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Abstract

13ry atmospheric deposition contributes a signilicunt amount of phosphorus o the Fverglades of South Florida.
Meusurement of this deposition is problematie, hecause samples oflen are contaminated Lo varying degrees by bird
droppings und other foreign materials. This study atlempred to deteel and remaove the outliers in phosphorus (17) flux
rates meusured [rom dry deposition samples. Visual inspection of the sumples, reeorded in feld notes, lound that 30.1%
of the samples contained animal droppings and frogs, Some of the samples with droppings and frogs (2.3%) had P values
preater than 884 pg Pm 2 d™" (a value twice the standard deviation of the raw data mean). and were removed [rom
{urther unalysis. Chatlier detection stalistics based on a lincar regression were then used for additional data screening.
Eight stations in (he network of 19 were removed because high contaminalion precluded the use of the regression model.
Of the remaiming samples, 13.7% were identificd (hrough the regression procedure a3 eontaminated and wers removed.
The 11 station mean lor 1* dry deposition was 858 £790pz Pm *d ', prior to the regression analysis, and
74% | 751 pg Pm~* g7 " afrer removal. Published by Llsevier Science Lid.

Kevwords: Almospheric deposition: Sample contamination; Bavironmental statisties; Linzar regtession; Quality econlrol, Bird dropping

1. Introduction source, is a signilicant conteibtar of P (Redlield, [99%).
Therelore, the South Florida Water Managemenl Dis-
Anthropogenic phosphorus (P} Inads ro tha Bverglades (rict (Idistriet) has been collecting wet/dry deposilion
ol South Florida have resulled in significant changes Lo sumples in the region since 1987. As controllable loads
iz olipotrophic ceosystem (Davyis, 1994). As a result, the from agriculural regions are reduced, atmospheric de-
Stute of lorida enacted a progrum 1o reduce 1” loading posilion will become cven more signilicant.
to the Everglades through a serics of biesl munagement Atmospheric deposition is commonly sampled in two
pracrices and large constructed wetlands known us storm separate forms: wet (rainfall) and dry (dustall). Tech-
warer treatment areus (State of Florida, 1994). To mun- nigues for estimating Jry deposition include methods of:
ape these P loads, wecurate monitoring and analysis ure micrometeorology: surface accumulation: throughlall;
required of both controllable und non-controllable sour- watgrshed mass balanee; and inferential technique (Cris-
ces. In Soutly Florida, where mosl waler bodies are [arge man ct al., 1994). The District hus used (he surface accu-
and shallow, aimospheric deposition, 4 non-controllable mulation method hased on dry buckels (o measure dry

atmoapheric deposition. The dry buckel mechod is
simple, incxpensive, and, therefore, communly used in
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Lawson and Winchasrer, 1979), the dry bucket mav be
adequate samplers of P dry deposition.

Buecuuse most of the moniloring sites are locatad ar or
near marshes, comlaminalion of dry deposition samples
is very common. The major sourges of conlamination
are bird droppings, body parts ol insects and animals,
dirt and  dust, ash, and vegelalion debris. ‘These
conlaminants result in postlively biased 1* values,
which in turn hias the computation of summary statistivs
of the I* [oads,

Many sources contribute to dry Jeposition. These in-
¢lude « combination of oceanic aerosols, agricultural
practices, burning, soil erosion, industirial and automa-
bile pollution, vegetation, cle. (Redficld, 1998). Y'wo con-
cerns exist with (hese potential sources of comaminalion.
The lirst coneern is the origin of the conlumination. I it is
[rom inside the area of interest, then it is 4 contuminatinn
source, such as localized dusl, frogs, bird droppings,
vegelation, insecrs. If il s [rom outside the area of inter-
sl such as some ash. dusls and vegetation dabris, Lhen il
is a lrue purl of the dry avmospheriv deposition. Tt is
almuost impossible to determine (he origing of these ma-
lerials, The second eoncern is (he impact that these sowr-
ces may have on 1he eslimules of P loads. If rhey add
large amounts ol P (such as bird droppings) then they
tend Lo bias the cstimate. 1 they add very little T (such as
insecl parts) then there is no conlamination problem. 'I'he
dilliculty is to remove 1he bius (noise) while reraining the
sipmal,

