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A statewide phosphate detergent ban went ínto effect ln lfaryland on
December 1, 1985. Sinilar leglslatlon became effective in the Dístrict
of Columbia in September of 1986. Projected benefiÈs included
Ímprovements ín the quality of Chesapeake Bay waters due to reductíons
ín phosphorus loadings from nunicipal dlscharges nithout phosphorus
removal fac11lties. Llnlted data indicate thaÈ phosphorus
concentratlons in sewage dlscharged from the Ìfaryland treaÈment plants
without phosphorus removal facllltles decreased an average of 33Y"

(![alker, 1987b). Ilowever, dlrect relationships between phosphorus
loading and blologlcal- responses ln the Bay, as measured by peak algal
denslties or by the depletion of dissolved oxygen from bottom naters,
cannot be presumed because these responses are controlled by many
factors including phosphorus, nitrogen, ltght temperature, and
hydrodynamlc features (llDOEP, L987, USEPA, 1987). This report describes
eutrophicatlon-related water quallty condLtfons in the B.y, íts
estuaries, and its trlbutarles before and after Lmplementation of the
phosphate detergent bans, based upon analysis of monitoring data
collected between nid 1984 and nid L987.

Analyses of rfver nonltoring data indicate that reducÈions in
phosphorus loadlngs to the Bay resultLng fron the phosphate detergent
ban are simllar to proJectlons nade prior to the ban's fmplernentation.
Other factors, including nunicipal phosphorus removal, reduced
phosphorus loads further during the study perlod. However,
correspondlng decreases in algal productivity were not detected at Bay
or estuary stations. Ifhile thÍs result could reflect algal changes that
rrere too small to detect, the lack of algal response is clearly
consistent rslth observations made 1n thLs report and by others that
factors other than phosphorus, particularly nitrogen, regulate algal
growth and related reater-quallty condf.tlons.

The full range of costs and benefits must be consldered ín
evaluatlng the phosphate detergent ban and 1n comparfng it with
alternative strategies for achieving the same management objectives.
ConsiderLng the snall changes in phosphorus loading resulting from the
ban and the fmportance of limitlng nutrients other than phosphorus, Lt
fs clear that the ban in itself contributes 1lttle to the cause of
restoring the Bay.
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ETEGUITilTE SI'UITARY

fntroductlon. A staterrÍde phosphate detergent ban rvent into effect in
t{aryl-and on December 1, 1985. Slnllar legislatlon became effectíwe in
the Dístrlct of Coh:mbia tn Septenber of 1986. Projected benefits

incLuded improvements ln the quality of Chesapeake Bay waters due to

reduetlons in phosphorus loadlngs from nunicipal discharges sithout
phosphorus removal facillÈ1es. Linlted data lndicate that phosphorus

concentrations tn sewage discharged fron the lfaryland treatment planÈs

nlÈhout phosphorus removal facil-lties decreased an average of 33%

(llalker, f987b). However, dlrect relationships between phosphorus

loadlng and biologlcal responses ln the Bay, as measured by peak algal

densíties or by the depletlon of dissolved oxygen from bottom rraËers,

cannot be presumed because these responses are controlled by many

factors fncluding phosphorus, nitrogen, light, temperature, and

hydrodynamic features (MDOEP,L987 ; USEPA, L987) .

This report describes eutrophlcatlon-related water-qualíty

condltlons in the Bay and lÈs estuarles before and after implementation

of the phosphate detergent bans. Because of the accuracy and intensity
of Bay monltoring efforts, lt 1s possible to compare pre-ban and post-

ban water quallty in a statistfcaL sense. AlLhough differences between

these trÍo tine periods may be detectable, it ís very difficult to

attríbute observed differences to specÍfic causes because of the

conplexity of the Bay and lts watershed and the numerous sources of

varlablllty. Four factors that have the potential for producing or

contrlbuting to observed changes in water quality are:

(1) natural changes (assoclated wlth hydrology, veather,

etc. ) ;

<2> changes caused by the phosphate detergent ban;

(3) other changes induced by man (watershed development,

rratershed management, rtastevater treatment, flow

regulation, etc.); and

(4) sanpling and analytical varlatlons, rrhlch impose limitations
on the abfltty to detect changes due to the above factors.
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On a Bay-wide scale, estinatlon of water quality changes brought about

by the phosphorus detergent ban through analysis of monitoring data is
lnfeaslbJ.e, given the other sources of variation, relatively short
perlod of record, and the relatlvely small change in phosphorus loading
resuLting from the ban. In this report, potential- impacts of the ban

are considered in relation to the overall phosphorus balance of
Maryland's portlon of the B.y, as calculated from point source

inventories and rlver nonftorlng data collected over the study period.
Factors controlling algal productlvlty ln the Bay as a function of
season and locatlon are assessed as a means of evaluating the

sensltlvLty of algal productivity 1n the Bay to detergent phosphate and

other nutrient sources.

Data Sorrrces. llater quality and flos date for analysf.s are deríved from

nonltorlng programs conducted by the Maryland Departnent of the

Envlronment and the U.S. Geologlcal Survey. Most of the information iras

collected sith the support and guidance of the EPA Chesapeake Bay

Program. Three types of nonitorfng statlons are consÍdered: river
(above the Fall Ltne), estuary, and Chesapeake Bay malnstem stations.
Ríver station data cover the perlod fron July 1984 Èo ìfarch L987 (in
some cases, to Septenber 1987). Estuarine data cover the period from

October L984 through January L987, and Bay data, from July 1984 through

July 1987.

Inoacts of Ban ¿t River Stations. At river monitorfng statlons ¡rlth
relatlvely hlgh upstream senage florvs, mass-balance caLculations show

that observed reductions in stream phosphorus loadings under lorr-flow
condltlons followlng the phosphate detergent ban rrere consfstent ¡yith
the average observed reduction ln effluent phosphorus concentratfons at
the lfaryland treatment plants without phosphorus removal faeilíties.
The data base does not pernlt detailed evaluatfon of bíologícal
responses at river statlons. Such responses aÍe líkely to be small

because soluble reactive phosphorus concentrations generally exceed

grorrth-1lmitlng levels at rÍver stations, where physical factors
(velocfty, resldence tfme, temperature) usually linlt peak algal
densfties. At the rLver statlon with the highest monitorlng intensity
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and most pronorxtced reductlon ln phosphorus concentratÍon following the

ban (Patüxent Rlver), su¡nmer mean chlorophyll-a concentratlons remalned

at verJ¡ 1ow level-s ln 1985 (3.3 ppb) and 1986 (3.6 ppb).

Iml¡acts of Ban on Phosphonrs l¡ads Enterf¡rg the ldaryland Portlm of
Glresapeake Bay. Elfininatlon of detergent phosphorus from the LLz

nilllon gallons of serrage dlscharged .daily wlthout phosphorus removal

could account for 2,4 to 11.12 reductlons ln the amount of phosphate

entering the lfaryland portlon of the Bay between January 1986 to

Septenber L987, based uPon quarterly mass balances. Percentage

reductlons cortespondlng to the 7L ngd slthout phosphorus renoval after
1987 are lower, ranglng fron 1.8 to 7,Lf ,

Othet factors caused the overall phosphorus load reductions to

exceed those associated sith the ban. The other factors lncl-ude natural
varÍatlons, attributed to changes ln hydrology and weather, and

reductlons lnduced by nan, such as watershed management and inproved

nr:nlclpal \rastewater treatment. For example, phosphorus loads entering

the ì{aryland portlon of the Bay were LLf lower in the Spring of L986

than Ln the Sprlng of 1985; the ban could account for a load reduction

of 71. Summer loadlngs from all sources were 252 lower in 1986 than in
1985; the ban could account for an 112 reductlon durlng thís perlod.

These changes ln loadtng rrere deteeted over a period of relatively
low rr¡noff for all naJor trlbutarLes of the Bay, a conditlon which would

tend to lncrease the relatfve lnportance of polnt sources (lncluding

detergent phosphates) vs. nonpoint sources as factors contributing to
the total nutrlent loading. Percentage reductions in phosphorus loading

aÈtrlbuted to the ban would be lower durlng perlods of average or above-

average runoff and/ot lf atnospheric and bottom sediment sourees of
phosphorus sere also consldered.

Changes in phosphorus loading are neither equivalent nor directly
related to changes ln Bay lrater quallty, as measured by algal density or

dlssolved oxygen. The evaluatf.on of sater quallty impacts of the ban

must conslder both the observed changes ln overall phosphorus loading
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and the potentlal sensltlvlty of algal grosth to changes ln phosphorus

concentratLon as a firnctlon of season and locatlon Ín the Bay.

Im[ncts of Ban on llater OualltJ¡ in the llaryland PortLon of Ghesapeake

Bay. Consistent wlth decreases ln phosphorus loading, statístically
slgnLfleant decreases ln seasonal mean phosphorus concenËratlons rùere

neasured at several Bay and estuary statlons betseen 1985 (pre-ban) and

1986 (post-ban). Sprlng total phosphorus eoncentrations were

signlflcantLy lower at 10 statlons out of 37 with sufflcient data;

Sr¡¡nmer concentrations r¡ere loser ax 7 statlons out of 40. Only one

sanpling statÍon out of a total of 77 Bay and estuary stations had a

statlstically slgnlffcant reduction ln algaL denslty, as measured by

chlorophyll-a concentration, coincldent wlth a statistlcally signÍficant
reductlon in phosphorus concentration. Both Spring and Summer

conditions in 1985 were compared to 1986. The apparenÈ reductlons in
phosphorus and chlorophyll-a at thfs one statlon (Choptank River) could

be attrlbuted to variatLons in streamflow. The lack of detectable
biologlcal responses at other locations with detectable reductLons in
phosphorus is conslstent wlth the spatlal and seasonal distributions of
linltlng nutrients, with statlstical dlfficulÈles associated wlth
detectlng small changes fn algal denslties, and with results of model

simulations designed to evaluate the sensitfvlty of algal prlnary
productlon to changes 1n soluble nuÈrient concentratÍons as a functíon
of ttne and location in the Bay.

The data analyzed ln this study suggest that no Ínprovernent in Bay

condltLons occurred over the tine period studied with respect to algal
productlon or conpliance ¡rith management goals, desplte reductions 1n

phosphorus loadings attrlbuted to the detergent phosphate ban, lnproved

wastesater treetment, and oüher factors. The frequencfes of observed

chlorophyll-a values exceeding the 1-5 ppb management goal nere l-.9 .87" Ln

1984-1985 and 2L.6% ln 1986-l-987. The tinlng, rate, and maximum

vertieal extent of oxygen depletfon 1n 1986 and 1987 were at least as

severe as those measured in prevlolls years, lf not more so, partLcularly
ln the southern portlons of the Bay ln Maryland (e.g., mouth of Potomac

Rlver).
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Rnlas of N{trose-n- Phosohorus- and SLllca Llil BaY ALeal Blooms. A

naJor, sustained algal bloom (chlorophyll-a > 30 ppb) occurred in the

Bay between the nouth of Patuxent and the Vlrglnfa state line over a tlro
monrh perlod tn the Sprlng of 1987. Peak algal blomass was limited by

slllca ln the Sprtng and by nitrogen 1n the Sr¡¡nmer. Blooms also

occurred In the Bay betveen Annapolls and the Patr¡xent River during the

Strnmers of 1984, 1985 , 1986 and L987 . These su¡nner blooms \fere

generally accompanled by rapid Íncreases Ln ortho-phosphorus and ammonia

concentratl-ons, apparently caused by upwetLing of nutrient-rich bottom

rraters. Peak blomass levels sere controlled by nltrogen.

Desplte signlficant reductions in phosphorus loadlngs to the UPper

Bay achleved since the 1970's, nftrogen remalns the prímary llniting
nutrÍent durlng the Sunner south of Annapolis. Sillca llnits peak

diatom populatlons during the Sprlng south of Petl¡xent River. Under

these condltions, the productivlty of the Bay and resultlng depletion of

dlssolved oxygen from botton waters are very lnsensiÈive to small

changes ln phosphorus loadlngs attrlbuted to the detergent ban.

Further, potentlal beneflts of phosphorus controls that rnight occur in

freshrsater reglons are partially offset by dlsplacenent of nltrogen,

s1l1ca, and productivity to lorrer regions of the Bay, where most of the

remalning viable shellfish beds are located.

Inoortance of l{ltrogen Gontrols. A focus on nitrogen loadings ls
required !f slgniflcant reductfons ln productlvity and oxygen depletfon

are to be realized. NutrÍent baLance computations indlcate that

l{aryland polnt sources account for only L4f of the total nltrogen

loadlng to the t{aryland portlon of the Bay. Thls suggests the relative
lmportance of addressing nonpolnt nltrogen loadings. Such loadf.ngs may

have been significantly underesttmated ln previous - nodeling studles

(USEPA,1983; Ffsher et al.,1988), based uPon comParlsons with nitrogen

loadlngs calculated in this report using recent rLver nonitorlng data.

The ftnportance of controlling nitrogen, as well as phosphorlls, ln order

to conrrol Bay productivlty is reflected 1n the DrafÈ Bay Agreement,



¡rhlch cal1s for a 401 reduction Ln both N and P loadings below 1985

1eve1s (USEPA,1987) .

Potential- hrtrrre Detergent Phosphate Inpacts. For a 25-7L ngd range of
effluent volumes that nay not be subject to phosphorus effluent línÍts
in the future, reductlons ln phosphorus loading to the lfaryland portíon
of the'Bay attrfbuted to Èhe ban r¡ould amount to J -31- of the 1985

loading. Corresponding percenÈage reductions ln aLgaL productivity
would be Lower because of the importance of growth-llnitfng factors
other than phosphorus, perhaps ln the range of 0.3 to 0.82, based upon

interpolation of USEPA(1987) nodel results.

Concluslon. Reductions in phosphorus loadings to the Bay resultíng
fron the phosphate detergent ban are sinilar to projections nade prlor
to the ban's lnplenentatlon. Other factors, lncluding rnunícipal
phosphorus removal, reduced phosphorus loads further during the L984-

1987 study perlod. However, there was no detectable decrease Ín algal
productivlty ln response to the phosphorus reductions. llhile this
resul-t could reflect algal changes that were too snall to detect, the

lack of algal response 1s clearly conslstent rrith observations made in
thls report and by others that factors other than phosphorus,

particularly nitrogen, regulate algal growth and related water qualíty.

The full range of costs and benefits must be considered in
evaluatlng the phosphate detergent ban and ln conparfng lt sith
alternatlve strategles for achl.evlng the same management objectives.
Considering the snall changes fn phosphorus loading resulting from the

ban and the importance of llnftlng nutrlents other than phosphorus, it
is clear that the ban !n itself contributes little to the cause of
restoring the Bay.





INIRODT'CTTON

A staÈe¡yide phosphate detergent ban rvent Lnto effecÈ in }Iaryland

on December l, 1985. Slnllar legislatlon was enacted ln the DistrÍct of
Colunbia and became effective in September 1986. Projected benefits
included reductlons in phosphorus loadfngs to Chesapeake Bay from

nunicipal dlscharges rcithout tertiary phosphorus removal facilitles
(Jones and Hubbard,1986). Baslnnlde efforts at reducíng point and

nonpolnt nutrient loadings have been undertaken to curtaíl
eutrophlcatlon and related sater quallty problems fn the Bay and lts
Èrlbutaries. Direct reLatfonships between phosphorus loadlng and

biological responses in the Bay, as measured by peak al.gal densíties or

by depletion of dissoLved oxygen fron bottom waters, cannot be presumed,

hor¡ever, because these responses are controlled by several factors,
includf.ng phosphorus, nltrogen, llght, temperature, and hydrodynamie

features (IIDOEP, L987 ; USEPA,1987) .

Ìfonftoring data indlcate 27 -35f reductions ln influent phosphorus

concentratLons at major treatment plants followlng the l{aryland and DC

bans (Jones and Hubbard,1986; Boonan and Sed1ak,1986). Linited data

lndicate an average 332 reductfon 1n effluent concentrations from

Maryland treatment plants without phosphorus effluent limitations
(Ifalker,L987b). Harris and l{alker (1985) projected that a phosphate

detergent ban would result in 2,7 to 7.2f. reduction ín phosphorus

loadlngs to the l{aryland portion of Chesapeake Bay under 1985 effluent
linitations. I{lth full lmplementation of planned phosphorus removal

facllities at nunicipal treatment plants, Èhe proJected load reductíon
ranged from 1.6 to 5Z for an average hydrologic yeat and from 2 to 6y"

for a dry year. The proJected changes are small because phosphorus

loadÍngs from nonpoint sources ere importanÈ and more than 80% of the

total effluent volume fron maJor polnt sources has phosphorus effluent
limlts. The estf.mate ranges reflecÈ various assumptions regarding

changes in fnfluent and effluent concentrations and se\rage phosphorus

loss in transport (Harris and llalker,1985).
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The followfng report describes eutrophicatlon-related water quality
condLtLons ln the Bay and fts trlbutaries before and after
lnplementatlon of the phosphate detergent bans. One task ls to evaluate
rrchanges'r in water quallty followlng the ban. Glven nonitoríng
prograns wlth sufficlent lntensity, conslstency, and quaLity control (as

emphasLzed ín current Bay nonltoring efforts), it 1s possible to
characterlze water quallty condltlons durlng a given tíne perlod and Ëo

compare then ryith conditlons measured during other tfune períods. fü is
also possible, Èhough ¡vith some difficulty, to test ¡rhether observed

changes are statlstically slgniflcant (e.g., whether the means are

dlfferent).
descriptlve.

These exercises are essentially statlstlcal and

Causal ínferences are much more dffflcult because of the conplexíty
of the Bay and its ¡ratershed and nu¡nerous sources of variability. In
Lnterpreting observed changes in rrater quallty, it is useful to consider

four types of varlations:

(1) natural varlations (assoclated rrith hydrology, elimate,
etc. ) ;

(2) variatlons caused by the phosphate detergent ban;

(3) other varlations induced by nan (watershed development,

rfasteÌfater management, flow regulation, etc.); and

(4) sanpling and analytfcal variatlons.

Types l, 2, and 3 are ffrealrr (actually occurred ln the sysÈem being

monltored). Type 4 varlatlons are nunrealr' (occurred in the data but

not ln the sy'sten), but inpose linitations on the abillty to detect real
ehanges. On e Bay-wide scale, identiflcation of Type 2 variations
through data analysls ls lnfeasible, given the other solrrces of
varlation, relatlvely short perlod of record, and the relatÍvely small

change ln phosphorus loading expected to result from the ban.
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Glven the above conslderatlons, the prinary objeetlves of the

analysÍs are:

(f) to quantlfy changes ln phosphorus concentration and

loadf.ng at stream monitorlng statlons following the
phosphate detergent ban and relatlonships with upstream

nunlcipal discharges;

(2) to quantlfy nutrlent loadlngs to Èhe lfaryland portion of
Ghesapeake Bay durlng years lnnediately precedlng and

foLlowlng the ban, based upon municlpal effluent data and

monitoring data from rlver statlons at the Fal1 Line;

(4) to estlmate lmpacts of the ban on the Bay phosphorus

budget under exlstlng and future phosphorus effluent
linlts;

(5) to test for statfstfcally slgniflcant changes in
phosphorus, chlorophyll-a, and other nater quallty
varfables followlng the ban at monltorlng stations in the

Bay and its tributaries;

(6) to evaluate factors controlllng algal productivity as a

function of season and location based upon measurements

of soluble nutrients and other sater quallty components;

(7) to assess the sensitivlty of algal productivity in the

Bay to the detergent ban, based upon the projected
changes ln phosphorus loading and spatíal/seasonal
distrfbutions ln gronth-llnftlng nutrient.

Results are described below, following discussf.on of data sources and

hydrologlc condltions present durlng the study period.
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DATA SOTIRCES

The water quality d¿ta analyzed belos are derlved from monitoring

programs conducted by the State of Ìlaryland and the U.S. Geologieal

Survey between July 1984 and September 1987. Thls perlod lncludes L7

months before and 22 nonths after enforcemenÈ of the llaryland ban on

December 1, 1985. Although the DC ban was offlclally lnplemented in
Septenber of 1986, lts effeets sould be felt more or less simultaneously

f,'lth those of the }faryLand ban because of dlstrlbutLon patterns by

reglonal supernarket chains (Jones and Hubbard,f986). In July L984,

anblent monitorlng aeÈivltLes of the l{aryland Department of the

Envlronment (then the llaryland Office of Envlronnental Programs) and the

U.S. Geological Survey were intenslfled, as part of Ba¡ride monitoring

efforts coordinated and supported by the U.S. Environmental Protectíon

Agency. Longer periods of record have also been anal-yzed for a few

statlons wfth adequate data.

Ifater quallty data have been compiled for three t1æes of monitoring

stations:

(1) Rlver Stations: in freshwater segments of
streams, creeks (above the Fall Llne) .

rivers,

(2> Esüu¿ry Statlons: in tidal segments or at mouths of
rlvers discharglng into the Bay;

(3) Bay StatLons: Chesapeake Bay fron the mouth of the

Susquehanna Rlver to the Vlrginla state líne.

Under terminology adopted by the EPA Chesapeake Bay Program, these

statlon groups are referenced as ttFall-Lineu/"Core", trTributaty", and

tr}fainstemrr, respectively.

River stations were identlfied through a search of STORET, EPA's

nationwfde water quallty data base, for amblent nonitoring stations ín

l,faryland nlth toÈal phosphorus data for 1985 and 1986. Data \rere
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subseguently retrieved and screened based uPon sanpllng frequency

(rnlnlnum g samples /year ln 1985 and 1986) and upon the avallabillty of

streamflow data for pafrlng wlth nater quality measurements. Data from

4 USGS rlver statLons for sater year L987 (not yet posted on STORET)

have been obtalned from the USGS through the llaryland Department of the

Environment. Rlver statlons ¡rlth dralnage basins prímarlly outside of

llaryland and/or without nunlclpal discharges (e.g., Susquehanna, Upper

Ìfonocacy, Upper Potomac, Upper Ghoptank) provlde approximate controls

for dlstingulshing random year-to-year variatl-ons (assoclated with

hydrologic varlatLons, for exanple) from those assocLated rrith the

detergent bans.

Streamfl-ons required for analysls of river monitoring data have

been obtaíned fron STORET. Recent provisional data (water year 1987)

have been obtained directly from the }faryland office of the U.S.

GeologicaL Survey.

Estuary and Bay data have been obtained from computer fíl-es

malntalned by the EPA's Chesapeake Bay Progran in Annapol-is. The data

have been transferred on tape to the USEPA's Natfonal Gonputer Center

and subsequently downloaded to a mlcrocomputer for anal-ysis. The

Estuary data set spans from October 1984 through January L987, The Bay

data set spans fronr July 1984 through July 1987.

The cooperatLon of the EPA Chesapeake Bay Progran, l{aryland

Department of the Environment, and the U.S. Geologlcal Survey in
provl-ding thls information is gratefully acknowledged.

ETDROI¡CIC COI{DITIONS

Streanflons impact river water quality through such mechanisms as

dilution, runoff, and scourfng. Florss also lnfluence Bay responses to

nutrient loadlng because of the impacts of turbidity, resÍdence time,

and hydrodynanic factors (UDOEP,1987). For these reasons, flow

varLattons must be considered in lnterpreting irater quality data from

Èhe Bay and lts trlbutaries.
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Rr¡noff averages 16 fnches/year ttrroughout most of lfaryland

(USGS,L976). FaLl Llne gauglng statlons on the Susquehanna, Choptank,

Potomac, and Patuxent Rivers accor¡nt for approximately 82I of the Èotal

watershed area of the l{aryland portlon of the Bay'. Intensive lfater
quality monltoring Ls also conducted at these locatlons by the lfaryland

Department of the Envlro¡rment and U.S. GeologÍcal Survey Station to
quantify dry-weather and wet-weather loadlngs of nutrlents and other

water qual-lty components. Flow data are sr:¡nmarized 1n Apperidix A

(nonthly) and Table 1 (seasonal and annual). Flgure 1 dlsplays annual

rr¡¡roff for water yeats 1971 through 1987. Flgure 2 displays nonthly

runoff for water years 1984 through 1987.

Runoff volt¡nes were generally above nornal ln 1984 and below normal

in 1985, 1986, and 1987 (Ftgure l). Annual rwroff from the Susquehanna

in 1984 and 1985 ranked L4 and 2, respectlvely, out of 17 years bet¡veen

L97L and 1987. Ìfonthly hydrographs (Ffgure 2) reveal high spring and

su¡nmer flo¡ys 1n 1984 and 1o¡r floss ln 1985. Floods durlng November 1985

and AprlL 1987 are notable 1n the Potomac River nonÈhly hydrograph.

Lower sprlng lnflows during Sprlng 1985 resulted in less vertlcal
denslty stratlflcation ln the Bay during Sprlng and Sunmer of that year

(lfDOEP,1987). Longitudinal salinlty gradlents (north to souËh at the

surface) nere sinllar durlng sunmers of 1985, 1986, and L987, however,

but were dlstlnctly dlfferent fron 1984, when high freshwater lnflorrs

resulÈed ln less sallnlty intruslon and stronger vertfcal
stratlflcation.

RTVTI' STAÎIONS - I¡Y TI¡C ANÄLYSTS

Changes in phosphorus loading followlng the detergent ban have been

estimated using monitorlng daÈa from 26 river stations (22 different
locatfons) above the Fall Line (Figure 3i. These statfons consist of
the following:
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Table 1

Seasonal and Annual Runoff at Four Gauging Stations

STATION: .-.. MEAN FLoIJS (cFs)
AREA (MI2) SUSAUE. CHOPTANK PATUXENT POTOMAC TOTAL

.. RUNOFF (INCHES)

SUSOUE. CHOPTANK PATUXENT POTOMAC TOTAL

SEASoN. . ,

83 FAL

84 I.J¡N

84 SPR

84 suM

84 FAL

85 r.rrN

85 SPR

85 SUM

85 FAL

8ó rJrN

86 SPR

86 SUM

86 FAL

87 IJIN

87 SPR

87 SUM

ìJATER YEAR. ..
8/t

85

86

87

40534

ó30ó8

84504

25888

26177

41012

31098

9640

40361

66560

39722
't5049

44173

37071

44878

't8541

53388

26894

40281

3ó138

187.9

328.4
256.3
37.0
29.0
91.4
50.4
44.4
92.3

212.3
55.9
't2.7
89.7

283.6
95 .5

10.9

201.9
53.ó
92.8

119.1

162.0

69.6
92.1

581.ó
635.7
588.4
300.5
229.1

296.9
200.2
149.5

217.4

291.6
199.2

96.7
220.8
359.7
335 .4
133.1

526.1

218.5
201 .5
261.5

437.5

215.6
202.4

138ó8

27866

24357

7123

6711

13466

9581

2777

20165

18519

7189

1438

5ó00

13362

2?014
4255

55171

91899

109706

33348

33146

54866

40929

12612

ó1 135

85585

47166

16596

50083

51076

67323

22913

5.12
7.88

10.55

3.27
3.30
5.07
3.88
1.22
5.10
8.22
4.96
1.90

5.58
4.58
5.ó0
2.3t,

5.69
9.84
7.68
1.12
0.88
2.71

1.51
't.34
2.80
6.29
1.ó8
0.38
2.72
8.40
2.86
0.33

24.32
6.44

11.14

14.31

19.51

8.3ó
11.06

18261 -72377 26.82
8100 352óó 13.47

11879 52455 20.18
11267 4n86 18. r0

5.72
6.18
5.72
2.95
2.25
2.86
1.95

1.17
2.14
2.83
1.94
0.95
2.17
3.16
s.26
1.31

4.10 4.83
8.16 7,95
7.13 9.19
2.11 2.92
1.99 2.90
3 .90 4 .69
2.80 3.51
0.82 1.10
6.06 5 .35
5.36 7.3?
2"10 4.08
0.43 1.15

1.66 1.38
3.87 1.37
6.41 5.82
1 .26 2.01

20.58 21.50 25.18
8.52 9.51 12.24

7.86 13.95 18.20

10.20 13.?3 1ó.58

17.11 19.38 23.26
8.41 13.58 14.68
7.89 9.55 17.23

CALENDAR. YEAR...

84 49779

85 30469
8ó 11242

16462

11567

8133

66840 25.00

42321 15.26

49669 20.66

tJIN=MONTHS 1-3, SPR=MONTHS /r-ó, SUM=I'iONTHS 7-9, FAL=MONTHS 10-12

ID LOCAÍION

SUSAUE. SUSAUEHANNA RIVER AT CONOIIINGO DAM

CHOPTANK CHOPTANK RIVER NEAR GREENSBORO

PATUXENT PATUXENT RIVER NEAR BOI.'IE

POTOMAC POTOMAC RIVER ABOVE LITTLE FALLS DAM

TOTAL

STAT I ON

01 57831 0

01491000

01594440

01 ó4ó500

DR. AREA (I'II2)

?7100

113

348

115ó0

39121

TOTAL IJATERSHED OF CHESAPEAKE BAY ABOVE VIRGINIA STATE LINE 47997

AREA.tlEIGHTED RUNOFF (INCHES) BY SEASON AND YEAR:

1 983

198/i

1 985

1 98ó

1987

IJ I NTER SPR I NG

7.95 9.19
4.69 3.54
7 .32 4 .08

4.37 5.82

SUI.IMER

2.92
1.10
'1.15

2. 01

FALL

4.83
2.90
5 .35

4.38
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Figure I
Annual Runoff for llater Years I97L-L987
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Figure 2

Monthly Runoff for Ilater Years l-983-L987

SUSOUETIANNA
6

5

4

3

2

I

0

5

4

3

2

I

0

1012 2 4 6 I 1012 2 4 6 I 1012 2 4

CI{OPlANK

1012 2 4 8 I 1012 2 4 I I 1012 2 4 6

PATUXENT

1012 2 4 t I l0 12 2 ¡l I I 10 12 2 4

POTOMAC

a 1012 2

a 1012 2 4

410122

4 8 A 1012 2 4 6 I
1986 1987

q,
l¡¡
4o

=trlr
o

=Ê,

J-,-zo
=

5

4

3

2

1

0
1012 2 4 6 A 1012 2 4

1984

8 8 1012 2

1985



-10-

}ÍDOEP Statlons - l{onthly Frequency

ÌIDOEP Station - Biweekly Frequency (Patuxent River)

USCS Statlons - Hlgh-flow Sanpllng

Four locattons on the Patuxent, Potonac, Susquehanna, and Choptank

Rlvers were sampled by both agencies. Statlons codes and descriptions

are llsted ln Table 2.

ìlaryland nunlcipal dlscharges upstream of these statlons are listed
in Table 3. This lnventory has been developed from Sellars et â1,

(f987), Harrls and llalker (1985), and a data base maintained by the EPA

Bay Progran. The lnventory lncludes llaryland treatment plants withouÈ

phosphorus effluent llnltatlons during 1984-1986 and should not be

considered "complete" wÍth respect Èo minor discharges, the sum of whlch

could be substantlaL ln some baslns. Plants wíth phosphorus effluent
limltatlons have been excluded because the ban would not be expected to

influence loadfngs from such plants. The total effluent volume above

each monitorlng statlon ls llsted ln Table 2. The quantlty of uPstream

effluent per unit of drainage area reflects the'potenËial sensitÍvity of

phosphorus concentrations and unlt loadlngs at a glven station to

changes ln point-source controLs

Consideration of flon regf.ne is essentlal for lnterpreting river
concentration data and for calculatlng loadings. Based upon daily flow

records for the Potomac Rlver durlng water years 1985 and 1986, runoff

was below the long-tern mean (-16 Ln/yt) 812 of the tine' Because of

the skerred runoff distributlon, horrever, only 4LT. of the total flow

volr¡me occurred at a rate less than 16 Ln/yr. Hlgh florrs (above 16

Ln/yt) occurred only 191 of the tine but accounted for 591 of the total
volr¡me. The contrast ls more extreme r¡hen hlgher runoff rates are

considered. Runoff rates exceedlng 32 Ln/yr accounted for 5.6% of the

days and 34f of the total volume.

For a routine nonthly monitorf.ng Program., the expected number of

samples per year ¡¡ould be 9.7 (L2 x.8f) and 2.3 (12 x .19) fn the low-

flow (< L6 Ln/yr) and htgh-flow (> L6 Ln/yr) regLmes, respectively. The

2L

I
4
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Figure 3 (Ct. )
River Sampling StaÈions
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Table 2
Rivêr Sampling Statlons and

RIVER SAMPLING STATTONS . ABOVE FALL LINE.....
STATION LOCATION

Flow Gauges

STP DRAINAGE

HYDROL. FLOI.I FLOI.J AREA

LONG UNTT STATION MGD MIz

ANAOOS2 ANACOSTI,A R. AT BRIDGE OT¡ BLADENSBURG ROAD

ANTOO44 ANTIETAI'I R. ÂT GAUGE

ANTOzO3 ANTIETAM R. AT BRIDGE ON POFFENBERGER ROAD

76.943 2070010 01ó49500 0 72.8
77.732 2070004 01ó19500 7..04 281

77.711 2070004 01ó19500 6.82 191

75.786 20ó0005 01491000 0 113 *
77.822 2070004 01ó14500 0 534
79.045 2070002 01599000 0 72-t,

76.532 20ó0003 01582500 0 210
76.736 2060003 01589300 0.03 32.5
T1.441 2070009 01ó13000 9.66 937

n.413 2070009 01ó43000 9.66 785

n.389 2070009 01ó43000 4.69 611

T1.235 2070009 01639000 0 173

78.817 ?070002 01ó03000 0 875

76.883 20ó0003 0158ó000 0 56.ó
76.707 20ó0003 0't589000 1.51 319
77.119 2070008 0'tó4ó500 31.82 115ó0 *
71.519 2070010 01ó38500 31.09 10623

77.802 2070004 01638500 13.89 7151

78.178 2070004 01ó13000 't2.62 4073

76.694 20ó0006 01594440 9.21 3/r8 *

T1.057 20ó000ó 01591000 0 34.8
76.109 2050306 01578310 0 27100 *

38.941
39.450
39.595

CHOOózó CHOPTANK R. AT RED ERIDGES NEAR SEI,JELL M¡LLS 38.997
CONOOO5 CONOCOCHEÀGUE C. AT BRIDGE ON MD. RCI.JTE 68 39.602
GÊOOOO9 GEORGES C. 1 I.IILE NORTH OF I.¡ESTERNPORT 39.494
GUNO125 GUNPOIJDER FALLS AT BRIDGE ON CROMLJELL BRIDGE RD 39.493
GUNO115 GTIYNNS FALLS AT BR¡DGE ON ESSEX ROAD IN V¡LLA NO 39.346
MONOOzO MONOCACY R. AT BRIDGE OI.I MD. ROUTE 28 39.244
I.IONO155 MONOCACY R. AT BRIDGE ON REELS I'.IILL ROAD 39.388

I'IONO2ó9 I4ONOCACY R. AT BRIDGE ON BIGGS FORD ROAD 39.480

MONO528 MONOCACY R. BRIDGE OII MD. ROUTE 7, BR¡DGEPORÏ 39.679
NBp0103 N. BR. PoToMAC H. 0F ilooRES HOLLo| RD. & RTE 51 39.583

NPAO1ó5 NORTH BRANCH PATAPSCO R¡VER RCUTE 91 39.500

PATO17ó PATAPSCO R. AT IIASHINGTON SLVD.(U.S. RT 1) 39.218
POT1184 POTOMAC R. AT GAGING STATION ABOVE LITTLE FALLS 38.933

POf 117'I POTOMAC R. AT EASTERI{ TERI'.IINUS OF IIHITES FERRY 39.155

POT183O POTOMAC R. BELOTJ BR¡DGE ON I.IO. ROUTE 34 39.436
POT238ó POTOMAC R. BELOI.' BRIDGE ON US. RT. 522 HANCOCK 39.697
PXTOóo3 BRIDGE O¡I U.S. RT. 50 38.955

PXTO972 PATUXENT R. AT BRIDGE ON HD. 97 NEAR UN¡TY GAGE 39.238
SUSOIO9 LOUER SUSOUEHANNA AT CONOIJINGO DAI'I STAT¡ON 39.575

STP. FLOIJ = TOTAL l.lD POTIJ DISCHARGE UPSTREAI,I 0F STATI0I¡, EXCLUDING PLANTS TJITH P EFFLUENT LIM¡ïATIONS

DRAINAGE AREA = APPROXII-'IATE DRÁINAGE AREA AT SAMPLING STAT¡011, ADJUSTED FRoM AREA Aï FLOtl STATION

* PAIRED I.IIÍH USGS IIATER OUAL¡TY DATA AT SAME LOCATION

USGS FLOI.I GAUGING STATIONS...

STATION LOCATION

DRA I NAGE

HYDROL. AREA

LAT LONG UN I T I'{ I 2

01491000 CHoPTANK R NR GREENSBoRo, ¡tD 38.997 75.786 20ó0005 113

01578310 SUSOUEHANNA R AT CoNol.¡ÍNGo, MD 39.657 76.175 2050306 27100

01582500 cUNpoilDER FALLS AT GLENCoE M0 39.550 76.636 20ó0003 160

0158ó000 NB PATAPSCo R AT CEDARHURST, ¡rD 39.500 76.883 20ó0003 56.6
01589300 GiJYNNS FALLS A1 VTLLA NoVA, ¡rD 39.346 76.731 20ó0003 32.5

01591000 PATUXENT R NR UNITY, MD 39.238 n.056 20ó000ó 34.8

01594440 PATUXENT R NR B01J¡E, MD 38.95ó 76.693 20ó000ó 348

01599000 cEoRcEs c AT FRANKLIN, MD 39.494 79.045 2070002 72.4

01ó03000 NB poTor,rAc R NR CUÌ'TBERLAND, HD 39.621 78.773 2070003 875

01614500 coNococHEAcuE c AT FA¡RVIEI.,, r'rD 39.708 77.833 2070004 191

01ó19500 ANTTETAT'| C NR SHARPSBURG, MD 39.450 77.731 2070001 281

01ó38500 PoToMAC R AT porNT 0F RoCKS, MD 39.274 77.543 2070008 9ó51

01ó39000 MoNocAcy R AT BRTDGEPoRT, MD 39.679 77.235 2070009 173

01ó43000 r'toNobAcy R AT JUG BRTDGE NR FREDERICK, Î.lD 39.388 n380 2070009 817

01ó4ó500 poToMAc R NR I,¿ASH, DC L FALLS PUMP STA 38.949 77.128 2070008 115ó0

01619500 NE B ANACoSTIA R AT RIVERDALE, MD 38.960 76.926 2070010 72.8
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Table 3

Discharges Above Ríver Monitoring Stations

PLANT *
ilEAN FLOTJ

MGD STAT I OI¡**

Boonsboro

Smi thsburg
FunkstoHn

HagerstoHn

Md Hoc Hagerstor{

Montrose SchooI

F reder i ck

Frederick County

Ba[ [enger
Crestvi ex

Errmi tstxrrg
Ft Detrick
Neu lJindsor
Taneytol¡n

Thurflþnt
Union Bridge
Hestmi nster
Freedom District
Gai ther l,lanor

ilt Airy
Pheasant Rídge

Damascus

Pootesvi [ [e
Brunswi ck

I'liddtetoun
Ctear Spring
Ha I fray
Cunber L and

Hancock

BoHie St Cottege
CentraI Farms

I'laryl,and City
l{d House of Corr
ParkHay

Patuxent
Patuxent lti tdt if

0. 160

0.0ó0
0.070

ó.000
0.750

0.0?7
4.700
0.2ó8
0.404
0.01 I
0.490

1 .200

0.028
0.240
0 .550

0.069
1.700

1.310

0.012

0.174
0.015

0 .459

0.27
0.330

0.130

0.1ó5

1.100

I 2.300

0.32
0. 050

0. 002

0. ó10

0.987
1.040

3. 500

0.01ó

ANTOO44

ANTOO44

ANT0203

ANTO2O3

ANTO2OS

cHNol 1 5

MoN01 55

MoN0155

r.r0N0269

ü0N02ó9

l,t0N02ó9

MoN0269

r,r0N0269

r,r0N02ó9

l,r0N02ó9

iloN02ó9

l,r0N02ó9

PATOl 7ó

PATOl 7ó

PATOl 7ó

PATOl 7ó

PoT1184

PoT1 184

POT'1171

POt1471

P0T1830

PoT1830

P0T238ó

PoT238ó

PXTOó03

PXT0ó03

PXT0ó03

PXTOó03

PXTOó03

PxT0ó03

Pxr0603

TOTÀL 12.565

* t'IUNICIPAL POTIJ'S I..IITHOUT P EFFLUENT LII,IITS

BETI.IEEN JULY 198/r AND |[{ARCH 1987

** FIRST RIVER MONITORING STATION DOIJNSTREAI¡I OF PLANT
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expected sanpling frequency for flows exceeding 32 Ln/yr is ,7 (LZ x
.056) sanples/yr. Because of these relatlonships, routlne nonthly

nonitoring programs rareLy provlde sufficfent samples for calculatíng
loadings assocÍated nlth hlgh-flow regimes or for calculating total
annual loadings. They nay pernlt estimatlon of loadlngs under average

and 1o¡r flows, however. Based upon dllutlon conslderatlons, changes in
stream loadings due to changes fn satershed point sources (e.g.,
detergent ban) should be easler to detect under 1ow and avetage flows

than under hígh flows. Lack of sufficlent hlgh-flow sampl-es at most

stations does not frpose a severe llnltatlon on the detection of changes

under lorr flons, but makes it lnposslble to exPress the changes as

percentages of the total annual or seasonal loadíngs.

Because of sanpllng frequency considerations, the analysis is
restrfcted to low flows at 18 statlons wlth a nonthly sanpling strategy.
Estimates of loadings for all flow reglmes are developed at 4 stations
wlth both routine and hlgh-flow sanpllng strategies (Fall-Llne stations
on the Choptank, Susquehanna, Patuxent, and Potomac Rlvers sarnpled by

both the l.fDOEP and the USGS). Loadfng calculatlons cover the period

fron July L984 Èhrough llarch L987, whlch reflects the availabílity of

data 1n STORET. The USGS hlgh-flow data at four stations extends

through September L987. Because phosphorus effluent llmitations Itent

into effect at maJor plants in the Patuxent basin (Patuxent, Parkway) Ín

L987, the perlod of record is restrlcted to July l984-December 1986 at
station PXT0603, whlch ls downstream of these treatment plants.

The followlng procedures have been applled to estimate changes Ín

phosphorus concentrations and loadings under low-flow conditions at each

locaÈion:

(1) Assign a florr value to each trater quality sanple, pulled
from the daily flon record at the closest streamflow

gauge in the same river basÍn. Assume thaÈ daily unit
runoff above the rrater quallty staÈLon equals unit runoff
above the streamflow gauge. Express runoff in
inches/year ( = Flow(cfs) x 13.58 / dralnage area (*i2)).
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(2) Revíew dlagnostle plots of concentration as a function of

runoff and tlme at each station (Appendfx B). Different
s¡rnbols are used to dlstLngulsh pre-ban vs. post-ban

samples.

(4) Usíng samples collected at flows less than the long-tern
nean (typically L6 Ln/yt), cal-culate mean and varlance of
the mean flow-welghted concentratlon for each time Period
(pre-ban, post-ban):

Q6 - ìlEAlil t af I

Gm:lfEANIQ1 c1 l/Qn

vAR(cn) : ÌIEAN t Q1 c1 - Q1 c¡ J2

(n-1) Qr2

i = samPle lndex

n = number of samples

Cl : sanple concentratlon (ppb)

Gm : flow-weighted mearÌ concentration (ppb)

VAR(C') : error varianee of G,

Q1 = sample flow (Ln/yt)

Qm : mean sanpled flow (Ln/yt)

MEAN = average over n samples
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The flow-welghted mean concentratlon, Cm, amounts to a

ratio estimator for the mean loading (Bodo and Unny,

1983, L984; I{alker,1987a). The approxímate formula for
VAR(C') ls derlved from classical sanpling theory

(Snedecor and Cochran,L972). Based uPon resulÈs for test
cases, varlance estimates comPare favorably wlth values

derived from the FLIIX Program, ¡vhich employs a

Jackkníflng technlque for estfnating variances
(Iüalker ,L987 a, 1988 ) ,

(5) Based upon the contlnuous dally flo¡r record for water

years 1985 and l-986, calculate the number of days and

total volume in each flow interval. Apply the voh¡me in
the los-flo¡r stratum to the mean and varíance of the

flow-weighted concentration to estimate the mean and

varlance of the loadlng. Express loadlng ín terms of
pounds Per square nile per day ( : .145 x (Ln/yr) x PPb)

for each tine period. This procedure essentially adjusts

the pre-ban and post-ban loading estimates to equivalent

flow conditlons and assu¡nes that Èhe flow-weighted

concentratlon is lndependent of flow rrlthin the low-flow

stratun. Ifore complex nodels which account for
variatlons in concentration as a function of flos
(lfalker, L987a) have also be tested and found to give

slnilar results.

(8) Gompare pre-ban' and post-ban concentration and loading

estimates. Conpute the error varfance of the difference
1n loadLng by sr:mrnlng the pre-ban and post-ban error
variances (since the pre-ban and Post-ban samples are

índependent). Dlvfde the change in loadfng by íts
standard error (square root of error varLance). The

result is an approxinate t-statistic fot testing whether

the change ln loading (or change 1n flow-weighted

concentration) ls significantly dlfferent from zero.
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Results of these calculations for total phosphorus, ortho phosphorus,

and total KJeldahl nitrogen ate given ln TabLe 4, Calculatlons for
Kjetdahl nltrogen serve as conÈrols, sÍnce the ban wouLd not be expected

to influence nitrogen specles.

Load reduction confldence lLnlts are dlsplayed for each varíable

and statlon in Flgure 4. The load reduction exceeded twice the standard

erro! at 8 statlons for total phosphorus, L2 statlons for ortho

phosphorus, and 0 stations for total kJeldaht- nitrogen. These results

reflect the extent, to rshich changes 1n phosphorus loadings under 1o¡¡-

flon conditlons are staülstlcally detectable using a nonühly sampling

frequency.

Post-ban loadíngs are plotted against pre-ban loadings ín Fígure 5.

For KJeldahl nitrogen, pre-ban and post-ban loadings were similar and

the points are randonly scattered about the Y=X l1ne. For phosphorus

species, post-ban loadings averaged about 601 of pre-ban loadings at. L2

stations wíth pre-ban J-oadlngs exceedlng .3 lbs/ni2-day. Consfdering

that detergents typically account for 27-357. of the phosphorus in

donestic wastewaters (Booman and SedLak,1986;Jones and Hubbard,1986), it
is unlíkely that the detergent ban alone could account for the -40% Ioad

reductions lndicated by Flgure 5. Seasonal and other factors possibly

responsible for thls are discussed beLow.

Flgure 6 displays load reductions ln total and ortho phosphorus

agaínst upstream municipal effluent volume (mgd/rnl2). For a given

upstream effluent volune, the expected change in loadlng (lbs/ni2-a^y>

resul-ting from the detergent ban can be calculated from a mass-balance:

DL=8.34 Q DC

where,

change in loading (1bs/rn12-dry)

upstream effLuent volume (ngd/nt2)

change in effluent concentratlon (pptn)

DL

a

DC
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Table 4
Pre-Ban and Post-Ban Nutrient Export under Low FLows

JuIy 1984 through March 1987
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Confídence Ranges
Figure 4

for Load Reductions Under Low-Flows
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Flgure 5

Pre-Ban Loads Under Low Flows
1984 through tfarch 1987
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The above equaÈion assumes that phosphorus ls conservatlve (i.e., is
transported rrithout losses from the potnt of dlscharge to the monitorlng

station) . A previous study of data fron lfaryland treatment Plants
without phosphorus renoval (Ifalker,1987b) lndlcates an average reduction

of 1.8 ppn in effluent phosphorus concentratlons following the ban.

Approximate 95% confldence llnlts for the reductlon are 1,4 to 2,2 ppn.

Dotted lines in Figure 6 shos the predictLons of the above equation for
effluent reductlons of L,4 anô 2,2 pPn. Dashed Lines show results of

regresslon analysris aþp1ied dtrectly to the data.

The regresslon and data polnts generally lie above the predíctions

based upon mass balance. Possible contrlbuting factors í.nclude:

(1) The effluent inventories are lneonplete because they do nou

reflecÈ the cunulatlve effects of aLl nínor discharges above

each slte. Ttrls means that actual dlscharge volr¡nes above

some statlons are greater than assr¡med and thet some of the

potnts ln Figure 6 should be shifted to the right.

(2) In some cases, effects of the llaryland detergent ban may have

spilled over lnüo nelghboring states because of regional

supermarkeÈ distributíon patterns. For example, significant
reductÍons 1n total and ortho phosphorus concentrations rrere

observed at a station on the Conococheague River (C0N0005) in
the Upper Potomac Basln. llost of the watershed above thís
station ís ln Pennsylvania. Detergent distrfbution, sa1es,

and use 1n Pennsylvania towns such as Chambersburg and

Greencastle may reflect condltions in Hagerstolvn, ÌlD, the

closest major clty. Similar reLatlonships nay exist at other

stations whlch have watersheds extending lnto neighboring

states.

(3) The load reductions at some stations may Partially reflect
other rÍastewater management actlvitles (e.g., diversion,
treatment plant upgrades) or non-poLnt-source control
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Figure 6

Load Reduction vs. UpsÈream Effluent Density
July 1984 through March 1987
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activf.tles occurring ln lfaryland or neighboring states over

the sane time period. lfaJor changes 1n ¡vaste¡vater management

could not be speciflcally identlfled !n these waüe1sheds,

however.

(4) Year-to-year variatlons ln non-polnt loadings nay also be

lnportant. These are reflected by the Positive lntercepts
(.036-.049 lbs/nt2.-day) ln the regression equations and by the

statlstically slgnificant reductlons in Loadlng at statÍons on

the Susquehanna (SUS0109), Upper Choptank (CH00626), and Upper

l,Ionocacy (lfON0528), whlch are not lnpacted by l{aryland point

sources. These year-to-year variations may reflecÈ

differences !n flow regimes, seasonal factors, artd/ox impacts

of rvatershed management Programs. If the intercept of the

regression equation is assuned to reflect veriations ín

background or non-polnt loading from one period to the next,

the slope (19.3 for total and ortho phosphorus, standard error

= 1.6) ls equivalent to ari average serrage effluent change of

1-9.3/8.34 or 2.3 ppn (s.e.= .19).

(5) }!any of the statlons r¡1th aPParent pre-ban vs. post-ban

differences aîe ln the Potomac Basin (Antietan, lfonocacy

Rivers). The najor flood nhich occurred in the Potomac duríng

Novenber 1985 (Flgure 2, one month prlor to the ban) nay have

had signifLcant lnpacts on rlver nutrient concentrations the

following year through a scouring mechanism. Nutrients from

poínt sources tend to accr:mulate in stleam channels due Èo

blologlcal uptake and adsorption Processes under low flows.

Under hlgh flo¡rs, the removal Processes are reversed because

of scouring. These Processes have been doeumented !n Maryland

watersheds with point sources (Baltinore Department of Public

Ilorks,1987). Follor¡ing a maJor flushing event, stream \rater

quality under low flons may improve because fresh adsorption

surfaces are exposed and the water is in contact níth

"cleanet" bottom deposits, Time series of data from the

Potomac River above Little Falls Dam (P0T1184, at Fall-Líne)
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support this hypothesis (Flgure 7>. Sanpled runoff, total
phosphorus concentratlon, and KJeldahl nitrogen concentration
are shonrr on l-ogarlthnlc scales 1n relation to the pre-ban and

post-ban perlods. Conslstent with techniques enployed in
Appendíx B, the lines through the polnts (3-sanple movíng

averages) are used only for dlsplay purposes and have no

statlstlcal basis. High-f1orr data collected by the USGS are

lncluded here. Samples collected durlng the November 1985

flood (peak sarnpled runoff rate
scale) had very htgh total phosphorus (> 2000 ppb) and

KJeldahl nitrogen (>7900 ppb) concentrations. Because of the

hígh flow and high concentratfons, rates of nutrient transport
during this perlod rrere trenendous. Concentratíons of
phosphorus and KJeldahl nltrogen dropped sharply following the

November 1985 flood down to levels of approxínately 50 and 300

ppb, respectively. Slos rates of lncrease follorred during
1986 and L987, posslbly because of gradual re-accr:mulatlon of
nutríents 1n the river system. Sinllar behavior of phosphorus

and Kjeldahl nítrogen indicates that the' apparent drop in
phosphorus at the beglnnfng of 1986 1s more likely attribuÈed
to flow varlations than to effects of the detergent ban.

Although the techniques ernployed to calculate loadings account

for variations 1n fLow at the time of sanpling, they do not

account for f low 'rhlstory'r. Thls phenomenon nay introduce
slgnLfleant blases into the apparent pre-ban vs. post-ban

phosphorus export changes (Flgures 5 and 6) at stations 1n the

PoÈomac Basin. A longer perlod of record and more complex

anal-ytical procedure would be required to quantlfy the

effects. Results for the Patuxent Rlver (Flgure 8) are not
fnfluenced slgnlflcantly by this factor, however, because

Patuxent flows are hlghly regulated and a major flood did not
occur ln this basin lmnediately prior to the ban.

(6) The pre-ban (July L984-Novenber 1985) and posÈ-ban (December

L985-l{arch 1987) data are not seasonally balanced. The pre-

ban data include a higher percentage of summer samples and the
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Flgure

Concentratf.on Time Series Potomac River SËation PoTllS4
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Figure 8

Goncentration Time Series for Patuxent Riwer Station PXT0603
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post-ban data, a higher Pelcentage of winter samples.

Seasonal f actors nay lnfluence the floy'concentratfon
relatlonshlp at some statlons. If the analysis ls repeated

wlth a seasonally balanced design (Decenber 1984-Decenber

1986, 1 year pre-ban and 1 year Post-ban) (Table 5, Figures 9

and 10), the data scatter lncreases (because fewer samples are

used to caleulate the pre-ban and post-ban loadings) but the

slope of the regression equatlon decreases to 15.2 (standard

errot - 2,0), rchlch corresponds to an average effluent
concentratlon of 1.8 PPn (s.e. : .24), ln agreement wfth

dlrect effluent measurements (mean reductlon : 1.8 PPm,

s.e.:.21, llalker, 1987b). A raft of alternatlve models which

attenpt to account dlrectly for seasonal and florr effects have

also been applled to the data set and found to yield slnílar
resulÈs and conclusfons.

Considerlng these factors, the observed responses at stream statlons
r¡nder l-ow-flo¡¡ conditlons are ln reasonable agreement wlth predfctíons

based upon mass balance.

Sufficlent data are not avallable for evaLuatLng biological
responses (e.g., 8s measured by chlorophyll-a) to reductions in
phosphorus concentratfon at the rlver statÍons studied above. Ortho

phosphorus concentratlons at river statlons above the Fall Líne (Tables

4 and 5) general-ly exceed atgal grosth-llnitlng levels and physícal

factors (velocity, residence time, temperature) are more Lnportant than

nutrient concentrations in regulating al-gal productivlty. For this
reason, algal growth ls less of a problen and less sensitfve to nutrÍent
levels ln river segnents, as conpared slth dosnstream estuary and bay

segments, which provlde a more suitable habftat for algal gronth. Thís

ls illustrated by data from Patuxent River station PXT0603, which vas

monitored more lntensively for nutrient and biologlcal Parameters than

the other rlver stations studled above. Despite sfgnlficant reductíons

1n phosphorus concentratlons and loadf-ngs at thls station bet¡sêen 1985

and 1986 (Figures 6 and 8), su¡nmer mean chlorophyll-a concentrations

remained at very lon levels (3.3 ppb tn 1985 and 3.6 ppb in 1986).
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Table 5
Pre-Ban and Post-Ban NuLrient Export under Low Flows

December 1984 through Novenber 1986
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Flgure 9

Post-Ban vs. Pre-Ban Loads Under Lolr Flor¡s
December 1984 through November 1986
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Figure 10
Load Reduction vs. Upstream Effluent Density

December 1984 through November 19g6
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I¡ÁDINCS AT FAI.L-IJ¡ÍE STATIONS

Loadlng calculatlons for all flow reglmes have been conducted at

four stations wlth adequate sanpling data. FLIIX, a comPuter Program

developed for evaluating eutrophicatLon problems ln reservolrs operated

by the Arny Corps of Engineers (Ifalker,L987a,1988), has been used for
these ca1culatlons. The progran permits estlmaÈlon of loadings (means

and standard errors) from lnternlttent sanpling and a continuous daily
flow record. Estlnates can be developed for annual, seasonal, monthly,

or dal1y tlne lntervals.

Results of phosphorus loadlng calculations at the four IIDOEP/USGS

Fall Line stations are displayed in Figures 11 and 12. Monthly loading

estimates have been derived for July L984 through Septenber L987 by

developing a concentratlon/flor¡ rating curve for each station, applying

it to dally fJ-ow values, and f.nterpolatlng errors (dlfferences betneen

observed and predlcted concentration at a given flow) betr¡een sanpling

dates. In this way, the loadlng estlmates reflect both flo¡s variatíons
and temporal variatlons associated wlth seasons anð/ot trends. t{onthly

total phosphorus loadings at each station are plotted along wiÈh nonthly

flo¡rs in Figure 11. Flgure L2 dlsplays cr:mulatÍve unit phosphorus

export (fbs/ni2) and cumulatlve runoff (lnches) vs. time.

Flgure 11 lllustrates the relative scal-es and varlabilitles of
loadlng and flos at each statlon on logarithmlc scales. As result of
upstrean impoundments and polnt sources, Patuxent Ríver florv and loadíng

are less varLable than observed at other statlons. Patuxent loadings

gradually decreased over tlne due to the detergent ban (Dec f985) and

treatment plant upgrades (1987). The decreaslng load is refleeted by

the decreasing slope of the cumulatfve load vs. tirne plot (Figure 12).

Flo¡rs and loadings are more variable at the other stations because of
less flor¡ regulation and predominance of non-pof.nt sources. Potomac

loadings are extrenely flashy. For example, abouL 437. of the total
estlnated loadlng between July 1984 and Septernber L987 occurred duríng

the November 1985 flood. Thts is reflected by the sudden jump in the
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Monthly Phosphorus
Figure 11

Loads and F1o¡ss at Fall Líne Stations
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Cumulative Phosphorus Loads
Fígure L2

and Unit Runoff at Fall Line Stations
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cumulative load vs. tlne plot.
of 1987. Largely because of
cr¡nuLatlve unlt loadlngs from

Patuxent, which has a nuch higher

Another loadlng peak occurred in Aprfl
these brief perlods of hfgh loading,
the Potomac approach those of the

upstream effluent denslÈy.

Results of phosphorus loadlng computatLons at Fall Line stations
are used to develop quarterly phosphorus budgets for the l{aryland

Portlon of Chesapeake Bay in Table 6, