers are treated in
groups as part of briquettes rather than independently, one by one. The degrees of freedom
for the treatment effect error term should be about 600 instead of the 1971 that this

anal ysis pretends. However, repeated neasures analysis (at |east as inplenented by EVDP)
requires conplete repetition. So it can be used here only by selecting subsets of
briquettes that are conplete for a particular subset of layers. Fortunately, the results
in Table 9 are clear enough that | would expect the general conclusions to be the same
even if the study were designed differently (with the sane |ayer set for all briquettes).

The simlarity of results for the different anions suggests that they might be correl ated.
Table 10 shows that the correlations over the entire dataset range from .51 to .74. Plots
9 to 14 show the rel ationships of each pair in nore detail. For instance, Plot 12 suggests
that the correlation of NGB and Chlorine is real even within the subgroups of |inestone
and marble layers, while Plots 13 and 14 suggest that Fluorine is not so rmuch correl ated
with NO3 and Chlorine for limestone while it is for marble.

Recomrendat i ons

The anal yses reported above use all the anion data (or all except for sone of the contro
bl ocks). Similar anal yses should be done with the cation data, even though | suspect nost
will confirmnull hypotheses of no effect. Additional analyses of the anion data should
nmostly focus on subsets of the data to answer specific questions. Although subject-matter
specialists mght think of nore, the following |list nmakes a start.

1. control blocks -- to characterize the material on entry to the study. | believe that
this subset of the data could al so be used to gain sone indication of the
consi stency of replicate | aboratory anal yses.

2. briquettes with layer sets A Z, AZ, or ABC, etcetera -- for repeated neasures
anal yses of layer effects and for better characterization of the effects of other
treatment factors. Though there are sone obvious problems, it might be possible to
fill in some mssing layers by interpolation to expand the size of sone subsets.

3. briquettes exposed for one quarter, with season added as a factor.

4. one year briquettes -- for year to year differences.
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5.

6.

Repor t

CS briquettes -- for differences between the dry and spray subareas.
| ayer and briquettes with cations measured -- for relationships between ani ons and
cation.

Sone additional analyses would require incorporating other data. These are nore difficult
and possibly not worth the effort. Possible sources and anal yses i ncl ude:

1

Envi ronmental data to better relate site and exposure period to actual tenperature
and precipitation. Sone of this mght be extractable fromthe environnental and
precipitation data.

The relation of slot to rack positions for possible position effects.

I nformation decoding ids which mght help relate control blocks to exposed bl ocks or
| ayers to anal ytical runs (depending on what the ids encode).
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TABLES, HI STOGRAMS, PLOTS, AND ANALYSES OF COVARI ANCE

Note: in tables 1 to 5 bel ow,
identifiers

1. Material Types

LF: 274 LW 32

MF: 274 MN 31
Table 2. Sites

CE: 12 NY: 172

DC. 172 OH 75

NJ: 40 os+: 30

NC: 90 os-: 20
Tabl e 3. Exposure Periods (47,
1: 24 11: 4 A: 24
2: 24 12: 6 A2: 16
3. 24 13: 6 A3: 6
4: 24 14: 6 Ad: 32
5 2 15: 6 A5: 66
6: 2 16: 6 A6: 20
7. 2 17: 6 A7: 12
8. 2 18: 6

9. 6 19: 6

10: 6 20: 6 NA: 12
4. Expose

Dur ati ons
yrs N

0 12

.25 174

1 176

2 75

3 48

4 36

5 30

6 12

7 12

8 12

9 12

10 12

5. Layer Sets

Pattern N

ABC : 85

ABC XYZ: 51

ABC Z: 18

AB YZ: 4

A CU X Z: 47

A UVWKYZ: 4

AU WKYZ: 1

AU X Z: 53

AU Z 13

A XYZ: 45

A XZ: 101

A X 1

A Z 52

XYZ: 8

t he nunbers add to 611,

counting NA for CBs)

Bl :
B2:
B3:
B4:
B5:
T1:
P2:
P3:
T5:

24
6
8
6

31

18
6

12

12

Q:
RB:
a:
c2:
S1:
H :
O1:
N1:
Xl

t he nunber of briquette (or CB)