This study presents a methodology to derect the out-
licrs in the data [or cslimating the P fyx pales from
armospheric deposition. This two-slep approach iden-
tlies outliers of 1* flux in dry depesition samples by
identification of contaminaied samples through fisld note
observations followed by 4 statistical analysis of (he Jaty
using an appropriute regression rechnigue, As [ar as the
authors know, this is the first application of this rach-
nique for aimospheric dey deposition, This technigue
should be applicable to any atmospheric deposition
MeASUTCMent program, becawse it s o statistically valid
relhod that can he nsed 10 remove extreme values from
any data set.

L1 Outhier detecrion techniques

Outliers are data tharappear (o deviale markedly from
other members of the sample group in which they veeur
(Beckman and Cook, 1983; Barnett and [ewis, 1984). In
rclation 1o stalistical analyses, Roussesuw and van
Zomeren (1990) delined outliers as observations that
deviate from the estimates by a stanistical model sugges-
ted by lhe mujority of a darg set, The latter definition
implies thal, in order 1o detect outlicrs, 1 stacistical model
cun be used to deling the residuals berwean observation
and estimarion, und (he residuals can then be used to
indicate aberrunl data.

Thure urce 4 variety of statistical methods [or detecting
oullicrs (Barnert and 1.ewis, 1984; Beckman and Cook,
1983). Onc method is (0 sel an oulliecr bound at eithar
two- ar three-standard deviations from the mean, How-
ever, with u limited number of samples, as is the cuse in
Most environmental monitoring, pood estimales of papu-
lation statistics cannor be oblained and the reliability of
this simple method {5 uncertain. Stutistical modeling ap-
proaches are more promising lor detecting outliers than
methods that rely on population sratisics,

Slatistical modeling methods include linear regression
(Beckman and Cook, 1983), ruultivariate analysis (Rous-
seeuw and Van Zomeren, 1990), and time series analysis
{Beckman and Cook, 1983; Tiwari and 1enss, 1994).
The multivariaie method is not adopied here because
24% ol the P deposition samples ure randomly missing.
These missing samples reducs the number of paired dara
sels, reducing the powar ol Lhis technique. Treliminary
unalysis revealed a weak scrial correlation of these P de-
positton data sels, muking the ime sevies anulysis also
inapproprule for the data. Thus, unly lincar regression
methods were considered here,

The lincar regression approach derects outliers by
[orming a clean subset of duta that eontaing no oulliers,
firting the regression for the clean subsel, and testing for
oulliers relative to the clean subscl based on test stalis-
lics, In this approach, the Studentized residuals are ofien
used to test multiple outliers (Beckman and Cook, 1983),
Finding a clean subsel (rom 1 given dara set is nol 1rivial,
The clean subset should produce, among all pussible
subsets, 1he smallest residval sum of squares. To find the
¢ledn subsct having a size ol { [fom a sample data set
huaving a size of i, i1 is necessary to fit a repression model
Lo cach of the (]) possible subsets (where () is the number
of combinatiems) and Lo find the minimumm residual sum
of squares, This method requires exlensive compurationg
thal muy not be feasible [or 4 large a.

Three approaches are commonly available for finding
a cleun subser more eilectively: a random search wlgo-
rilhm (Roussesuw and van Zomeren, 1990); 4 forward
scarch algorithm (1ludi and Simonoff, 1993; Alkinson,
1994), and a sophisticated elemental set algorithm (Haw-
king and Simonoff, 1993). The (orward search alaorithm
suggesled by Hadi and Simonoll (1993) was used here
since il is relatively simple and cllicient compurtationally
for finding a clean subscl (Atkinson, 1994).

