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Abstract

13ry atmospheric deposition eontributes a signilicunt amount of phosphorus (o the Hverglades of South Florida.
Muasurement of this deposition is problematic, hecause samples olten are gontaminated Lo varying deprees by bird
droppings und other foreign materials. This study attempred to deteet and remaove the outliers in phosphorus (1) flux
cates measured [rom dev deposition samples. Visual inspection of the samples, tevorded in field notes, [ound that 3001%
of the samples conlained animal droppings and (rogs, Some of the samples with droppings and frogs (2.3%) had P values
preater than &84 pg Pm *d™' [a value twice the standard deviation of the raw dula mean). and were removed [rom
{urther analysis. Qutlier detection statistics based on a lincar regression were then used lor additional data screening.
Eight stations in the network of 19 were removed because high contamination precluded the use of the regression model.
Of the remaining samples, 15.7% were identified (hrough the repression procedure as contaminated and were removed.

The 11 station mean far 1Y dry deposition was 85K £ 790 pzPm *d ' prior to the regression unalysis, and
745 1 751 pr P~ * ™" afrer ramoval. Published by Llsevier Science Lid.

Kevwords: Almospheric deposition: Sample conramination; Guvironmental statisties; Linear regression; Quality control, Bird dropping,

1. Iniroduction

Anthropogenic phosphorus {P) Ivads ro the Everglades
of South Florida have resulied in significant changes o
this olipatrophic ceasysien (Davis, 1994). As a result, Lhe
Stute of Vlorida enacted a program Lo reduce 1 loading
to the Evergludes through a serics of besl mng gement
practices and large constructed wetlands known us storm
warer treatment areus (Staie of Florida, 1994). To mun-
ape these [ loads, securale monitoring and analysts are
tequirzel of both controllable und non-controllable sour-
ces. Im Soutln oeida, where masl wiler bodies are large
and shallow. stmospheric deposition, 4 non-controllahle
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source, is a signilicant contributor of P (Redleld, 199%).
Therelore, the South Florida Water Managemenl Dhs-
(rict (IYatrict) has heen collecting wet/dry deposilion
sumples in the region since 1947 As contraolkable loads
[rom apricultural regions are reduced, atmospheric de-
position will bacame cven more significant.
Atmaospheric deposition is commonly sampled in two
separate forms: wel (rainfall) and dry (dustlall). Tech-
nigues for estimating Jry deposition include methods of:
micrometeorology; surlace accumulation; throughlall;
walershed mass halance; and inferential technigue (Cris-
marn ¢t al, 1994). The Distriet hus vsed (e sueface accu.
mulation method based on dry buckels Lo measure dry
atmoaphcric deposiliom. The dry bucket method s
simple, inexpensive, and, thercfore, communly used in
field. In particular, (this method is uselul [or measuring
deposition of large parlicles (1 licks, 1986; Ensman el al.
1994), Since I* is primarily associared with puarticles
greater thun 2 o in diameter (Grahum ancl 1duce, 1982;

(W RE -36Y



3124 IT Alm, RV James [ Atmospheric Environmenr 33 (1909) 51235131

Luwson and Winchester, 1579), the dry bucket may he
adeguate samplers ol P Jry deposition.

Because mest of the monitloring sites are located ar or
near marshes, conlaminglion of dry deposition samples
is very common. The major sources of conlumination
are rd droppings, body parts ol insecls and animals,
dirl  and dust, ash, and vegelalion dehris. These
comlaminants result in postively  binsed 1* values,
which in turn bias the computation of sammary statistics
of the I loads,

Many sovrees contribure to dry deposilion. These in-
clude & combination of oceanic acrosols, agricultural
praclices, burning, scil erogion, industrial and automo-
bile pollution, vepetation, vic. (Redficld, 199%). 'Two con-
cerns exist wilh thuse potential sources of contamination.
The firsl coneern is the origin of e conlamination. If it is
rom inside the area of interest, then il is 4 contamination
source, such as localized dusi, [rogs, bird droppinps,
vegelation, insects. I il is Irom outside the area of inter-
esl, such as some ashy, dusts und vegetation dabris, Lhen it
15 a lrue purl of the dry atmospherivc deposition. Tt is
aimuosl impossible to determine (he origing of these ma-
Lerials, The sccond congern is Lthe impact that these sowr-
ces may have on the eslimales of T loads. If they add
large amounts of P (such as bird droppings) then they
tend to bius Lthe cstimate. I they add very little T (such as
insecl parts) then there is no contamination problem. The
dilficulty is ta remove the bius (noise) while retaining the
stpmal,

