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INIRODUCTION

A recent report prepared by the Maryland l.Iater Management
Administration (sellars et aI.,1987) describes results of serrage
effluent rnonitoring before and after lmplernentation of the staters
phosphate detergent ban in Decenber 1985. The following table of
average total phosphorus concentrations from plants without phosphorus
removal facilities is derived from their analysis of effluent grab
sanples:

l.lonitoring Period May-Ocr 1985 May-Ocr 1_986 Difference

Grab Sarnples
Plants

22L
66

230
66

(pp¡n)

. 3.3
2.4

Mean Effluent Total Phosphorus
Unweighred 5.7
Flow-I.Ieighted 4.2

2.4
1.8

The above dÍfferences in concencratlon were attributed to effects of the
decergenÈ ban. Based upon these values, the report goes on to esËinate
lmpacts on phosphorus loadlngs Èo Chesapeake Bay from plants without
phosphorus removal facilities and on chemical and sludge dlsposa} costs
for plants wiÈh phosphorus removal facilities.

The following reporË evaluates the sÈatistical relíability of the
above strllmary values. A variety of data reduction and screening
techniques are applied to determine sensitivity of the results t;
analytical assumpcions. Lirnitations in Ëhe data resultÍng fron the grab
sarnpllng strategy are discussed. Apparent reductíons in efflùent
phosphorus concenÈratLons atEribuÈed to the ban are compared withprevlous proJectLons (Harrls and llalker,19g5) and with results ofslmilar studies conducted in oÈher states.
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DATA ANALYSIS

The planÈ effluents data used to develop the above summarles have
been obtalned from Mlng-Llang Jiang, a co-author of the Sellars eË

al.(1997) report, ln thã for¡n of hand-r¡ritten tables and calculations.
The infor¡natlon has been computerized and is tabulated ln the Appendix.
Average concentrations and flows are sunmarized by plant in Table 1.

Table 2 llscs sunmary statístics for seasonal (May-October of each

year) means derlved from varíous averaging procedures and data sets '

The eight cases involve variatlons in the following factors:

PI.ANT HEANS:
No - data averaged by year wlthout regard to planc
Yes - data averaged by plant and year before comparing years

DATA SETS:
A - all data
B - one outlier excluded (Transcontinental Gas)
ç - plants with fewer than Èwo samples per year excluded.

FT.OW IÍEIGTITING:
No - yearly means computed r¡lthout welghting
Yes - yearly means weighted by plant mean flows

The factors have been varied to test the sensitivlty of results
(confidence range for mean phosphorus reduction actributed to the ban)
to calculation procedures and data sets. Values presented in Table 2

generally indicàte that results are senslEive to the first set of
factors and insensitÍve to the last Èwo

As conpÍled, the data base permits conslderatlon of three sources
of varlation:

(1) PI.¿II{T-TO-PIAI{T. These variatlons refl-ect dlfferences ln
IrasCewaÈer sources (domestlc, fndustrial, instlbuCional,
etc. ), conveyance systems (inflow/inflltration), and
treataent processes.

(2) YEAR-TO-YEAR. These reflect random variations ín
lrastewaÈer characteristics at a given plant from one year
to the next, as influenced by changes in the community
and/ox weacher, âs well as deterministic variations
attribuÈed to effects of Ehe deÈergent ban.

(3) WIIT¡IN YEAR. These reflecr the combined influences of
variaEions due to sampling, laboratory analysis, and true
Èemporal variations in effluent concentration for a given
plant and period. As discussed below, a portion of the
wlthln-year varLation (dfurnal) is not random, but
systsematic, and may have lmporÈanc irnplicatlons.

The objecLive of the analysis is to estimate the yeax-to-year variation
ln concentration and loading attributed to Èhe detergenË ban, averaged



Flor Efflurnù lottl P (pp) Saupbr
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Flotr Effluent lot¡l p (pfo) Seo¡rhr
osd 1985 1996 g5-s6 lg8j 19g6

rndr¡r¡ ¡fb 0.006 8.00
brllent.! cL 0.404 5,58
berlln 0.2{5 {.90
boon¡¡ rcbll¡ h¡¡r 0,0{1 5.70
borl¡ ¡t colbgo 0.050 3.63
brordn¡t.r 0,295 2.50
c.lvcri prlncr fred 0.116 3.60
c¡rolln¡ f¡drr¡l¡bur 0.282 2.35
chclùrnhao boyr 0.0{7 5.30
crôrtvl., .!t 0.011 9.75
crl¡fi¡ld 0.775 2.90
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d¡¡l n¡c rn cn 0.008 {.40
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grrenaboro 0. 130 3.2O
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l.onårdr¿orm 0.219 7.30
lyonr cL æbll O. 05¡ 4 .00

nenchlÈrr pL 0.016 5.00

o¡rlboro ¡¡¡tdor¡ 0.296 3.70

3.57 {. ¡3
3.00 2.58
3 . 65 t.25
3.07 2.63
2.10 1.53

1.60 1.30
1.S7 1.63

2.70 -0.35
3.60 1.70

5.30 4. {5
2.O7 0.83
7.10 3.73
9.00 3.50
1.77 4.30
2.20 2.20

1.03 1.61
7.93 -0.50
3.60 -0.80
2,ts -0.08
7. S0 -1.65
t.22 3 . 91

3.23 0.62
5.50 0.{0
5.20 0.00
4.16 1.09
0.95 0.15
3.30 2.a6
E.75 -3.85
s.57 2.18
3.33 3.07
1.50 2.SO

5.15 0.75
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Table 2

Statistical Sunmary

Efllu¡at lotr1 Pbor¡ùorur (p,po)

Pla¡t Dâ¿r Floc Std. Std. I SÈatl.¡tlc
C¡cc Hca¡l¡ Set t+td. Y¡e¡ N Mca¡ D¡v. E¡ror (Hean - 0)