Te inrroduce Hadil and Simonof’s Studentized resid-
ual, let us assume that a dara sel having u size of n s fitted
by a simple regression model

Y=X+¢ (1)

where Y is an a-veclor of responses, X is an (n = &) matrix
represeniing & cxplanatory variabley with a rank of
k = n, fis u k-vector of repression purameters, and rasid-
uals ¢ is 4 Graussian random noise vectar of size » with
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N(0, o). The least squares estimares of Lhe para-
meters are then given by A=(X"X}"'X"¥Y and
gt = ¢Te/(m — k), respectively, where ()" denotes a matrix
transpose. A clean subsct M 1 assumed where X, and
Yy are the components in A1, and {1, and af; are the
corresponding tegression parameters and residual vari-
ange, respectivaly, A Sludentized residual i = k. ..., %)
[or M is then deflined (Hadi and Son, 1990) as

di = Diforg = 1yi — X Bual T/ 1 - XT(XTX ) "],
ifieM,
= Iyi — xFiadl/Lane/ T + XFXL X0 "], iFid M.
(2)

In particalar, d; for i ¢ M is the scaled prediclion error
relative 1o the subsel M. Because d, lollows a Student
t distribution, outhicrs in Y arc tested with the statistics
tuszi+ 1h0-1 Where a/[2( 1 1]] ia the probability Javel and
(i - k)is the degree of freedom. For given data sorted in
order of increasing magnitudes, a1l observalions where
d #F Tyzg+1).0-x 47C considered outhiers.

The overall Hadi and Simonaff method is based on
a forward search algorithm consisting of 1w sleps:

() Pind an imilial  wleun subsel M ol  size
h=mn+k—1)2 Thalis, for j=k+1,..., h, fit
a regression model to the subser B of size j; com-
pule df{i=1,...,n) arrange x;(i=1....,n) in us-
cending order of d,.

(2) Forj=h+1,.., ¢ fit a regression to the subset
A of size j; compurte di(f — b + 1,...,») by Lqg- (2
arrange xi = h + L. ..., nlin ascending order of d;;
W dy 3= tyry+ 10— declare all observations sutisly-
ing this condition as outliers and stop the compu-
tation, or otherwise, form a new subset of sizej | ]
by taking the ordered x4 until j | 1 = a

I this approach, the significance level o is the only
constant (lurning peint) lo input prior to analysis.

2. Marerials and methods
2.4, Dara eollecrion

The Dhistricl initiuled its atmospheric deposition
maonitoring program in 1974 by installing four bulk (borh
wet and dry) rainfall samplers near Take Okeechobes
and WCA | areas. The momioring program was signifi-
cantly improved in 1987 by deploving wet/dry collectors
{Acrochem Metnes Model 301 automatic wet/dry sam-
plers) and adopting a standard operating procedure for
data collection and processing in accordance with recom-
mendations of the Nalional Atmospheric Deposition
Program (Bigelow and Daossctt, 192858; MADT, 1994).
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Fig. 1. Localion mup showing the aumospheric deposilion
moeniloring siles operated by the South Florida Water Manape-
menl THsiriel, where WOA stands Jor waler congservalion area.
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Currently, there are 18 monitoring sites with one repli-
cate sampling site (BG2) operated by the District (Fig. 1)
[rom which wel and dry samples are collected separately
to cstimate atmospheric deposilion rales, parcularly for
nutricnts. This study sclected (he data collected [rom
7 April 1992 to 22 October 1996, bul the aclual revord
lengths vary from sitc to site owing to periodic expunsion
of the monitoring program {Table 1),

The Aerachem wet/dry collectors were placed on L m
high tables al cuch site, A movable lid vperated by
a moisture sensor plale wus designed so that the Lid
moves over and covers the dry buckel when it is raining,
and covers the wet bucket when it is not raining, to
prevenl evaporation. The Aerochemn buckat opening had
an ared of 0.0647 m® und » height of 0.25 m, Both wet and
dry deposition samples were collected al weekly (imes
intervals,