This study presents a methodology to detect the out-
licrs in the data lur cslimating the 1P flyx cales (Tom
armospheric deposition. This two-slep approach iden-
tilies outliers of 1" flux in Jdry deposition samples by
identification of contaminated samples through fisld note
observations followed by u stutistical analyaiz of e Jula
using an appraprigte regression technique, As fur us the
authors know, this 15 the firsl applicalion of this tech-
nigque for aumospheric dry deposition, This technique
should be applicable to any almospheric deposition
measurement propram, beciuse il is a stadstically valid
rethod thut can be nsed (o remove extreme values fram
any data ser.

f.1 Outlier detecrion technigues

Quthiers arc data thar appear (o deviale markedly from
olher members of the sample group in which they veeur
(Beckman and Cook, 1983; Barnetr and Lewiy, 1984). In
relation 1o stutistical analyses, Rewssecuw and van
Zomeren (199) delined outliers as observalions that
deviate from the exlimates by a statistical model suggcs-
red by the mujority of a dara set, The latter definition
implies thal, in order 10 detect outliers, 1 statistical model
cun be used to deline the residuals between obsgrvation
and estimavion, und Lhe residuals can then be used to
indicare aberranl duta.

Thure are 4 variety of statistical methods [or detecting
oullicrs {Barnett and |.ewis, 1984; Beckman and Cook,
1953). Onc method is o sel an oullier bound at eithar
two- or thrge-standard deviations from the mean, How-
ever, with o limited number of samples, as is the case In
st environmental monitaring, pood extimales of popu-
lation statistics cannor he oblained and the reliability of
this simple method 8 wngerlain, Statistical modeling ap-
proaches are morg promising lor detecting outliers than
methods thal rely on population stanisrcs.

Slatistical modeling mathods include linear regression
(Beckman und Coolc, 1983), multivariate analysis {Rous-
secuw and Van Zomeren, 19490), and time series analysjs
{Beckman and Cook, 1983; Tiwari and [ienas, 1994).
The multivariale method is not adopted here becanse
24% ol the I* deposition samples ure tandomly misaing.
These missing samples raduce 1he number of paired darta
sels, reducing the power ol (his technique. Preliminary
analysis revealed a weak serial correlation of these P de-
position data sels, making the time series anulysis also
inapproprisle for the data. Thus, only lincar regression
methods were considerad here,

The [incar repression approach derects oudliers by
[orming a clean subset of data that eontaing no outlicrs,
firting the regression for the clean subset, and testing for
outliers relative to the clean subscl based on tesr aratis-
tics, In this approach, (he Studentized residuals are olien
used to test multiple outliers (Beckman and Cook, 1083),
Finding a clean subsel [rom d given data set is nol irivial,
The clean subset should prodoce, among all possible
sihserts, the smallest residval sum of squares. To find the
clean subsct having a size o | [rom a sample data sel
huving asize of a, it 18 necessary to fit a repression model
Lo cach of the () possible subscts (where (1) is the number
af combinartons) and Lo And the minimyum residual sum
of squares, This method requires extensive compurations
that may not be feasible [or 4 large n.

Three approaches are commonly available for finding
a cledn subser more effectively: 4 random search algo-
rilhm (Rousseeuw and van Zomeren, 1990)); a forward
scarch algorithim (1udi and Simonoff, 1993; Atkinson,
1984)  and a sophisticated elemental set algorithm (Haw-
kinx und Simonoff, 1993}, The [orward scarch algorithm
suggested by Hadi and Simonoll {1993) was used here
sine 10 1s relatively simple and eMcient computationally
lor Anding a clean subscl (Atkinson, 19494).