1 No A No 85 223 5.68 2.98 0.32
86 227 3.30 1,91 0.21

85-86 2.38 0.38 6.22

2 l{o A Yeg 85 223 1.37 2.6S 0.18
86 227 1.88 1.61 0.L2

85-86 2.19 0.22 11.51

3 lc¡ A llo 85 66 5.69 2.69 0.33
86 ô6 3 .77 1. 91 0 .21

85-86 tarpaitod 1.92 0.{1 {.73
85-86 paircd 1.92 2-3L 0.2e 6.75

{ ïo¡ A Y¡¡ ô5 66 {. 10 3.82 0. {7
66 66 2.40 t.71 0.58

85-86 unpairrd 1.70 O.75 2.28
85-86 paired 1.70 2.27 0.28 6.07

5 Y¡¡ B llo 85 65 5.50 2.23 0.28
86 65 3.75 1. S3 0.24

E5-86 unpatred L.75 0.37 4.78
85-86 pal.nd 1.7 5 1. 8{ 0 .23 7 .67

6 Tcr B Ic¡ 85 65 4.10 3.79 0.{7
86 65 2.aO {.68 0.58

E5-86 urpatrod 1.70 O.75 2.28
85-86 palrcd L.lO 2.26 0.28 6.07

7 Y¡¡ C f,o 85 15 5.2L 2.16 0.37
86 {5 3.32 1.80 0.27

85-86 rmpaircd 1.8S 0.{5 {.16
E5-86 palrcd 1.89 1.55 0.23 8.18

8 Ye¡ C Yes 85 45 3.88 2.55 0.38
86 45 1.94 1.5{ 0.23

85-86 tutpalrcd 1.94 0.f4 t.37
85-86 palrcd 1.94 1.48 O.22 8.82

Pla¡t Maanc:

No - Data Averutåd by Yc¡¡ rlthou¿ Ret¡td ¿o P!ân¿
fr¡ - Data Avcragcd by Plant a¡d Tcar bcfor¡ Coø¡larln6 Yearr

D.¿r S.tr:
A - AII DaÈa

B - Sc¡oened fo¡ Or¡tller3 (lranscontinental Gas Ellntnated)
C - B + Horc than 1 Saople Pcr Str¿ion Yes!

Flor l{td. :

No - Cor¡c.nt,rr¿io¡ Statl¡Èlca tlwci¡*rtcd
Y¡¡ - Co¡¡centlrtlon S¿rtlrelc¡ i{elghfcd by Plant Moa¡ Floç

1 S¿.Èl.tlc 1.r¿! l.lhcth€r 1985 ¡nd 1986 Hcanc Alo Sltnlftcånbly Dif!.r.n¿
f¡o 0. AII Î.!ts Sttnlflcrn¿ at p < .05.
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over the entlre population of Maryland se!¡age treatment plants r¡ithout
phosphorus effluent limltations. During the 1985-1986 period, the total
flow from these plants ¡mounted to 112 mgd (Sellars et a1.,1987) , 72 u,gð
of whlch are represented in the data base analyzed here. The estimated
changes are seasonal (May-October), rrhtch may dlffer somewhat fron
annual values.

The statistlcal procedures employed here do not conslder effects of
serial correlation, seasonality, or other Éime series behavior -

Evaluation of these factors ls precluded by the relaElvely low numbers
of observations per plant-year (1-9). As demonsÈrated by Pallesen et
al. (1985) and Booman et al. (1987), se\.¡age lnfluent phosphorus loadings
often exhibit non-statlonary behavior or "drlft". Because the pre- and
posc-ban means are not stationary, estlmatf.on of load reductlons (and
confidence ranges) due to a ban by simple averaging pan be risþ. More
sophisticated techniques, such as lnterventlon analysis, could be
applied to more intenslve data sets. Non-statlonary behavlor nay be
more of a problern ln analyzing data from a single treatment plant, than
in analyzing data from a collecÈion of plants. It seems unlikely thac
pre-ban and post-ban drifts would be strongly correlated across
treatment plants. Such correlacion rnight be introduced by variatf-ons in
precipltatlon, although boch the l-985 and 1986 sanpling perlods were
relatively dry. Because non-random variations and non-staÈiona{v
behavior are not considered, actual standard errors are probably higher
than those estimated here.

The sirnplest approach to estimating the effects of the ban is to
compare Èhe sinple averages of L985 and 1"986 data, wíthouÈ regard to
plants or flows. Thls method (Case 1 ln Table 2) was enployed by
Sellars et al. Ëo estimate an average decrease of, 2.4 pp¡n. Analyses of
varlance (AÌ{OVA) conducted separately for each year indicate that
variations âmong pl-ant means are significant wiÈhin each year (p < .01).
Because of plant-to-plant variations, the samples are not lndependent
and random. Accordingly, estimaÈes of standard error for each year have
been derived from Èhe ANOVA resulÈs (Snedecor and Cochr an,!972):

SEi - (sM1/Ni)'s

where,

SEi - standard error of annual mean for year i (ppm)

SMi - among-plant mean square deviation for year i (pp*)2

N1 - total number of sanples for year i

The sÈandard error of the difference in annual means ls .38 ppm, derived
frorn poollng the 1985 and 1986 error varLances. Thls procedure for
estinatlng year-to-year variaÈions assumes that the 1985 and t-986
samples are staElsÈlcally lndependent and that withln-year variatf.ons at
each planÈ are random.

Figure 1 plots average 1986 vs. 1985 effluent concentrations for
each of the 66 sampled plants. Means have been computed from sample



l{ean 1986 vs-

-6-

Flgure 1
Hean 1985 Effluent Phosphorus Concentrations
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numbers ranglng fron 1 .to 9 per plant per year. The correlation
coefficlent, 0.66, indlcates that plant-to-plant variations are
significant, even in the context of year-to-year variations induced by
the detergent ban, other factors, and random sanpling error. Mean
phosphorus concentratlons decreased ln most of the plants, as lndicated
by their posltion relative to the line of equallty (Y-X) in Figure 1.

In the presence of significant plant-to-plant variability,
averaging the concentratlon data by year wlÈhout regard to plant (Cases
I and 2 in Table 2) is ínappropriate for estlmating the impacts of the
ban. This is especially true, given the fact that sanpling rates varied
between l9B5 and 1986 for mosc plants. For example, f.f a plant wlth
relatively high phosphorus concenÈrations ln both years was sampled once
in 1985 and five times fn 1986, its influence on the 1986 rnean would be
five times that on Èhe 1985 mean and the resulting surnmary statistics
(annual means for all data) v¡ould be biased.