18

12
18
12
12
12
12
12
12



XZ: 655
Z: 61
<CB=none>: 127
Table 6. Exposure Sites, Periods, and Dates
S5t EP S8Y SDyv Ey EDvy N 5t EP &Y SDhy Ey EDy
CBE WA NA NA NA NA 12 84 171 84 269
1 84 224 84 320 2 84 269 B84 356
2 B4 320 B85 45 3 84 356 85 79
3 B5 45 85 133 4 85 79 8% 172
4 B5 133 B85 224 17 88 1920 88 306
13 B87 231 B7 318 18 88 306 89 51
14 87 318 B8 48 1% 89 51 89 174
15 B8 4B B8 160 20 B89 174 B89 258
16 B8 180 B8 258 Al B4 171 85 172
Al B4 224 B5 224 A2 85 172 86 177
A2 BS5 224 B6 226 A4 B7 176 8B 190
Ad BT 223 88 258 A5 B8 162 89 202
AS B8 160 B9 222 A5 B8 190 89 202
AS B8 258 B89 222 AB 89 202 90 193
RE& B9 222 90 243 A7 90 26% 91 206
A7 90 243 91 346 Bl 84 171 86 177
Bl B4 224 86 226 BS5 B8 162 95 13
BS 88 1ls0 95 73 171 B7 176
T1 B84 224 87 223 T3 87 176 90 123
223 90 243 TS S0 269 93 221
TS 90 243 93 244 01 B84 171 88 130
Q1 B84 224 8B 258 Q3 88 190 92 181
D3 BB 258 92 246 Cl 84 171 8% 202
Cl B84 224 89 222 C2 B% 202 985 13
c2 89 222 95 713 51 B4 171 90 1983
51 B4 224 90 243 H1 84 171 91 206
H1 84 224 91 346 01l 84 171 92 181
01 B84 224 92 246 N1l 84 171 93 221
N1 84 224 93 244 X1l 84 171 95 13
X1 84 224 95 73 9 B6 198 86 293
1 84 146 84 237 10 86 293 87 33
84 237 84 331 11 87 33 87 111
84 331 85 &0 1z 87 111 87 209
85 &0 85 136 OH A3 86 198 87 209
85 136 85 240 OH A4 87 209 88 223
85 240 85 331 OH AS BB 152 90 9
85 331 86 62 OH A5 88 223 90 9
86 B2 86 155 OH B2 86 198 88 223
146 85 136 OH B4 88 223 90 283
NC A2 85 136 8& 155 OH BS 88 152 95 32
NC A4 87 160 88 188 OH T2 Be 198 90 9
NC A5 88 1lsl 89 143 1 OH Q2 86 198 90 283
NC AS 88 188 89 143 0S5+ A4 BYT 209 88 223
NC Bl 84 146 86 155 0Os+ AS B8 152 90 9
NC T1 84 146 87 160 05+ A5 88 223 90 9
NC Q1 84 146 2B 188 Q05+ A 90 8 83 152
NC C1 84 146 89 143 0s+ B3 87 209 90 9
NJ 1 B84 157 84 251 05+ B5 88 152 93 152
NJ 2 B4 251 84 349 0s+ B5 90 9 93 152
NI 3 B4 349 B85 65 05- A4 87 209 88 223
NI 4 B5 65 B85 158 0S- AS B8 223 90 9
MJ Al B4 157 85 158 0sS- A6 90 9 93 152
NJ A2 B85 158 86 189 05- B2 B7 209 390 9
NJ Bl 84 157 86 169 05- B5 390 9 93 152
"Table 7. Thresholds and Low Anion Values
504 N NO3 N Cl M Fl N
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8 4
9 9
10 31
15 T3
16 24
20 48
all 189
9%

B 15

9 34
10 128
12 =]
15 290
17 68
20 31
all 621

3l%

Table B. Summary of

Variable
S04
NO3
Chlorine
Fluorine

logs504
logNo3
loegChlor
logFluor

Mean
2765.9
46.3
23.2
11.0

2.
1.
1

b L

0.8

3 20
4 2
= 47
7 1
B8 82
10 Bl
15 2
all 235
12%

140
2
202
93
210
17
10 305
all 969
48%

LU= R RV, PV N

Anion Values and Logarithms

StdDev Low Z High
7974.5 4.0 -0.35 B2300
84.9 4.0 -0.50 g60
24.9 1.5 -0.87 202
15.7 1.0 -0.863 128
1.0 0.60 =1.77 4.9
0.5 0.60 -1.56 3.0
0.4 0.18 -2.52 2.3
0.4 0.00 -1.83 2.1