To inrroduce Hadi and Simonof™s Studentized resid-
aal, l21 us axsume that a dara set having a size of n is fitted
by & simple regression maocdel ys

Y=Xf+¢ (1

where ¥ is an n-yector of responses, X is an (r = &) matrix
representing & explanatory variables with a rank of
k = n, Bis a k-vector of repression parameters, and resig-
uals @ is & Gaussian random noise vectar of size 7 with
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N(D,c%). The least squares estimares of Lhe para-
meters are then given by A=(X"X)"'X"Y and
al = ¢Tef(n — k), espectively, where ()7 denotes a maurix
lranspose. A clean subsct M 15 assumed where X, and
Yy are the components in M, and fi,, and a3, are the
corresponding regression parameters and residual vari-
ange, respectively, A Studentized residudl dii = k. ..., 1)
for M is then delined (Hadi and Son, 1990) as

di = Difosy = 1¥i — x{ Bual Tom/ 1+ XTXGX )™ 2],
if e M,
= |yi — xTBadl/Lone /T + xFXSX )" %0, Wi ¢ M.
(2)

(v particular, d; for i¢ A i3 the scaled pradiclion error
relative 10 the subset AL Because d, [ollows a Student
t distribution, outlicrs in Y arc tested with the statistics
Foizi+ 11— Where a/[2(0 | 1)] is the probability lavel and
(I - kyis the degree of freedam. For given data sorted in
order of increasing magnitudes, all observations where
i F fyzue .- ATC considered outliers.

The overall Hadi and Simonoff method is based on
a forward search algorithm conzisting of {wa sizps:

(L} FMod  an imilial  elean subsel M ol size
h=m+k—1)2 That iz, lor j=k+1,.._ h, fit
a regression model to the subser B of size j; com-
pule dfi=1,..., 0k drranpe x(i =1, ..., ®) In as
cending order of d,.

(2) Forj=h+1,..., 5 fit a rcgression to the subaet
A of size j; compure di(i — h + 1,..., 1) by Lq. (20
arrange x(f = + L. ..., plin aseending order of dy;
M d; 7ttt 10— declare all observations satislys
ing this condition as outliers and stop the compu-
tation, or otherwisc, form a new subset of sizej | 1
by taking the ordered x),, untilj | | = a

In this approach, the signilieance level o is the only
constant {lurning puint) Lo input prior to analysis.

2 Materials and methods
21 Dara collecrion

The Dhstrict iniiated its uslmespheric deposition
maonitoring program in 1974 by installing four bulk (both
wet and dryd rainfall samplers near Take Okeechobes
and WCA | aveas. The momitoring program was signili-
cantly improved in 1987 by deploying wet/dry collectors
(Acrochem Muetnies Model 301 automalic wet/dry sam-
plers) and adopting a standard operating procedure for
data collaction and processing in avcordance wilh recom-
mendations ol the Nalional Atmospheric Deposition
Program {(Bigclow and Dossctt, 1985; NMADT, 1926).

Area Map
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T 1. Locaion map showing the atmosphernc deposilion
moniloring sites operated by the South Flornda Water Manape-
ment Thstricl, where WA slands Jor waler conservalion area.

Currently, there are 18 moenitoring sites with one repli-
cate sampling site (RCE2) operated Ly the District (Fig. 1)
[tom which wel and dry samples are collected separacely
to estimate atmospheric deposilion rales, particularly lor
nutricnts. This study sclected (he dala collected Irom
T Aprl 1992 to 22 October 1996, but the actual record
lengths vary from site to site owing to periodic expansion
of the monitoring program {Table 1).