Given significant plant-to-plant variations, a more appropriate
procedure is to average the data by plant and year first and Èhen
average across plant neans wichin each year. This rnethod filters out
the effects of planÈ-to-plant variaËfons on Ëhe dÍfference in annual
means. Ttre procedure also permits palring of pl-ant means; confidence
1ímits for the average 85/86 difference across all plants can be
calculated from the distributlon of the 85/86 differences for the
indÍvidual plants. Pairing 1n this way reduces the standard error of
Èhe resultÍng sunmary statlstic and f.ncreases che power of the analysls
for detecting signlficant differences (Snedecor and Cochran,L972).

Results using this suggested calculation method are listed ln Table
2 (Cases 2-8). Approxirnate 951, confidence range (mean + 2 standard
errors) f¡r the annual Deans and differences Ín annual means sre shown
in Figure 2. A general lnsensltivity of results to varlations ln data
sec and flow weightlng ls apparent. Estf.mates of mean reductlons
attributed to the ban range from 1.70 to L.94 ppn for Cases 2-8 and
standard errors (paired lests) range fron .2r- to .28 ppn. The
reductions are sinilar to that cornpuÈed by Sellars et al. (L987) based
upon flow-weighted plant means (Case 4).

Flow-weightlng seems approprlate for the purpose of estirnatí.ng
inpacts on effluent loadlngs. Results are lnsensÍtLve to flow
weighting, however. Figure 3 plots the difference ín annual means
(L985-1986) vs. the logarithrn of plant flow. Concentration change is
not significantly related to plant flow. The general insensltivicy to
flow weightlng reflects the fact Èhat the observed concenträtlon
reduction for the plant with the highest flow (patapsco, 35 mgd, vs.
.001-10.7 rngd for others) was sinllar to the average reductlon for all
plants (1.9 pprn).

As shor¡n ln Ffgure 3, one plant, Transcontinental Gas, had a
sfgnlflcantly greater reduction tn mean concentratíon (L3.3 ppm), as
compared wiLh the other planÈs 1n the daÈ.a set. Thls plant also had the
smallest uean frow of those sampled (.001 mgd). cases 5-6 in Table 2lndicate thac results are insensiEive to exclusion of this ouElier,
Particularly when statistics are flow-weighted. Eliminatlng data fron
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Flgure 2
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Flgure 3
Reduction ln Hean À¡¡nual Phosphorus Concentratlon vs. Plant FIow
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pl-ants whfch rlere sampled only once per year fn elther 1985 or 1986
llkewise has llttle lnfluence on Èhe results (Cases 7-8).

Addltional lnsights can be derived from frequency distribution
plots in Figures 4-7, based upon yearly mean effluent concenÈratlons
fron 66 plants. Incremental and cumulatlve frequency dtstributions of
roean effluent concentrations are shown in Ffgures 4 and 5, respectlvely.
Frequency distributions of mean concentration differences (1985-1986)
and ratios (1986/1985) are shown in Fígures 6 and 7, respecÈively. The
difference l-n concenÈraÈÍon (Figure 6) has a square-shaped dlsÈrlbution,
with approxirnately B0Z of the values falling between 0 and 5 pprn.

In intserpreÈing the frequency dlstributlon plots, it is inportânt.
to consider that they are based upon estl¡¡rtes of mean values derived
fron llnlted data. The varlabll-lty is aÈtributed to sampling error in
estimating the period means frorn linited data, random perlod-to-period
variations, as well as deternlnisÈic effects of the detergent ban.

The freguency distributions of yearly means (Figure 4) are skewed
tor¡ards high values. This has sone bearing on interpretatlon of the
computed standard errors and confidence li¡nits, which assume thaÈ the
underlying distrlbuclons are normal. This skewness ls noÈ ltkety ro
have a major effect on the comparisons of means based upon t-tests,
since the skewness does not appear tso be large and the distribution
shapes are sirnilar (Montgomery and Loftis,1987). Skewness is reduced
when the paired differences in means are exemined (Figure 6),
Particularly when one outlier (Transcontinental Gas) ls eliminaLed.

The following scatistics sunmarize the apparenÈ inpacÈs of the ban
on effluent phosphorus levels. Cases 3 and 4 ate used for thÍs purpose
because Transcontinental- Gas is clearly an outlier (Figure 3), and
restricÈing sanpllng frequencles (Cases 7 and 8) dld not substantially
reduce standard errors of estimaÈe:

Effluent Total Phosphorus (ppn)
Mean (Standard Error)

Unweighred Flow-I.Ieighred

PRE.BAI{
POST.BAN
REDUCTION

s.s (.28) 4.L (.47)
3.7 (.24) 2.4 (.s8>
1.8 (.23) L.7 (.28)

The analysis supports the reduction estimated by Sellars et al.(1987),
based upon flow-welghted means (1.8 ppn), subJect to inherent data
llmltatÍons discussed be1ow.

CoNSEQUEIICES OF GRAB SAIíPLING

The grab-sarnplfng scrategy fs an f.rnportant linitation in the dataset and ÍÈs srlmmary sÈaËistlcs. Despite the relatively large number ofsamples, a sarnpllng strategy whlch does not account for diurnal orweekly varlatlons may introduce cerÈaln biases when used to estimate
changes ln annual or seasonal- loadings caused by a detergent ban.
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Flgure 4
Incremental Frequency DlstribuËlons - Plant Means 1985 and 1986
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Flgure 5
Ctnulatlve Freguency DistrlbuÈfons - P1anc Means 1985 end 1986
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Ffgure 6
Frequency Dlstrlbution - Dlfference ln Annual Means
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Flgure 7
Frequency DistribuÈion - Ratlo of Annual l{eans
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It seems reasonable that systematfc dlurnal or weekly variations inthe phosphorus concentrations of sewage effluents would .*1"t because ofdfurnal variations in domestic and commerclal actlvlties. one
hlrpothetlcal scenarf-o leading to blases ln the above concentration
dl-fferences (1.7-1.8 ppn) would result from a sampllng strategy which,
on the average, takes grab sanples at a time-of-day or day-of-week when
laundry activities (and, therefore, detergent-derived phosphorus) are
above the weekly, flow-weighted average. rt seems rikely that grab
samples would be taken during the day and on weekdays, a time scheãule
l¡hlch may coincide wlth maxlmt¡m laundry activlty.

signlffcant diurnal variations in wästewater phosphorus
concentration attributed to detergent use lrere documented by Shannon
(1975) ln a study of a .043 mgd creatmenÈ facillty serving a Canadlan
milltary barracks and married quarters area. Flgure g pÍots average
diurnal variations in influent phosphorus concencration measured during
three, three-week-long periods:

(1) 'BASELTNE': all consumers using detergenÈs of free
choÍce, subject co maximr:m phosphorus content of g.7l;

(2) 'HrGH-P': all consumers using detergent conÈainlng L2.Lr,
phosphorus; and

(3) "ì¡:fA': alr consumers using detergenË formulated with
Nitrilotriacetic Acid.

It^-1s aPParent fron FÍgure I that changes tn decergent fornulatlon
influence diurnal variations Ln phosphorui concentration. Dlfferences
between the HIGH-P and NTA perlods \rere most pronounced during the
afcernoon and evening (L?-LG, L6-20, zo-24 hrs) and least pronounced
during the early rnorning (0-4, 4-8 hrs).

Ihe following table compares lnflúent phosphorus concentrations
esti¡oated from ¡oidday grab sarnpling (12-16 hrs ln Figure 8) wlth values
derived from continuous, flow-weighted composlte ""rpltttg ior each tlneperlod:

fnfluent Total Phosphorus (ppn)
Continuous Hidday Grab Bias(Z)

BASELINE
HIGH-P
NTA

BASELINE - NTA
HIGH-P . NTA

s.0
s.3
3.6

L.4
L.7

6.7 34t
7.O 327,
4.4 221,

2.3 64r.
2.6 537,

As a conseguence of systematlc dlurnal variatlons, nldday grab sanplingsignlficantly overesÈimates average influenc concencratfons and effecÈsof changes in detergent fornulation.
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Flgure 8
Diurnal Variation of Influent Total Phosphorus Concentration

Canadian Forces StaÈion Gloucester
Shannon (1975)

o-4 4-8 8-12 12-16 16-20 2A-24
TIME PERIOD

Diurnal variatÍon of total phosphorus in raw
wastervater.

Flgure 9
Diurnal VariaÈion of Influent TotaL Phosphorus Concentratlon

Canadian Forces Base Uplands
Stepko and Shannon (1974), Shannon (1975)
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Ffgure 9 shows dlurnal variatlons f.n wasterrater phosphorus
concentrations monltored at anoEher nllltary base by Stepko and
Shannon(1974). Values are shown for two periods:

(1) 'BEFOR.E RETORHUI.ATIONT: all detergents < 8.77, phosphorus;

(2) "A.E[ER REFORMLII^ATION': all detergents < 2.2f phosphorus;

The diurnal varlaËf.ons detected under this longterm study rrere more
pronounced Èhan those shown 1n Figure 8. EffecÈs of changes in
detergent fonnulatlon were greatest durlng midday (approachtng 9 tg/L)
and s¡nallest during che early mornlng (1 ng/l). The absolute magnitudes
of these 1974 flgures do not necessarlly apply to Maryland in 1985-1986
because of unregulated reducÈlons in detergent phosphate content between
L974 and 1985. The df.urnal paEterns, however, refleet consumer habics
which are more likely co be general. Because of storage. in the
treatment plant, diurnal variations in effluent concentrations may be
less pronounced than those shown ín Figures I and 9.

It ls apparenc that diurnal variat,lons are inportant to consider in
raonltoring waste\rater phosphorus levels, partlcularly 1f one is
atÈempting to ¡Deasure changes ín daily, seasonal, or annual loadings
atstributed co a deÈergent ban. Possible biases introduced by the grab
sarnpling strategy cannot be removed by data analysis and should be
considered in interpreting Ëhe results. Unless the grab sanpling
strategy rras cruly random (over 24-hour period and 7 -day week), the
statistical summaries presented above probably over-est.lmate the irnpacts
of the detergent ban on flow-weighted-mean effluent concentraÈions.

INTERPREtrATIONS

In a previous report, reducËions in average effluent phosphorus
concentration resulting fron the ban were.projected to range frorn .75 to
2.L ppn (Harris and lJalker, 1985). Based upon the grab-sanple daÈa
analyzed above, the observed reduction averaged L.7 ppm, with a 951
confidence range of 1.1 to 2.3 ppm. Consldering that the grab-sample
data likely over-estlmate the concentraÈion reducËlon because they do
not reflect diurnal variations, the observed reductions appear to be
conslstent with the proJecEions. The range can be compared wiËh the
average 1.5 ppn reduction ln lnfluenc phosphorus concentrations reported
following detergent bans 1n Michigan and Wisconsin (Hartig and
HorvaËh,L982; Schuettpelz, et al.,L982; Sonzognl and Heidtke,1986); the
reduction ln effluenË concentrations in these staces was probabl¡r less
than 1.5 PPn because of phosphorus removal ln the treatment facllltles.

Estimates of loading reduccions to Chesapeake Bay can be developed
by nultiplylng the average concencration reductlon by the total flow
froxû creatment plants wlthout phosphorus lfunlts. Sellars et al.(1987)
esÈfnated Èhe total flow ar 112 ngd tn 1986. Applied ro rhe L.L-2.3 ppn
confidence range for concentratlon, che load reductlon would range fiàn
1,028 to 2,L48 lbs/day. Planned funplenenÈatlon of phosphorus controlsat major planÈs in 1987 will reduce the untreated effluent volume by
approxinately 65 rngd, or 581. As described by Harris and Walker (1985),
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the Irater quallty benefits of these reductlons must be considered in
relatlon to the total loadings Eo the Bay (on the order of 30'000
lbs/day) and to Ehe fact Èhac eutrophlcatlon Ls ll¡nlted more by nltrogen
than by phosphorus chroughout most of the Bay, especially during suruner.
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}IARYII¡ID EFFLI,'EIII PEOSPSORI'S DAÎA 1