To sumple dry deposition, the sample buckel was in-
spected in the field for contamination and some sources
of contamination (e.p. insect and insect paris, amphi-
biams, and repliles) wers removed by hand using
tweezers, Any visible conlamination was identilied
according to 32 possible contumination sources. Then, 11
of deionized water was added to rinse the sides of the
buckel. The bucke! was rubbed with a precleansd plastic
spatula, Bach waler sample was placed inlo mullipls
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Frequency tahle of visually ohserved contaminated and uncontsminared dry deposition samples taken rom the Districe's Rainfall

Sampling Ketwork [rom 8 April 1991 w 22 Oclober 1996

Hulion 1Dare of first Mo contamipation Single contamination Multiple Total number
colleored sample CONtATUNEHONS of samples
Murnber Pervent Mumber Percent Murmber Pervent
Riil Q407793 L R 14 9.2 53 LR 152
B2 O4/07/93 b1 aTH 12 74 52 4.2 152
TNPRC 1117787 27 206 47 54 a7 433 131
CNRIGI® 05,22/04 1 0.0 20 244 ikl 756 82
ENRZDY 01711794 0 0.0 15 214 66 786 84
LiMR3 (13,2244 [N 1.0 17 T2 70 735 103
[INR401 12;147/93 [N (.4 b 1.2 36 b1 44
TNR (0351 /92 11 43 al 26.1 i 649,72 24
G (007/93 (0 0.0 9 225 n 77.5 41
L&7A 11,21/95 11 207 16 432 10 7.0 37
L& Li/16/95 3 7.5 19 47.5 18 450 41
OKEEFS 11/24/47 47 258 a4 242 4l 50,0 182
s127 Q4/07/93 0 0.n L 242 50 73K 66
5131 (w0793 107 4.0 12 LAV 30 240 150
5140 (65,26/89 5 14.5 72 41).2 K1 A5.3 179
308 0%8,09/94 \ 0.0 0 00 13 1010 15
S0 09/07/93 93 074 3 16 39 2RSS 137
G540 (0:25/89 (0 0.0 33 214 120 T4 133
&7 12,05/88 18 %2 A5 A0 17 532 220
Tolal YR 134 S18 232 1170 332 2194

“Darta [rom these stations are drapped for further analvais,

1751l bollles and acidificd with a 50% rcagent-grade
solution uf H: SO, (0 4 pH less than 2. The botthes were
stored on ive and relurned 0 the Diastrict laboratory
wilthin a [ew hours. At the laboratory, samples were
digested with persulfate and * conceniration was deter-
mined golurimelricully (USCPA, 1979) Quulily wssur-
anee dnd qualily control were performed in accordunce
wilh Distriet standards (SFWMD, 1996). The T depos-
iion (PDEP) rate (pg Pm~*d~") was then determined
as

LFiV

PREP -
0.06474°

(3
where [1'] is the [* concantration in the sample (pg 1 1),
I is the votume of water colleclzd {1), 0.0647 is the arca of

the bucket (m?). und  is the number ol days the buckel
wits duploved,

2.2 Cntlier dedection
A preliminary step in removimg oulliers involved

sereening the samples using descriplions provided in figh]
notes, especially those samples with visval desoriplions of

gross contamination. T'hese samples were flagged and if
their 1* values cxceeded two standard deviations from the
mean of all samples, they were discarded. This provided
a hinary decision of whether each sample was contan-
mnaled lor 4 given contuminalion category. Additional
sereening was performed using the Hadi and Simonoff
approach, desceribed below, to detect outliers and o
remove samples contaminated by sources thar were oot
flapped by visible inspection,