The Aerochem wet/dry collectors were placed on | m
high tubles al cach sile. A movahble hd operated by
a moisture zensor plale was designed so that the lid
moves over and covers the dry buckel when il 1s raiming,
and ¢overs the wet bucket when it is not raining, to
prevenl cvaporation. The Aerochern buckat opening had
un urea of 0.0647 m? und o height of 0.25 m. Both wel and
dry deposition samples were collected al weekly lime
intervals,

To sample dry deposilion, the sumple buckel was in-
apected in the fizld for contamination and some sources
of contarination {e.p. insect and insect paris, amphi-
bians, and reptliles) wers removed Dby hand using
tweezers, Any  visible conlamination was  identified
according to 39 possible contamination sources. Then, 11
ol deionized water was added to ringe the sides of the
buckel. The bucket wus rubbed with a precleaned plastic
spatula, Each waler sample was placed nlo mulliple
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Frequency wble of visually observed conmaminated and uncontaminated dry deposition samples taken from rhe Districc's Bainfall

Sampling Metwork [rom & April 1991 w 22 QOclober 1996

Huuliom 1are of firgt Mo gontamination Single contamination Multiple Total number
colleered sample contaminghons of samplos
Nurniber Tercent Nurnber Percent MNumber Pervent
R Q7793 55 354 14 a2 53 340 152
RGZ2 O4/07/93 b 374 12 7.9 52 34,2 152
LNPRC 11717787 27 R 47 354 av 415 131
CNRIOI® 03,23/94 { 0.0 20 244 62 75.0 82
ENR203" 01711794 0 0.0 18 214 46 7E.6 B4
LN RADT 03,22/94 {) 0.0 17 20,2 TG Tin 103
LM R401 12477/93 {) 0.1} L3 1.2 A wLE 44
MR 3730 /92 11 4.7 6l 261 162 64,2 23
GGt 02:4017,/93 0 0.0 q 225 n 77.5 40
La7A 11,2195 11 297 16 432 10 7.0 A7
Lo L1/16/95 3 7.5 19 47.5 18 45.0 40
OKFEEFS 1124787 47 258 a4 24.2 91 30,40 182
s1ar Q9377493 q 0.0 16 242 50 Tk 66
5131 (7/93 102 n4.0 12 #0 36 1440 150
5140 06/26/89 76 14.5 72 40).2 ¥l 45.3 171
3308” 08 ,059/94 { 0.0 a 0.0 13 1000 13
5310 (O%/7/493 23 574 3 146 39 2R3 137
S65A° (925789 ] 0.4 33 2.4 120) Th.d 153
57 12,05/8% 18 8.2 A5 REES 117 532 220
Total 3 234 518 032 1170 3.2 20194

“I2ara [rom these sations are dropped for further analvais.

175 ml botles und weidificd with a 50% reagent-grade
solullon of HaS8C, Lo g pH less than 2. The bottles were
stored on ice and returned (o the District laboratory
within a [ew hours. At the laboratory, samples were
digested with persulfare and I concentration was delgr-
mined colorimelricully (USCPA, 1979) Qualily assur-
ance and qualily conitrol were perfonmed in accordance
wilth Distriel slandards (SFWMD, 1996). The T depos-
ition (PDEP) rate (pg Pm~™2*d™') was then determined
as

LP1V

PLEP -
0.06474°

(]
wheve [1'] is the [* concentrarion in the sample (pgl ),
I is the volume of water collecled (D, 0.0647 15 the arca of
the bucket (m?). and o is the number ol days the buckel
wis deploved,

220 Outlier dedection
A preliminary step in removing oulliers involved

sereening the samples wxing deseriptions provided in [eld
notes, expecially those samples witl visual deseriplions of

gross contaminatiaon. These samples were flagped and if
their I* values exceeded two standard deviations from the
mean of all samples, they were discarded. This provided
a hinary decision of whether each sample was contlam-
inated for a given contumination category. Additional
sercering was performed using the Hadi and Simonoff
approdach, described helow, to detect outliers and 1o
remove samples contaminated by sourees that were not
flapoed by visible inspection,