Z is number of standard deviations from mean

“Histogram 1. SO Grouped by RockType and Condition
Limestone
Fresh
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5. E. M. 314.414
MAXIMUM 82300.000
MINIMUM 29.000
CASES INCL. 971

"Histogram 2. NO3 Grouped by RockType and Condition
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“Histogram 3. Chlorine Grouped by RockType and Condition
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GROUP MEANS DENOTED BY M'S IF COINCIDE WITH *'S, N'S OTHERWISE

MEAN 9.845 22.934 9.613 12.117
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“Histogram 5. logS04 Grouped by RockType and Condition
Limestone Limestone Marble Marble
Fresh Weatherd Fresh Weatherd
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“Histogram 6. logNO3 Grouped by RockType and Condition
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“Histogram 7. logChlorine Grouped by RockType and Condition
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Fresh Weatherd Fresh Weatherd

MIDPOTHNT S ot voara e e a i ae At wrece s B e et ale w ios thoe o T e

2.400)

2. 320)

2_2401 dr e d ook kA

2_160} fE L S S SR EEE S ST

2+UED} *i‘l’*‘l’**‘l***lﬁ

2.000) krxssrnnnss]y *

1'9201*!**1**!***19 % &

1+34ﬂi*it*t**it**23 W o

1‘76.01***********33 & o o W wr o

1‘53-0;*#*****‘!***43 L8 8 B 8 8 & & J L2 & B 2 % 8

1_Enu}tiiti*iii*i4n EEE RS EEE & F K i i o o o

1'5201****1**!!**60 !!**i**il**zs X E 2 X & & B F b = ]

1+44D}H*******‘l’*111 ﬂ'ﬂ'**ﬂ'**‘l’ﬂ'**BS *‘l’**‘l’l’**‘l’**lﬁ i

1_3501**********1?9 H*ii—i*iii*idﬁ ***********24 S R RS R EE R

11.280}**********205 LA & & & & ****i.**l’**JS W

1.200}**********112 o e e A ***********63 L A R 8 8 8 8 8

& W EEE R S EREE SR L3

1.120) ****rkxrenslp
1.040) ***rrnhnns
n_gﬁn}***********aﬁ
0.880)

0.800)

0.720) *+**+

0.640)

0.560)

0.480)

0.400)

ook ol ol ol ok ol ol ok ok R
&k ok
LB

tiiti*il—i*ia?
****'******43
khkkkdkkdkw] D
H**‘t‘l’**!***}ﬂ
***********22
iiti—*iil—**ldn
****.*****102
-

iiii*iti**t36
l*tl**i**tid'}

L
P & koo ok w
LE R B B 8 ]

Ak kEkk Rk kR R G
SRR R R TR



0.320)

LR R R 5

i**it*iittizn

GROUP MEANS DENOTED BY M'S IF COINCIDE WITH *'S, N'S OTHERWISE

0.240)

0.160)

0.080)
MEAN 1.431
STD.DEV. 0.268
S. E. M. 0.009
MAX TMUM 2.305
MINIMUM 0.699
CASES INCL. 971

Limestone

1.395 0.874 0.928

0.198 0.338 0.337

0.015 0.012 0.031

1.8583 1.929 2.013

0.602 0.176 0.602

167 766 115

“Histogram 8. logFluorine Grouped by RockType and Condition
Limestone Marble Marble

Weatherd Fresh Weatherd

Fresh

MIDPOINTS....0onvenunn

2.320)

2.240)

2.160)

2.080)*

2.000)

1.820)

1.840)*

1.760)**

1.EBQ}********ﬂ

1‘5ﬂﬁ]********

1.5201***********i*

1.440) *xwnwnwnwnwn()

1.350}*i*i**+i***2g

1.23ﬂ}********!**44

1.200) **wwrrnrrrrgy

1.12ﬂ}***********45

1.0DA0) **ewwkhkrrrD

G.QEG}********’*14?