Ptl¡ff
.¡d¡.r¡ .fb
¡¡drü! .fb
¡¡d¡¡rr ¡!b
aBd¡.n a atb

ballcugrr ct
ballcagrr ck

ballcngcr ck

belkngcr ck

bal.lcngor ck

balLrngt cl,

br¡11¡r
bc¡11¡
b¡¡11¡

boo¡¡¡ æbltc boc

boonr¡ oobtl¡ ho¡
boon¡c æbll¡ boc

booo¡¡ æbl,le bo¡
boour¡ æblb boo

booncs rcbilc hoc

boooo¡ æblh bo¡
boouo¡ æbilc h¡c
booao¡ æbt1. tE
booar¡ æbll. bE

borir rÈ eollcgo
borl¡ ¡è coll.g.
bod¡ ¡t coll.t.
bolrh ¡t colhgr
borrl. r¿ coll.t.
borrl. st collcgr
borl. sg collegr
borl. rt coll.t.
borl¡ ct collegc
bcf¡ st collegr
borl¡ st collct.

b¡oadrate¡
broadraùcr
blordrrtar
b¡oadrat¡r
bro¡drr¡tor

c¡lv.rt pllnca f¡.d
c¡Iv¡rt prlnc. fr.d
c¡lvrrt prlnc. fr.d
crlv.r¿ prlnco lrrd
cålv.rÈ prlaco frcd
cr¡-vGrt prlncc fred

crroll¡¡ fcdcr¡lsbu
carollne fcdar¡Icbu

FIÍH IEAR IqTâL P

0.006 85 8.0
0.006 86 3.5
0.006 86 3.5
0.006 86 3.7

0. {0a 85 0.3
0.{0{ 85 5.{
0.40a 85 6.7
0.40{ 85 7.5
0. r0{ 85 8.0
0. {0{ E6 3.0

0.2{5 85

0.2{5 86

o.215 66

0.041 85

o .'o¡L 65

0.0{1 E5

0.0r1 65

0.0{1 86

0.041 86

0.0{1 86

0.041 86

0.0a1 86

0.0{1 86

0.050 85

0.050 85

0.050 65

0.050 E5

0.050 66

0.050 86

0.050 86

0.050 86

0.050 86

0.050 86

0.050 E6

0.2s5 85

0.295 85

0.295 66

0.295 86

0.2e5 66

0.116 E5

0.116 65

0.116 85

0.116 E6

0. 115 86

0.116 86

o.282 85

o.242 E5

{.9
3.5
3.8

{.4
5.5
6.2
6.7
2.0
2.7
2.A

3.1
3.5
¡.3

1.2
3r8
4.2
5.3
1.1
1.E

2.L
2.t
2.L
2.7
2.8

2.7
3.1
0.6
1.6
2.6

2.3
3.8
1.7
0.6
2.2
3.1

2.O

2.7

I{ARI¡.AT¡D EFFLIJEIIÎ PEOSPEORUS DAÎA 2
PI.AIÌÎ F¡.OI{ IEâR ÎÍ}TAL P

cerolia¡ fcd¡¡el¡bu O.2A2 06 2.2
crrolin. f,cdtal¡bu 0.282 A6 3.2

cb¡lÈorl¡¡o boy¡
chclÈcnhao boys

cres¿vlen oat
cra!¿vlctt alt
cr.!èviat art
c¡a¡ùvicr ¡cù
cr€stvL.r ..t

c¡i¡fl¡Id
c¡1¡firld
csirfi.ld
c¡lsflold
crisflcld
c¡1,¡flold
crlctlrtd

c!o6 r@)r houring
cloæ tooy bousing
cro6 !úy hourl¡t
c¡ooo roq)r houslng
cro@ rGJ¡ bourlug
c¡o@ t6¡/ hourlug
cro(þ røJ¡ bourlng

c¿ fr.rûr
ct f¡¡íla
ct, f.rú!
ct t¡¡a¡

d¡anccuc
dam¡scu¡

d¡oa¡cuc
dana¡cuc
dao¡scu¡
dlaascu¡
danagcu¡

daoascu¡

daoa¡cuc

da¡l nrc cn cn

d¡rl nrc ca ca

de¡I ¡¡c ¡u cn

d¡¡l nrc ¡n cn

d¡rl a¡c ru cn

d¡¡l n¡c ¡n cn

dlrl arc ¡n cn
darl nrc ¡n cn
d¡rl n¡c cn cn

d¡rl arc ¡n cn

0.0a7 85

0.047 86

0.011 85 8. 6

0.011 85 9.5
0.011 85 9.5
0.011 85 11..
0.011 86 5.3

5.3
3.6

0.8
2.9
3.5
{.{
1.9
2.1
2.2

10.7
10. I
11.0
5.9
5.9
6.6

10.0

L2.5
t2.5
7.O

11.0

o.775 85

6.775 85

o.775 85

0.775 S5

0.775 86

0.773 86

0.775 66

0.006 85

0.006 85

0.006 E5

0.006 86

0.006 86

0.006 86

0.006 E6

0.002 85

0.002 85

o.002 86

0.002 86

0. {59 85 E. E

0.459 85 8.8
0. {5s 85 9.6
0. a59 86 3. {
0.{59 86 3.E
0.459 86 {.9
0.459 86 5.0
0.45S 86 5.3
0.459 86 

.6.2
0.008 65 2.5
0.008 85 3.6
0.008 85 {.3
0.008 85 4.6
0.008 85 5.6
0.008 85 5.8
0.00E E6 1.1
0.008 86 1.5
0.008 86 2.5
0.008 86 3.8
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IIARYII$D EITLT'EII1 PBOSPSOR,¡¡S DA1A 3

PTJI¡ÍÎ

aaEtoD

aaa¿on

art¿oa
ae¡¿oD

arr¿oD

aa3Èon

eâ!ion
att¿oD

.d66o€âd. school
adt.ro€ad. school
cdgmeade lchool
edgeoorde schoot
.dg€rocâd. cchoot
odgæcado school

¡lk n¡cL rt park
rl.L n¡cl st park
.ll ¡.ck !t pül'
¡ll u¡ct aÈ ¡nrt
.l.t n.€h rt parl

fort. hclght!
fort. h.lth¿s
forgc hr!,ghÈc

forg,r hrlghte
fort. h.1tbt!