To identily the outlicrs in 4 dala set ¥ lrom g given site,
the P duta from nearby sites were used to determine
a independent (explanatory) variable X. Before applying
the Hudi and Simonoff approach, the dependent variable
fvi,i=1,..., N} for cach site was divided inco two sub-
sers: a complere dara ser Yoo — i, 0 — 1, ..., N [or which
the corresponding explanatory variable x; is available, or
an incomplele daty sel Y=y, i =1, ... N, for which
X; 15 missing, where N = N + N)) is the sample size of
Y. Then, a linear regression mode] of
yi=a+bx; lori=1,... Ng {4}
was applicd (o the complete data sct where @ and b arc
the reyression paramcters. Due to the large namber of
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missing data chat oecurred rundomly, N was commonly
Icss than N. To increase N, 1-4 explanatory sites were
chosen hased on Lhe distunce hetween sites, perinds of
reword, and the number of missing data, An average
ef the T values measured coneurrently [tom the scl-
ceted explanarory sites was then taken as an independent
variahle.

3. Results

The 3% distinct conlaminalion sources were assigned
one of six categories (unimul droppings and frogs, dir
and dust, veeelalion, inscets and reptiles, ash, and miscel-
luncous) (Table 2). Omly 511 of the 2199 samples showed
na visilile sipns ol contamination (Table 1), These 511
samples ware found ul 11 ol the 19 stutions. Multiple
contaminations ol samples were very common. A toral of
I8 cases of single and 1170 multiple contaminarion
Cises were recorded.

Because of multiple contaminations there were 3203
observed sample conluminalions in the 2199 samples
(Tahle 2). Of the 1otal observed contaminations, the most
commoen were dirl and dust which comprised 35.9% of
observations and werg Tound in 52.3% of ull swmples.
This was followed by inscets and insect body parts
(23.8% of observalions, 37.8% of samples), and animal
droppines (20.6% of observations and 30.1% of samples).
Ash, miscellancous, and vegetation made up less than
L84 ul the observations and were fouad in less than 26%
of the sanmiples,

Preliminary inspection of the uncensored P datu
showed o number of hiph values ([ur  instance,
Prob.{P = 1000 pg 1P m” id 1} = 4%, [Fle. 2} thul were
assumed to he contamingred since nalural deposition
processes are unlikely (0 yield such high concentrarions.
Summury statistics of 1* deposition then were compuled
[or cuch contamination category (data nol shown), No
relalionships between [* and contamination calegory
could be detected because of high variability of contumi-
natien and multiple contamination sources in o sample.
Conscquently, salvaping the contuminsled duta by scpar.
ating the e atmospheric deposilion component and
contaminarion component wus not possible.

Animal droppings and [rogs were the mosr significant
conlamination source: the mean 1Y value was 4486 +
15010 pg Pm~ " d ™' Contribulions [tom the other cat-
cgorics were relatively small, Samples thul were con-
taminated by animal droppings uand [rogs with the
F value greater than B4 pgPm “d ! (a valuc two
standard deviations from the mean of uncensored T data)
were therelore climinated from further analysis (1'able 3).
Rased on this Orst step, 2.3% of the data were eliminaled,
Although most of the high * depasition data were offecs
tively removed using 1his upproach, there were still un-
reasonably high P values remaining.
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Fig. 2. Frequency distribulions of raw dry deposition [* data
(2199 data points) [rom 19 munilening siles belote removing
ontliers, witll the best fiteed linear regression line. fote: The datg
less than the method derecrion limit (MDL) of 8.8 pg Pm =2 d~!
were assipmed u value of MIIL/Z for plotting purpuose.
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Fig, 3. Box and whisker plot of dry depozition P values from 19
siees in Souch Flovida, The solid line represen(s the mean at cach
site, while the middle, botom and top edges of euch hox wre the
median, 25th andd 75th peregntiles. and the Bollom and Lop of
whiskers are the luw and high extromes, respocrively.