D1SBQ}H**********59

ﬂ;ﬂﬂﬂ}***********QE

G'Tzu}****ﬂ*****EEE

0;540}**********150

n_56u}*ii*i**i**i45

* &

* & &

o

* &k ok ok k ok
*!**!***!**ZU
LR R A A b B b b
ok ok ok ok ok

L R A A B B & |
kkkkkkkkdk
LR R

PR E RS B B L E R R X
H******i

* & Wk

* &

o

i*******k**31
i**it*i*tiizﬁ
& ko

oo

e e o ol

ok ok ok dkk k&

o o ok o ol
****t***t**l4
*l**t!**!**lﬁ
LA B AR 3

% & & k&

e i e ok ol e o o o
i**ii*ii**il?
LEE R LS 5 R ]
koo

LA B A b b B

* &k k&
*i**i***l**l?
o o o

LR E R R &R
**********lzl
H***t**itiigz
****!***t**41
********.**22
**********160
***********34

* &

***ki**l**145

LA &

LA

* &k
LA
dEkdk ok kddkhd
LR

M

it*****i***za
i**i!*****i44
* & &k

ook ok e & ok ok &

M'S IF COINCIDE WITH *'S, N'S OTHERWISE

0.601
0.494
0.018
2.079
0.000

T6E

0.4B0) *™*

ﬂ'iﬂn}*i**t**i**i34

0.320)

0.240)

0.160)

0.080)

0.000)
GROUP MEANE DENOTED BY
MEAN 0.879 1.153
STD.DEV. 0.293 0.445
5. E. M. 0.009 0.034
MAXTMUM 2.107 2.013
MINIMUM 0.398 0.544
CASES INCL. 971 167
"Plot 1. logS04 wversus Exposure Duration (Days)
Symbols: i/l= lime new/old; ,n/o =

marble new/old

.B218
.3932
.037
.06l
.358

115

o S o



logs504

2

1.

.7

.90

2.

B

= )
=

aHT * % ® -

a

M 11
M *1il
M =23l
- ili
M i *3 1
- ii i*io
M ii **il
Mi ilno
Mi n *n*
Mi * n
M * *=*1nl
H n ***nﬂ
M *i i-i-*l
H *i *t!i
M * LR KT
- %% n*ij]
+ *k ok 7]
M ** *jiip
H * % *® & =}
H W L 3 O
Y *n i*i o
H W iﬂ'! *
M o* R
H o i 1
M ** x5
M *i *po
- %
M n *n
Mn -
-n n
-n n
- n *o
Mn n
-n n
- n
R ol +
0 500
0.00

i/l= lime new/old;

s h s e

eFa v aFieaas

i i 1 i i -
i i 1 1 i -
i ii L i i -
ii i i 1 L3 i i i +
1 434 4ii i i i -
i ii ii bad * i n -
i 1 o i -
n * 1 )
in * nn in n n n -
*rn *n * nn lo i i -
n **nn nnn 1*nn i * -
n n* nn *nn i *o +
* inn n onii ol n n -
ii - n 11 -
**i nn i n * -
e % n i 1 -
ii iii n i 11 i1 i i -
i* i ni nn ol 1 * i -
inii i o i el b Y
i I B . & I n - i +
n *i ii * 31 o i n -
* ii = 5, = = n A L i -
* m il * i * Jo 1 i i % -
*] n wew LA T | *3 i i i -
* ii= i i 11 * ni n -
il * i% i i ii * i i -
nn * i*n iin=* 1*i i i * -
**in ni* iin * * i n n i +
il ke ® § * #*]in * ni * -
*n ® ni T on " i n -
nn nn nn n oln n n * -
nn nn nn n on n n -
n Il [ ] I =
n n -
n n n n -
Il [als] I n +
...... e e T e R R e R
1000 1500 2000 2500 3000 3500 4000
1000 2000 3000 4000
expdur
logNO2 wversus Exposure Duration (Days)
;,nfo = marble new/old
o o wa S i R T T T T——
i =
i +
i i -
]"_ -
i i =
i i -