To identily the vullicrsin 4 dila set ¥ from u given site,
the P data from nearby sitcs were used to determine
 independent (explanatory) variable X. Before applying
the Hudi and Simonoff approach, the dependent variable
fvi.i=1,..., N} for cach site was divided into two sub-
setsr a complete dara ser Yo — 0 — 1, .., N lor which
the carresponding explanatory varable x; is available, or
an incomplete dula sel Y=y, i =1, ..., N, for which
x; 15 missing, where N[ = N + N)) is the sample sizc of
Y. Then, a linear regrassion modal of
yvi=a+by; lori=1,... Ng {4
wis applicd (o the complete data set where @ and b arc
the regression parameters, Dae to the large number of
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missing data thart oceurred randomly, N was commonly
lcss than N. To increase Ng, 1-4 explanatory sites were
chosen based on the distunce between sites, perinds of
record, and the number of missing data, An average
of the P values measwrad concurrently [rom the sel-
ceted cxplanatory sites was (then laken as an independent
variahle.

3. Revults

The 39 distinet conlaminalivn sourees were assigned
one of six categories (unimal droppings and frogs, dir
and dust, vegetalion, inscets and reptiles, ash, and miscel-
luncous) (Table 2). Only 511 of the 2199 samples showed
na visihle sign: of cortaminalion {Table 1). These 511
samples weare found ul 11 ol the 19 stutions. Multiple
contaminations ol samples were very common. A total of
I8 cases of single and 1170 multiple contaminarion
cases were recorded.

Because of multiple contaminations lhere were 3203
observed sample contuminalions in the 2199 samples
(Tahle 2). OF the tolal observed contaminations, the most
comemon were dirl and dust which comprised 33.9% of
obscrvations and wers found in 52.3% ol all sumples.
This was lollowed by inscets und insect body parts
(23.9% ol observalions, 37.8% of samples), and animal
droppings (20.6% of abservations and 30.1% of samples).
Asly, miscelluneous, and vegetation made wp less than
L8% ol the observations and were Tound in less than 26%
of the samples,

Preliminary inspection of the uncensored P datu
showed 4 number of high values ([or  inslance,
Prob P = 1000 pg 1P m ™7 d" 1} w 4%, Fig. 2} thul were
assumed to he contaminated since nailural deposition
processes are unlikely Lo yicld such high concentrarions.
Summmury statistics of 1* deposition then were compuled
lor cuch contamination catepory (data not shown), No
relalionships between [* and contamination calegory
could be deteeled beeanse of high variability of contumi-
nulien and multiple contamination sources in a sumple,
Conscquently, salvaging the corttaminated data by separ-
ating the rrue atmospheric deposilion component and
contamination componenl was not possible.

Animal droppings and [rogs were the most significant
contamination source: the mean 1" value was 44%6 +
15010 pg Pm~? d ™", Conrribulions [rom (he ather cat-
cegorics were relatively small, Samples thal were con-
taminated by animal droppings and [rogs with the
P valne preater than 884 pgPm “d ! (a value two
standard deviarions from the mean ol uncensored T data)
were therefure climinated from further analysis (Table 3).
Baged on this livst step, 2.3% of the data were eliminaled,
Although most of the high 1 deposition data were cffec-
tively removed vusing Lhis upproach, (here were still un-
reasonably high P values remaining.
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Fig. 2. Frequency distributions of raw dry deposition [* data
(2199 dara points} [rom 19 moniloning siles belote remaoving
onthiers, with the best fited linear regression line. Bote: The data
letis Lhan the method deteerion limit (MDLY ol 88 pp Pm~2d~!
were assipned 1 value of MUIL/2 for plotting purpose.
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Fig, 3. Box and whisker plots of dry depozition P values from 19
siwes in South Florida, The solid ling represents the mesan at cach
site, while the middle, bottom and top edpes of ench hox ure the
median, 25th and 75th pereentiles. and the bollom and lop of
whiskers are the low and high extremes, respectively.

Of the 19 siles, only 11 sites were analyred further
because the daty [rom the other cight sites (Table 1) had
high rates of conlamination (Fig. 3) resulting in failure of
the Tadi and Simonoll approach due to unusually low
compuied d; values. For cach site, the Hadi and Simonoll
approach was applied to the complete daly sct, from
which ouotliers and a site-specilic culoll value were deter-
mined based on 1he (-sLatislics e, 40— The site-speci-
fic curoll value was (hen used to identify the owtliers in un
incomplele data sct Y.
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Table 3
Summary of outlier detection for 1614 dry F deposition samples rom 11 Stations

Stalion name MNumber of deteered nutliers Momber of samples Outher bound  Mean Standurd deviation
- : affer removing (pePm *a”!) (uePm *d™Y) (pelm T
Ficld notes* Sratistical outliers

approach

B(il fi 22 124 = 435 H3.6 91.9

BG2 i 18 127 =232 1.7 R9.1

ENFRC 5 A2 94 =627 693 B&.0

TENR 3 15 216 = 386 803 32.6

La7n Q R pL = 46 17.8 114

L& (] 7 33 = 230 60.6 5Ly

QK ELTS H} 4 138 = 448 H5.5 §7.4

5131 5 a6 1159 = 499 011 E20

5140 1 36 142 = 3T T4.5 TR

5310 0 25 112 = 333 921 774

57 0 il 149 = 241 77.3 584

Sum 7 254 1443
(2.3%4) {15.7%) (K2.0%%)

Meun = 350 748 75.1

Mean before stalistical outlier deteclion B34 790

sIncludes samples contaminated with bird droppings ar frogs il P value = B84 g Pu 7d70

A:III"‘- * - *
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g
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. * a7 »
7 ™
5 10
E
by
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m bor
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B | 19 12 0 B (1} 16 Mm
Studentized Residoal di Adentined  Fowidual dj

Fig. 4, Examples: of outher deteclion for the celecled sites. where outliers are the righi-hand-side dala poiits {«) along the vertical
reference (cutoff) line which represents the r-vulue for 2 = (.01,

To assess the performance of the Hadi and Simonolf plot are for the complete data scl having a size of Ne, the
approach, the estimated d; versus P value was plotted for number ol outliers displayed in each plot is less than the
four arbitrarily selected siles (although all sites showed coeresponding number for the total number of samples

nearly idenlical patterns) (Fig. 4). Since the dala in each N {Table 3). For instance, ul site BGL, only six outlicrs
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are displayed Ml there are 22 detected omdiers i we
consider both the ¥y und Yo data sets. The resitlis of our
ourlier delection are not sensitive 1o the choice of yig-
nificance level = This insensitivily is actribured 1o Lhe
signilicantly laree values of outlicrs comparcd to the
nen-contariindled samples, Because ol these disringt
differenwes, the results of outlier deteclion were cansislent
repardless of the sample size and the number of deteeted
oulliers {although the #? i regression was very low in
mast cuses; B2 . 0.3-0.7). Tn other wuords, the poodness-
ol-the-lil of 4 repression is not eriticul for outliar detection.

The cutoff values [or determining outliers varied
from site to site depending om {he occurrence of duta
contamination (ulumn % in Table 3. An average of the
distributed culoffl values lrom the 11 stalions was
30pa Pm 4d™" However, this value wus less reliable
hecause it was alfacied by the distribution of an oullying
duly ser. The computed means for cach station runged
from 178 g Pm™2d™ at L6TA ta Y2l pg Pm~—3d"
ar 5310, The sample mcan of dry P deposition from Lhe
1T stulions was 7435 + 755pp Pm “d-".