Of the 1% siles, only 11 sites were analyred further
hecause the dalx [Tom (he other cight sites (Tahle 1) had
high rales of contamination (Fig. 3) resulting in failure of
the Tladi and Simonoll approach due to unusually low
compured J; values. For cach site, the Flad aod Simonoll
uppronch was applied to the complele data set, from
which outliers and a site-specilic cutoll value were deter-
mined based on [he (-sLlaisies fa+ 1,0 - 5 The site-speci-
fic cutoll value wus then used to identify the onliers in an
incomplele duata sct Y,
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Summary of nutlier detection far 1614 dry P depositian samples [rom 11 srations

5129

Stalion name

Mumber ol detocred nuthers

Mumber of sumpleg Ousher bound  Mean

aller removing

(ppPm *d47Y) (pelm *d°

‘)

Standard deviation
(e Tm *d™')

Ficld notes* Sratistical outliers
approach

H [ 22 124 = 435 R3.6 91.0
RG2 7 18 127 = 212 797 Ro 1
TNTPRC 5 32 04 = 627 69.2 B&0
TNR ] 15 216 = 186 893 826
LaTn Q B 29 =46 178 114
La ] 7 33 = 230 60.6 514
QK FKELTS ) 34 134 = 488 %5.5 474
S13 3 6 119 = 400 01.1 R20
5140 1 36 142 = M¥7 T4.5 779
5310 0 25 112 = 335 QZ2.1 77.4
57 0 il Lg% = 21 77.3 HE4
Hum 37 254 1443

(2.3%) {15.7%) (R2.0%0)
Mean = 350 T4.8 75.1
Mean before stalislical outlicr :Ictu.Lmn BaY 79.0

*Inchudes aamp]cs contaminated with bird droppings ar frogs it P value = #8d ppPm #d”

P ([ pg m-2d-1]

P € g motd)

Btudent{zed  Residual d4

1]
Jcll""‘- * —| - .
100
W=
[ B | | L Lty
6 810 B g
1000 '
* ' &y -
wi""
100
0E
i
|11r|‘_|_|_ 1||||||||_Il.‘|llllEII.J_IJ.
B . | 10 12 0 B I 1k 20

Studentized Residual d |

Fig. 4. Hxumples of outlier deteclion far the selecled sites. where outliers are the right-hand-side dala points (+) along the vertical
reference {cutoff] line which represents the r-value for 2 = {101

To assess the perlotmance of the Hadi and Simonoff
approuch, the estimated o, versus I value was plotted for
four arbitrarly selected sites (although all sites showed
nearly idenlical patterns) (Fig. 4). Since the dula in each

plot are for the complete data sct having a size of Ne, the
number ol outliers displayed in each ploc is less than the
cowresponding mumber for the total number of samples
N {lable 3). For instance, al #te BG1, only six outlicrs
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are displayed M there are 22 detected oudiery il we
consider both the ¥ und ¥ data sels. The resiulis ol our
ourlier detection are not sensitive (o the cholce of sig-
nificance level o This insensitivily is attribured to (he
signilicantly large values of outliers comparcd to the
non-contaringled samples, Beeause ol these distinet
differenoes, the results of outlier detection were consislent
regardless of the sumple size and the nunber of deteeted
autliers {although the R? in regression was very low g
most cuses; R* . 0.3-0.7). Tn other wards, the ooodness-
ol-the-lil of 4 repression is not criticul for outlier deieclion.

The cutoff values Tor deteernining outliers vuricd
[rom site to site depending on (he occurrence of data
conlamination (column 3 in Table 3). An averawe of the
distribured ¢utoff values Irom the 11 stalions was
350pg Pm “d™" ilowever. this value wus less reliable
because it was alfecied by the distribution of an oullying
dala ser The cumputed means [or cach sation ringed
from 178 ug Pm™*d" ! al L67A to 92l pg Pm~3d" !
at 8310, The sample mean of dry P deposition fram (he
T ¥lalions was 745+ 755 pg Pm 2d~"

4. Discossinon

An aceurate acoount of T loady i needed 1o ynder-
sland its impact on the Everglades. This account must
include surface loads, cainfall, and dry deposition. T'he
latter is significant, however, contaminalion from bird
droppings, body parls of insects, and miscellaneous de-
bris, as documented here, 13 prablemalic in obtaining
accarate background ruies of dry P deposition. This
probleru is not an isoluted one, and sxtends to almost all
projects  (thal measure almospheric depositdon. The
method employed hers is useful and defensible in ramaoy-
ing the biss of conlumination for mulli-site dara.