[



2.0

logNO3

oo =
I

1.2

.80

1953
.152
.001

“Plot 3.
Symbols:

log

+HEIEZEZZEZEZE

+EEER LR

i i i
ii i i
& 3
n i*n i
in **i ni
*n i** n
i i
L LA B n
* iio i
!'n *1* i
i - - % T
* inn** i
*n n*l*l in
kpy jkEFE Ry
*1 ni—*it * %
*n n*ii* *
hw kW de kg
*i i** o i
deodr ool o n
kw hkEkk o ok
*1 il-i-

L L n
r i
* *
+ i
L i*i’i‘l
* % & & *
L L L
*
L
*
..... S
500

i
i in i n
i in * n n
ini * i
iii * l n*
i ** 4 l in
*n%* n* * n
i *ii ii * i
* 43131 *3 * n
n. oqe 4w had i
i *ii o i
n in i *
*n in* * ni i
n n* * v i
n ni-i- * * &
n!r * i*i & nn *
et : Gt *nn i
n* n # k3 ni W
‘l’n n e i e o
Tmin*™ *non
in n *
*n n i
i
i i
n
o W 1 n W
#* *
i
I A
P T i BT TR TR I
1000 1500 2000
expdur

*

lo
111
*]
ali

[
He e e S

D*i *
LB n

1

saFaeaa

2500

ol = |

[*H

* 3

sata s

3000

logChlorine versus Exposure Duration (Days)
i/l= lime new/old; ,n/o

i |

[PO ™ I N W SR I Ry I W R N

EEEZEEEE=E

ii
p B

fete e fudn
"

ii
ii

He s e

1li

ii*l
jwin
W o
*1*

*3 i*1i1
*i i****

[T

-

e e s

a e

-

e e i e

an

marble new/old

Fowunn A C S T S
i
i
i
i
n
in ii 1
iin
i 1
iii  *i 1
e i 1 i
o ® 1
ii i LA A | 1
w i* L ii l w
ii i * ni 11
*ini ii LA I L. i

ooy

n

s at.
3500

a2 a

TR N TRy

H ok o % o+ % % ¥ 5

e



Chleorine

1.2

.80

.40

1953
-.048
.035
“Plot 4.

Symbols:

0 m=
Il

log
Fluorine

1.2

.BO

H & *i*nt *i n nw 1 % & &
- W &% & & n ii i -
Y L8 *ﬂ'*ni *n & n njn
i ni *t—i o o in i
Mninn ©nn *nn n
- n n nnn n
Mnn i**n nn *ni *nn
- nn *o n n
- nm no nn
+ N n n
Mn n*en n *nn*n
Mn *n nn n
-n n n

n n n
S n
- n
I . I +iu

0 500 1000 1500

woanFaauaas

* -

=]

2000

expdur

11

lo
1li

11

loi
lo

o

2500

3000

logFluorine versus Exposure Duration (Days)

i/l= lime new/old; ,n/o = marble new/old
S SR (RN e N i SHpE e TR T o
+
- i
- o n
4+ 1 n n o
- 1 n n * nn
M o als] n
M nn n n 1
- 11 1 n in nn n n lo
M lln* n * **pn * 1l n
M llnl n * n* i ni
M 1*i n* i iin nn 1 ot
M *1*on 1 in i 1 1
Mi *1 1 in * ii * 1i i
- n **no i i i * 4 i 11
Mi *nil in i v i 11 i
M * Tkde *j iii i L . U § 1 i
M i **jil i n ii % -1 1ii 1
+ 1 kkd] *3 iiin ii * i 11 i
- i n*l ii*i 1 * i 11
-1 n**3i 1 i 1i4i i * i1

* _-i_* ii W
- %j wwif i iii i+i * ii 1 » i
e R ii i " i 11
- ii  ww
M * i ii

iw
i
ii *
j_ o
W
n n
nn *
n
n
n n
...... Y SRR
3500 4000
A L o
n n
n n
n
i
i
i
i
i
i
i
i
i
j_ o

[ T |



.40

T

M ** kkik 4 *hkjh k3§ * * i i * %*

M * ** * n * ok * & * *

- kE iq-i- n &* +*

- = n 1 n

H * n w n * &

- n n n

- n

+ n n nn

kL ForersaeFoioean s L T o e s TR +.