f¡ed¡r1cL
f¡ederLck
fnd¡rlck
fr¡d¡rlcl
f¡cdc¡lct
t¡cdorlct
frodo¡icl
f¡cdcrfck
fr¡d¡rick

f¡ecdæ
f¡eedæ
freedoo
freedoo
f¡ccdæ
fildoo
frccdoo
f¡ccdoo
f¡¡cdoo

trlth.r r!ânor

talthcr o¡¡or
trl¿h.r DcnoE

tâi¿h€r oar¡or

6¡ith.r 6anor

HARYI^âIID EFFLI'EI¡Î PAOSPSORUS DAÎA {
FIÍT{ TE.âR lOlA¡. P

1.550 E5 {.3
1.550 85 r.6
1.550 85 s.9
1.550 85 6.5
1.550 E5 6.9
1.550 86 3. {
1.550 86 1.2
1.550 86 {.5

PI.¿r¡ÎÎ

galcna
gaLena

galcna

grooarboro
grccnaboro
greensboro

6reensboro

barvr dc grace

harvo dr gracc

harvo dc ¡race
hrrvr dr 6,racc

barvo dc gracc

harvr do gracr
banrc dr gracc

he¡rood ¡ ¡r
h¡Frood ¡ cr
br¡rcod ¡ ¡r
b¡¡rood ¡ ¡r
t¡rrrood s sr
b¡rrood ! s!
h¡nrood ¡ ¡r
h¡¡rrood ¡ ¡r

holldry æbib ¡¡
holtday æblle oc

holldey oobll. .r
bot ldry æbllo e¡
boltdey æbll¡ ¡¡
boltday æbflo o¡
bollday æbl,lo ¡c
holldey æbllo c¡
holldry æbilc cg

hollday oobila os

holldey æbll¡ c¡
hotldey æbllc ¡s

Jft htghray

Jft hithway
jfk highray

Joppatorno
J opp.t or.t¡€

Joppat'ont¡e

JopprtoÍzr.
joppåtotñ¡e

l¡onerd¡tor¡rn
Iaonrrdltoùn¡
lcon¡rdgtown
laontrdrtoflrr
laonrrdrÈorn

FLOI{ YEAR Î{NAL P

0.030 85 5 .9
0.030 86 5.1
0.030 E6 5.9

0.130 85 .. {
0.130 85 ..8
0.130 85 6.{
0.130 86 5.2

0.020 E5

0.020 65

0.020 85

0.020 86

0.020 86

0-020 86

o.o27 85

0.027 E5

0.027 85

o.o27 86

o.o27 E6

0.02{ 85

0.02a 85

0.02r E5

0.02{ 86

o.02a 86

a.762 65

a.762 85

1.762 E5

a.762 E5

a.762 65

a.762 85

a.762 E5

1.'t62 E5

..762 86

1.264 85

L.264 85

t.261 85

t.261 86

1.261 66

1.26{ 86

1.26{ 86

1.264 E6

L.264 66

0.012 85

0.012 E5

0.012 66

0.012 E6

o.oL2 66

L.222 85

L.222 85

L.222 86

L.222 86

t.222 86

t.222 86

L-222 ' 86

a.7

5.8
3-1
3.8
3-9
4-3

5.7

0.00i 85 0. {
0.00{ 85 1. 0

0.00{ 85 1- 4

0.00{ 85 1-6
0.004 86 c.5
0,004 86 0.8
0.004 86 0_8

0.00{ 86 t.7

0.062 E5

0.062 85

0.062 85

0.062 E5

0.062 85

0.062 85

0.062 85

0.062 86

0-062 86

0.062 86

0.062 86

0.062 86

4-8
5-0
5.3
5-5
5-6
7-O

7.1
3.2
3-2
3.2
3.3
3.6

3.7
7.7
6.9
6.3
8.i
9.0

1.5
2.6
4.1
L-7
5.5

0.9
1.3
4.0
1.5
2.8

5.1
5-2
5.2
5.3
5.8
6.a
7.8
9.2
7-9

{.5
5.1
5.8
0.5
0.E
0.8
t.2
1.9
2.1

1.0
6.7
2.a
2.5
{.8

0.016 85 ..9
0.016 86 8 .7

0.016 I . I

0.654 85 5. 0

0.654 E5 6. 5

0.654 86 3-5
0.65{ 86 3.5
0.654 86 3.7

o.zLS 85 5_7

0.219 E5 8.9
0.219 E6 !.7
0.219 86 3 -2
0.219 86 3.8
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!{ARYII¡ID EFILI'EIII PdGPEORUS DAÎA 5 IIARÏL/\IID ETTTUETü PEOsPEORUS DATA 6

PI.AIÍÎ

l¡onardsto*r¡

lyour cL mbl1
lyoar cl æbil
lyoua cl mbll
Iyonl cL. oobll
Iyonr cl. æbll
Iyona cL mbil
Iyona cL oobll
lyona cL æbll

oanchcster ¡rk

oanchcatrr ¡rL

oanchcstcr ¡ù
oanchester ¡ù

oarlboro oaadors
oa¡lboro oe¡doru
aarlboro oo¡dorrc

o¡rlboro oeado*¡
a¡¡lboro oeadon¡

oa¡l-bo¡o aeadors
aarlbo¡o oeadorr¡

oa¡lbo¡o acador¡

Ed ciÈy
od clty
Dd clty
od clty
d cl¿y
Ed city
d clty
Ed ctty
od clty
od clùy
od clty

od hougo of colr
d housc of corr
od house of cor!
od housc of co¡r
od house of corr
od housc of corr
od hou¡c of cor¡
od housc of corr
od bousc of corr
od houc¡ of cor!
od housc of co¡¡
od houcc of corr

od aanor
ud oanor
od aanor
od aanor

E¡¡I{ IEAR ÎÛTAL P

0.219 86 4.6
rum
od ¡¡¡ror
d n¡nor
d o¡¡o¡
d oa¡or
od nanor

od oanor

øtf.ty?
olfry?
o1.foy?

Dlf.y?
alf.y?
otfoy?
olfry?

rcnÈrola ¡cbool
Eontrolo school
Eon¿rosa ¡chool
æltror. ¡cbool

ta¿ cr¡ilal r.oodr

ot c¡¡,'mcl roods
Et crrúal rroodr

ot c¡¡:u¡l rood¡

oyrnvlllo
oyrravlllo
øyrnvtltr
ryonvlllc
oyonvillr
Ey.rsvill.

ucç rl¡dsor
n¡í rlndgo¡
ne ri,nd¡or

ocaân piDar
oca.¡¡ pl!.s
ocarn pl,Da!

ocaar¡ pinas
ocaa¡ plnca
ocaa¡ plDar
oêa.n pln.!
oc.¡¡ PiDar
ocarD pina!
ocaa¡ p1¡¡.!

perkray
prrkr,ey
parlray
parkray
parkray
parkray
parkray

FI.OII TEâR lOlAL P

0.065 86 1.1
0.065 E6 1. 1

0.065 86 L.2
0.065 86 1.3
0.065 86 1. 9

0.065 86 3.1

0.054 65

0.054 85

0.054 85

0.05{ 85

0.05{ 86

0.05{ 86

0.05{ 86

0.054 86

0.016 85

0.016 85

0.016 E6

0.016 86

0.296 E5

0.296 8s

0.286 E5

0.296 ô5

0.296 85

0.296 86

0.296 E6

0.296 86

0.610 65

0.6t0 85

0.610 85

0.610 85

0.610 85

0.610 E6

0.610 E6

0.610 86

0.610 86

0.610 86

0.610 86

0.987 85

0.987 85

0.987 85

0.967 85

0.987 85

0.987 85

0.987 86

0.987 86

0.987 86

0.9E7 66

0-987 86

0.987 66

0.065 85

0.065 85

0.065 65

0.065 85

2.5
4.0
\.7
4.8
1.a
1.4
1.5
L.7

1.7
7.1
a.7

-5. 
6

0.s
1.1
t.2
3.3

L2.O

1.6
3.5
4.8

2.9
3.6
5.3
E.3

E.{
1.8
3.2
3.¡
a.2
4.2
{.t

0.5
o.t
0.9
1.5
2.6
3.3
0.6
0.7
o.7
0.9
1.0
1.3

r.3
5.9
6.{
6.8

0.174

0. 171

0.17r
0.174

0. 17{

0. 17{

0. 17{

o.027
0.027
o.o27
o.027

0.012
0.012
0.012
0.012

0.048
0.048
0.0a8
0.046
0.048
0.0{8

0.028
0.028
0.028

0.382
0.382
0.302
0.382
0.382
0.3E2

0.382
0.382
0.362
0.3E2

4.037
¡.037
4.037
4 .037

{.037
\.o37
4 .037

8.2
E.Z

8.2
5.2
5.5
5.8
6.0

3.{
7 -a
8.7
8.8

7.9
8.8
{.5
a.8

6-2
6-2
6.3
6.9
7-6
4.0

6.2
3.8
a.5

3.7
5.9
6.0
8.1

10. 7

11. 5

2.5
a-2
5.{
6-2

2.5
3.9
8.9
0.8
1.5
1.9
2.2

85

85

85

86

86

86

86

85

86

86

85

85

85

86

85

85

86

E6

85

85

85

E5

85

86

85

85

85

86

86

86

86

85

85

85

85

85

85

E6

86

86

E6
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II|ART'.A¡ID ¡¡F¡,TNM PEOSPSORUS DAÎA 8

UARYI-âI{D ErT,LI¡NN PSæPSORUS DAIA 7

Pl.âm
parLraY
pcrhray

p.rLrty ln¡r
pâlLnùy lnn
parkxay lnn
parkxay !'nn

parkrray tnn
perkwaY inn
perkray lno
parkray lnn
parLray !'nn

prrLray lna
parkray lon

pÂ¿âP¡co

pÀ¿tpsco

pâgtprco
p¡È¡Plco
p¡¿¡P!co
prÈlptco
pt¿tPaco
ptgaPtco

P.¿.P!co
p.tåp!co

P.t.P¡co
¡¡.f¡P.co

FLOH tE¡rR rcÎAL P

{.037 86 2.3

4.037 86 2.3

PI.âXÍ

¡*rcaaant rldgr
¡lhrasanL rld¡'e

¡iboaetni rld¡l
ghcarant ridgc

plne hil! nm

pinr hill n8
ptao hlll no
ptnc hlll no
plnr btll rrm

ptn. hlll n8
plnc blll n-o

pIa. htll trn.

poolesvlll.
poolcavllk
pool-esvlllr
pooI.lvlll.

pouærc b¿

poÙoac bt
potútc ht
potæac ht
potütc b¿

po¿6ac ht

PrlrrCa!! lEa
PriDCala aEla

priucolr annr

prlt¡ca!! tEa
prlocore anno

princoal amo

princesr_ anar

quaatl a¡ll¡as co

quacn an¡raa co

quacr¡ ¡nnat co

quaan a¡raat co

quaau lnnes co

qu€on ü¡ncs co

qu€€n a¡rD€E CO

quaan at¡n6a co

qu€aD ennaa co

quaorrs¿ofn

quaonr¿otla

quaarrgÈorrD

quacnatonra

qu.€nstoffir

rock hall
rocL h¡l!
rock halt
rock hall

FT.O}I TEAR IOIAL P

0.015 85 6.1

0.015 86 3. E

0.015 66 4.1

0.015 66 5.7

2.013 85 6.0

2.013 85 6.{
2.013 85 6.5

2.013 E5 7 -8

2.013 86 3. {

2.013 86 3.7

2.013 86 3.8

2.013 86 3.9

0.270 85 8.0

0.270 86 1.6

0.270 86 1.9

0.270 86 3.3

o.us E5 3.E

0.179 65 4.5

0.179 85 5.2

0.179 85 5-7

o. 179 86 3.1

0.179 86 \ -2

0.389 E5 2-L

0.389 E5 5.9

0.389 85 6'0

0.369 E5 7 -5

0.389 65 11.5

0.389 E6 5.5

0.389 86 6.1

0.661 85 5 -2

0.661 85 6. {

0.661 85 6.7

0.661 85 7.L

0.661 E6 {.0
0.661 86 5.0

0.661 86 5.0

0.661 E6 5.3

0.661 86 5.6

0.056 E5 1.9

0.058 85 2-6

0.058 86 1.8

0.058 86 2.2

0.058 86 ¿' '2

0.L24 85 0 -2

0.12{ 85 2.8

o.L21 86 1. t
o. 124 86 1.1

0.033 85

0.033 85

0.033 85

0.033 85

0.033 85

0.033 85

0.033 86

0.033 86

0.033 86

0.033 86

0.033 86

3r.880 65

3r.880 85

3{.880 85

34.880 66

3{.880 E6

3{.880 06

3{.880 86

3{.680 86

3{.E80 E6

34.660 E6

3¡.8E0 86

34.880 86

1.1
1.9
2.2
2.8
3.8
{.3
1.1
1.{
L.7
3.1
5.6

2.4
3.6
3.8
0.8
1.2
L.2
1.{
1.5
1.5
2.I
2.3
2.7

\.2
1.7
5-7

5.8
1.0
1.1
L.7
2.4
2.6

3.0
3.3
4.4
7.1
2.9
3.8
4.0
{.4
{.9
3.2

3.9
4.6
6.8
2.1

p.Èur.ût æbil. .s¿ 0.026 85

p¡tu¡.Dt æbll. .!t 0'028 85

p¡t'ur.n¿ æb11. .!t 0'028 85

p¡¿ur.nÈ æbll. .rt 0.028 85

p¡¿ur.nt mbllc est 0-028 86

ptgur.r¡t æbllo c¡! 0.028 86

plturen¿ æbll. ost 0-028 86

p.t¡¡x.n¿ æbll. .!¿ 0-028 66

p.tur.n¿ mbtl¡ rst 0.028 86

prtu¡.nt rtldtllc 0.016 85

p6ùur6n¿ rlldtlfe 0.016 85

prturen¿ rl'Idllfe 0-016 85

p.tur.n¿ rildlif¡ 0.016 85

p.¿ur.D¿ rlldltlc 0'016 86

p.tur.n! ritdllfo 0'016 E6

p.tur€nt rltdllfc 0.016 86

p.tur.r¿ rildllfr 0-016 86

prÈu¡.nt rildttfc 0.016 86

p.tu¡en¿ rlldltfc 0.016 86

p.¿.r Pan inn 0.005 85

pa¿€! Prn tnn 0.005 85

pð¿r! Pan lnn 0'005 85

p.¿cE Pln ln¡¡ 0'005 86



-¿L-

I{ARYI.AIID ETTIUEIIÎ SEGPEORUS DAÎA S

FI.Oi{ YEåR ÎÛÎAL P

0.12a 86 1.5
0.124 86 L.7

Pt-At¡Î

rocl hrll
rock h.II

ro¡a hrvan
roaa hwón
ro3c havan

ro!a hâven

!o3a hå. on

roaa bavan

loaa båvoD

rora hùvoD

losa hå. cD

rose hwaB
¡osa hrva¡

lPrln! E€ldotrs

rpslDt o€âdonts

lpllDt oaadoî.s

.tr@.¡ blll
su@.r blll
3l¡¡ú.Ì hlll
suEfD.r blll
su@.! hlll
¡u@.! hIll
¡re.r blll
rre.r b111

trñ.! hlll
rr¡ú.r blll
!te.! h1:,1

¡lm.! hlll

tå¡aytoin
¿ânay¿on¡t

trn.ytoúû
¿.¡.ytora

tburæn¿
¿hurænt
thur@Di
¿hurænt
¿huræn¿

èhulrDong

¿hu!:EoD¿

thu¡:Don¿

tbu¡æa¿

¿lans cont ga¡

bra¡rr con¿ ta!
brana couÈ gaa

Èra¡¡a cont tàa
¿rrnr conÈ tar
t!rt¡! con¿ taa
¿aa¡r3 con¡ ga!

0.0{5 85

0.0r5 85

0.0{5 85

0.015 85

0.045 85

0.045 86

0.015 86

0.0¡5 86

0.0{5 86

0.0{5 86

0.0{5 86

0.008
0 .008

0.008

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0 .010

0.010
0.010
0.010

o.225
o.225
o.223
o -225

E5 4.6
86 2.8
86 4.5

85 1.7

85 5.9
85 6.1

E5 6.5

86 à.t
86 2.7

E5 2.9
86 2,9
86 3.9

HÂRILIUID ETTLUEI|Î PBO8PSORUS DATA 10

Plr¡|Î

r.oloa bldgc
rotoû bldt.
ualæ bldge

FI.('I{ IEAR tOlT¡ P

Íryson! nobllo bæe 0.049

ruylonr æbll¡ booe 0.0{9
râyaon! æbll¡ t¡æc 0.0{9
rlâysoos æbilo hoo¡ 0.0f0
ïayrons æbll¡ bæc 0.0{S

rrJrlonr æbtb hæc 0.0{9
Íayson! mbll¡ bæe 0.049

rrayron! æbllt hø¡ 0.0{0
mylo¡r rcLil¡ bæ¡ o.o{9

0 .069

0 .069

0.069

85

85

86

{.1
7.0
8.0
8.6

10.5
1.8
1.S

3.2
3.6
1-2
5.0

2.2
8.2
5.3

1.'
5.1
7.6
8.8
8.8
9.1
0.E
L.7.
1.8
2-5
2.5
a.8

3.6
2.9
3.7
4.4

ra!¿.Lt br¡¡ch
í.atañ bre¡ch
Í.¡¿.r¡ b¡¡nch
ra¡¿aaa brr¡cb
r.¡¿anr br¡ncb
raa¿.ra bt¡ncb
rarlara bra¡¡ch

rla3gcrn brancb

nhltr ¡ocl
nblt¡ rocL
rrhtte roct
rbltr rocl
rrhlt¡ rock

¡.0.68E '85

10.688 85

10.688 85

10.688 86

10.688 E6

10.688 86

10.688 86

¡.0.688 86

3.0
3.S

4.1
1.1
1.1
1,4
1.4

1.5

0.013 E5 7. E

0.013 85 8.0

0.013 E5 8.1
0.013 85 9.1
0.013 86 {.1

65

E6

86

86

85

85

85

85

85

85

E6

86

E6

E6

86

86

85

65

85

86

86

66

86

0.388 85 5.6
0.388 85 5.6
0,388 85 6. 7

0.388 65 6.7
0.388 85 7.5
0.388 85 7.5
0.388 65 8.1
0.388 85 8.5
0.388 86 5.3

0.001
0.001
0.001
0.001
0.001
0.001
0.001

ta.2
16.5
20. E

3.8
4.2
4.3
6.0