Estimates ol P dry deposition range (rom 4 Lo 10 times
that of wel deposition {11icks ct al., 1993), Wet deposition
in sourh Florida, with & mean rainfall ol 1,35 m yr~ ' and
a mean concentration of 106 ug P11 ' (Ahn, [99%) in
rainfall, is estimuled ag 143 mg Pm~*vr 1, Qur ob-
served estimule of dry deposition is 27.3 mg P m ™2 yro !
(calculated Irom “Table 3). Thus, the ratic of our dry
deposivon Lo wet deposilion is 7 ¢ 1, which is lower than
what others have observid,

The totul estimare of wel deposition plus dry depo-
sition, 4l6me Pm 2 yr 7 ie consistent with estimales
from peutaeeretion dati of 355 mg Pm ™2 yr~ 4 (Walker,
1993), and 30mePm™yr ' [rom bulk collectors
throughowr Maorida (Hendry ¢l al, 19813 Bul it is less
than the 933 mg Pm - yr™? determined in the 'Tampa
argu [rom saven bulk colleetors (Dixon et al., 1996), These
comparisons provide a certain level of confidence regard-
ing the Distric’s sampling network, procedures, and the
statistical approach that we have takzn, However, there
15 still 2 large wmount of variability within our own data.

Dry deposition is quite variable both in space (1 Ticks et
al., 1993; Van Bk and Draaijers, 1994; Dixon et al., 1904;
Hendry et al, 1981). und time (1licks ¢t al., 1993). The
latter 18 primarily a result of episodic events and depo-
sition of larger (=2 pm) particles. Both Lhe spalial and
temporal vanability are ulso present in the data from the
Disirier’s network of atmospheric deposition stalions.
The standard deviation of the samples is equivalent
to the meun (after censoring). Also the means ranged
frorm an averape of 178 pg Pm 2d~" ar a remole
station in a marsh arcu of the Cverglades (1.67A) Lo
V2lpgPmT d ! oal 8310 a sile near the town of
Clewiston that is impacted by industrial activity,

As a resull ol datu screening bused on the lwo-step
procedurg, about 18% of the data were identified as
contaminaled and were removed. The pooled mean and
slandard deviation of the dey P data collecled from
Il sites was 748 1 750 pp Pm *d™', and is actually
lower than other estimutes of dry deposition in (e
stale of Florida. Dixon er al. (1996) estimaled
1205 pg Pm 2d ! from the Tumpa area, Tlendry ct al.
(1981) cstimated 131 pe ' m 2d " from four sites in one
urban, two apricultural, and onc seu side area, and Peters
and Keese (1995) measured 194 pg P 2d ! south of
Lake Okeechobee in Muy-June of 1992, Qur lower euli-
mates are most likely o combination of improved licld
obscrvations, sampling methods, and localion of the
samplers in areas thal are further awny from urban
centers, mdustry {such s Lhe phosphate mining induslry
in the Tampa area), and trafic.

A major question regarding dry deposition is how
much is [rom external or background utmospheric de-
position, and how mugh is fram internul or local sources,
This question not only deals with the problem of con-
tamination but also methods of enllecting dry deposilion.
Necause of the relulive simplicity and robusiness ol this
outlier identilication technigue, it should be usefl (or
any dry deposition colleclion method,

5. Smumary

This study ook an observational and statistical “p-
proach lo detect ontliers in the dry deposition 1? samples.
The approach used both licld notes describing the 1ype of
conlamination and outlicr dereclion statistics bused on
a linear regression, In particular, (he study deraonstrated
how a two-phused outlier detection approach can be
applied lor multi-site environmental data, Although s
approach cannod remove all uncertainty from these data,
it did produce o pooled value of 748 pp Pm *d~ ' thal
wis 10% less than the pooled value of prescreened daty
of 858pgPm~*d™". The [urward seurch algorithm
proposed by Hadi and Simonodf (1993) for finding a
clean subsel was fast and robust as was reporred in (he
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previous studies. This approach was not sensitive 1o the
significance level which is the only turning point in the
outlier detection method. This method should be uscful
Lo other studies [or screening dry deposition samples.
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