0 500 1000 1500 2000 2500 3000 3500 4000
expdur

log504 versus Layer (ABCUVWXYZ = 123456789)
i/l= lime new/old; ,n/o = marble new/old

i e W e e e Fo s ek Fonnind S S S,
- i
= &
-y 1 &
- &
+ 1 1 1 s
. 1 l -
-1 1 1 1 -
= 1 1 io
-1 1 1 1 e
- 1 1 i i+
-1 1 1 1 wk
-1 1 - %
+ 1 1 1 i ik
Z o * i*
-1 io 1 * i ik
i o W in o
-1 i X i * &
-1 n 1 * i iw
-1 in * io i *
- *n i *o i *n
+ in il * 1* i in
- i 1 i#* ek i in
-1 * 1 io i *w in in
-1 *n lo i i i* in *n
- lo i* i L] *0 i in n
- lo L i * *n i i * in in
- o * % i * i i i i= in in
-1 *® i * io i i i* in in
+ i in i * * * i *
- o W i a* * * n in
- ik 1 Ll n in
- o i n *n n % n n
Y o * n n n n

- * n n n n n

- n n n n n

- * n n * n



w2

.90

2019
.609
.001

"Plot 6.
Symbols:

2.0

loghO3

=

.B0

2018
.531

n n n *
n n n
n n
I DU, (RN ST
o 1 2 3 4

layer

logNO3 wversus Layver (ABCUVWXYZ = 123456789)
i/l= lime new/old; ,n/o =

R TR SRR R SR
1
lo
1*
i* a]
1 *0
1l *l i 1
1 I
lo A% i o
1 in n o
lo in
1l it i
1l i3 1
la * % in 1
lo b in i
*n in in
i+ in i
o e in W
i* in * &
o P & in #
1 in i 1
in in in in
in in in
in in in
T T
0 1 2 3

He He e P

o

[
=%
i i S S T e

marble new/old

.

. fuin

n n
Frwnn e
9
Fo T e
i
i i
i
1 1
i i
i
i o*
i i
i i
i i
i in
i *n
*n
i & d
i *n
i i
i L
i L
_-|"_ L
i W
i in
i ix
n a W
in in
in & %
_-i_n oW
in * 4
in i*
in * %
in o
in in
i i
in e
i 1
in *n
in i
in in
in i
n i
n 1n
FriveneFeana
8 9



P < .001
"Plot 7.

Symbols:

lof

Chlorine

1.2

.80

.40

2019
.25%
.001
“Plot 2.
Svmbols:

B
AW

logChloine wersus Layer (ABCUVWXYZ = 123456789)
ifl= lime new/old; ,n/o =

2 E AT NN TEeRr R
i
i
i
i
i
i
i
1
*
i 1 i
i ® *
i * *
i * *
i *0 *
in x
i i
in io i
i 1
*D irg
1n 1n
n *n in
o
I
n I
n n
n #* *
n n
n n
n n
. Fwwnn Fannaat
2 3 4
layer

logFluorine versus Layer (ABCUVWXYZ =
i/l= lime new/old; ,n/o =

marble new/old

marble new/old

ST R
i
i
i
i
i
in
i
i
+*
*
W
i *
w*
i
i *
*o
i *
i*
i iw
it—
*n
I
W
I
n
n
i*
I
I
. REN T W ot
6 7
123456789)
+ Fuwivsa

e e e e o o SR ol o S S

e
=] =]

f= = = = = =

e =]

1+ 1 #

I



2.0
-1
-1
- 1 1
-1 1
-1 1
1.6 + 1 1
-1
-1 1 1
log - 1 1
Flucrine - 1 1
=1 1n 1 » i
- 1 W L i
1.2 + *n "
e * 1 1
- i* 1 *
-1 lo i
- i i i i
— J‘_ - *
- i i i 1
.80 o in i i
- W & % in *n L]
- i i i * & & i
H in &
¥
- in n n
A0+ * in in in
- n n n
0.0 n n n
PR ST , E PR IR B
0 1 2 3 4 5
N = 2019
R = .425 layer
P =< 001
“Table 9. Analysis of Covariance for Anions
SOURCE SUM SQUARES DF MEAN SQUARE
COEF
log 504
rocktype 109.83454 1 109.83454
conditon 31.23378 1 31.23378
ro 4.44B23 1 4.44823
expdur 14.36969 1 14.36969
0.0309
layer 797.21355 1 T797.21355%
0.1960
ALL COVARIATES B27.07645 2 413.53822
ERROR B48.22279 1971 0.43035
log NO3
rocktype 2.66771 1 2.66771
conditeon 0.42649 1 0.42649
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rc 0.03751 1 0.03751 0.24 0.6246
expdur T.42606 1 7.42606 47.42 0.0000
0.0222
layer 130.99377 1 130.99377 836.51 0.0000
0.07585
ALL COVARIATES 142 .59257 2 T71.29629 455,29 0.0000
ERROR 308.64812 1971 0.15659
log Chlorine
rocktype 58.04502 1 58.04502 795.50 0.0000
conditon 0.05250 1 0.05250 0.72 0.3964
rc 0.12372 1 0.12372 1.70 0.1930
expdur 0.81101 1 0.81101 11.11 0.0009
0.0073
layer 27.89851 1 27.89851 382.35 0.0000
0.0367
ALL COVARIATES 28.24686 2 14.12343 193.56 0.0000
ERROR 143 .B1678 1971 0.07297
log Fluorine
rocktype 18.43261 1 18.43261 157.24 0.0000
conditon 12.85531 1 12.85531 109.67 0.0000
rc 0.20248 1 0.20248 1.73 0.1889
expdur 6.52570 1 6.52570 55.67 0.0000
0.0208
layer 72.41672 1l T2.41672 617.77 0.0000
0.0591
ALL COVARIATES Bl.78964 2 40.89482 348.86 0.0000
ERROR 231.04613 1971 0.11722
Table 10. Correlations of Log Anions
logsSo4d loghOo3 logChlor
logNo3 s
logChlor .61 .60
logFluor .74 .55 .52
“Plot 9. logNO3 versus logS0$S
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P < .001
"Plot 13. logFlucrine versus logNO3
Symbols: i/l= lime new/cld; ,n/o = marble new/old
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"Plot 14. logFluorine versus logChlorine
Symbols: i/l= lime new/old; ,n/c = marble new/old
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“Table 11. Summary
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Fe
Limestone
Marble

Sr
Limestone
Marble

Zn
Limestone
Marble

285
277
296

191
213
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6.6
10.1
2.2
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16
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29
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18

5.3
4.3
2.5

150 -1.
190 -1.
210 -1.
109 -2.
109 -6.
130 -1.
1 =1.
5 -1.
1 -0.

Z is number of standard deviations
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48

from means
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21

4.14
4.36
3.83
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1.11
3.58
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DESCRI PTI ON AND ANALYSI S OF NAPAP
BRI QUETTE SURFACE CHEM STRY FI LES
(Conprising data from 1984 to 1995)

Terry J. Reedy
Stati stician/ Consul t ant
Cct ober 1998

1. EXECUTI VE SUMVARY

From 1984 to 1995, NAPAP researchers exposed |inestone and marble briquettes to
weat hering for nmonths to years at several different Sites. They sanpled the
briquettes and analyzed nultiple |ayers for anion content (sulfate SO, nitrate
N3, chlorine O, and fluorine F). In the first four years. they analyzed a subset
of samples for fifteen cations (My, A, Cd, M1, Ba, Be, Ni, Pb, Co, Cr, Cu, Fe, Sr
V. and Zn). They conpiled the results into several BSC (briquette surface

chem stry) data files and docunented the data-field formats thereof both in table
headers and in separate files.

In July of 1998 | received nineteen BSC files as emnil attachnments: three format
files (and two duplicates) describing the fields in the data files, twelve anion
data files (four nmaterial types tines three project cycles), and two cation data
files (fromthe first cycle, and which were re-sent separately in Septenber). In
exam ning these files, | have verified and extended their format descriptions,
transformed all to a common physical format, conmbined the fourteen date files into
two master files, slightly nodified (recoded) and reordered identification data,
and done prelimnary anal yses of the neasured data.

For this study, the outdoor treatnment units are the briquettes while the |aboratory
anal ytical units are the layers sanpled fromeach briquette. The data files reflect
this hierarchical structure. Each line, representing a |ayer, has a briquette arid
layer id; treatnent fields describing the rock type and condition, exposure site
and rack slot, and exposure period; and analytical fields giving values for either
the four anions or fifteen cations and indicating which are bel ow detection limts.
The briquette treatnent fields are duplicated for each |ayer of a given briquette.

Proper statistical analysis nmust also reflect this two-level structure. This is

i npeded in this study by the diversity of layers sanpled for different briquettes.
(There are sixteen different patterns, not counting sone of the control blocks.) On
the other hand, there are essentially no missing data. Overall, the data are in
good shape for statistical analysis after the few changes | nade. The di sk
acconpanying this report contains the ready-to-analyze anion and cation files.
There are three versions to neet the differing input needs of different prograns.

Lacki ng exi sting anal yses to review, | perforned some nyself. The report text and
tabl es tabulate the briquette treatnent variabl es and the bel ow detection

i ndicators for layers for both the anion and cation files Hi stograns, plots. and
anal yses of covariance show t he followi ng about the overall relationship between
treatment arid anion content: rock type (linestone versus marble), exposure tine,
and | ayer selected all affect each of the anions; condition (fresh versus

weat hered) affects S04 and Fl uori ne.

There are two directions to go for further analyses. One is to exam ne subsets of
data to answer specific questions. The other is to augnent the current data with
ot her information.

2. DATA FI ELDS AND RECORDS
Page 1
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1. EXECUTI VE SUMVARY

From 1984 to 1995, NAPAP researchers exposed |inestone and marble briquettes to
weat hering for nmonths to years at several different sites. They sanpled the
briquettes and analyzed multiple |layers for anion content (sulfate SO4, nitrate
N3, chlorine O, and fluorine F). In the first four years, they analyzed a subset
of sanples for fifteen cations (My, Al, Cd, M1, Ba, Be, Ni, Pb, Co. Cr, Cu, Fe, Sr
V. and Zn). They conpiled the results into several BSC (briquette surface

chem stry) data files and docunented the data-field formats thereof both in table
headers and in separate files.

In July of 1998 | received nineteen BSC files as enail attachnments: three fornmat
files (and two duplicates) describing the fields in the data files, twelve anion
data files (four material types tines three project cycles) , and two cation data
files (fromthe first cycle, and which were re-sent separately in Septenber). In
exam ning these files, | have verified and extended their format descriptions,
transformed all to a common physical fornmat, combined the fourteen date files into
two master files, slightly nodified (recoded) and reordered identification data,
and done prelimnary anal yses of the neasured data.

For this study, the outdoor treatnment units are the briquettes while the |aboratory
anal ytical units are the layers sanpled fromeach briquette. The data files reflect
this hierarchical structure. Each line, representing a |layer, has a briquette and
layer id; treatnent fields describing the rock type and condition, exposure site
and rack slot, and exposure period; and analytical fields giving values for either
the four anions or fifteen cations and indicating which are bel ow detection limts.
The briquette treatnent fields are duplicated for each |ayer of a given briquette.

Proper statistical analysis must also reflect this two-level structure. This is

i npeded in this study by the diversity of layers sanpled for different briquettes.
(There are sixteen different patterns, not counting sone of the control blocks ).
On the other hand, there are essentially no mssing data. Overall, the data are in
good shape for statistical analysis after the few changes | nade. The di sk
acconpanying this report contains the ready-to-analyze anion and cation files.
There are three versions to nmeet the differing input needs of different prograns.

Lacki ng exi sting anal yses to review, | perforned sone nyself. The report text and
tabl es tabulate the briquette treatnent variables and the bel ow detection

i ndicators for layers for both the anion and cation files. Histograns, plots, and
anal yses of covariance show the follow ng about the overall relationship between

treatment and anion content: rock type (limestone versus marble), exposure tine,

and | ayer selected all affect each of the anions; condition (fresh versus

weat hered) affects SO4 and Fl uori ne.

There are two directions to go for further analyses. One is to exam ne subsets of

data to answer specific questions. The other is to augnent the current data with
ot her information.
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