4. Dhscossion

An wecurate account of T loads is needed 1o ynder-
sland its impact on the Evergludes. This account must
include surface loads, rainfall, and dry deposition. 1'he
latter is sipmificant, however, contanminslion from bipd
droppings, bady parts of insects, and miscellaneous de-
bris, a8 documented here, is prablemalic in abtaining
accurare background rules of dry P deposition. Thiy
prablen is not an isoluted one, and exlends to almost ull
projects  (hal measure dlmospheric  depositon. The
method employed here is useful and delinsible in cemaoy-
ing the biss of conlumination for mulli-site data,

Estimates of P dry deposition range from 4 (o 10 times
that of wel deposition (1livks et al., 1993), Wet deposition
in Sourh Florida, with 4 mean rainfall ol 135 m yr~ ! ang
a mean concentration of 106 ug P1 ' (Ahn, [99%) in
ratdall, is estimuled as 14,3 mgPm~ yr L Our ob-
served estimute of dry deposition is 273 mg Pm~? yro !
(calculated Irom Table 3), Thus, the ratic of ouwr dry
deposition (o wet depeosilion is 2 1, which is lower than
what others have obsarved,

The 1olal estimate of wel deposition plus dry depo-
sition, 416 me Pm 2 yr 1 s consisient with estimales
Trom peat uceretion Jatu of 35.5 mg Pm™? yr~t (Walker,
03y, and S0mpPm~%ye ' [rom bulk collectors
throughowr Tlorida (Hendry ct al, 19%1). But it is less
than the 933 mp Pm * yr~' deternined in the Tampa
areu [rom seven bulk collectors (Dixon et al., 1996). These
comparisons provide a certain level of confidence regard-
ing the istrict’s sampling network, procedures, and the
statistical approach thal we huve taken, Howcever, there
14 atill 2 large amount of variability within our own daia.

Dry deposition is quite variable both in space (1 licks el
al., 1993; Van Ek and Draaijers, 1994; Dixon et al., 1594;
Hendry et al, 19%1), und time (1licks ct al, 1993). The
laller is primarily a result of episodic events and depo-
sitien of larger (=2 pm) particles. Both the spalial and
tem poral variability are ulso present in the data from the
Pistrie’s network of atmospheric deposition stations.
The standard devistion of he samples is equivalent
to the meun (after censoring). Alse the means ranged
from an averaps of 174pp Pm 2d™" ar 2 remole
stalion in a marsh arca of the Cverglades (1.67A) o
BRlpgPm~ d 1 oar 8310 4 sile near the town of
Clewiston that iy impucted by industrial activily.

As a resull of duta screening based on the iwo-step
procedure, ubout 18% of the data were identified as
contaminaled and were removed. The pooled mean and
standard deviation of the vy P data eollegled rom
11 sites was 748 1 750 pg Pm *d™", and is actually
lower than other estimates of dry cdeposition in (le
stale of Florida. Dixon et al. (1996) estimated
25 pgPm 2 d ! from the Tampa area, Ttendry ct al.
(1981 cstimated 131 pg P'm 2d 7 from four sites in one
urbun, two agricultural, anc one sea gside area, and Peters
and Reese (1995) measured 194 pg Pm2d ! south of
Lake Okeechiobee in Muy-Tune of 1992 Qur lower es(j-
mates are mosl likely a combination of improved ficld
observations, sampling methods, and locution of the
samplers in arcas thal arc further away from weban
centers, industry (such us the phosphale mining industry
in Lhe Tampa areu), and trafic,

A major question regarding dry depasition s how
much iy [rom external or background atmaospheric de-
position, and how mugh is from internul or local sources.
This question not only deals with the problem of con-
tamination but also methods of collecting dry deposition.
Because of the relulive simplicity and robusness ol this
outlier ideniilication technique, it should be usefnl for
any dry deposition collection methad,

5. Smmimary

This study ook an obscrvational and staristica up-
proach lo detect outliers in the dry deposition 17 samples.
The approdch used hath licld notes describing the ype of
conlamination and outlier detection statistics bused an
a lineur regression, In particular, (he study demonstrated
how a two-phused outliar detcction approach can be
upplied lor multi-site environmental data, Although this
approdch cannot remove all uncerlainty from these data,
it did produce a pooled value of 748 ug Pm *d~7 thal
was 10% less (han the pooled value of prescrecned data
of 858 prPm~2d™" The forward search algorithm
proposed by Hadi and Simonoff (1993) for finding «
clean subsul was fast and robust as was reported in the
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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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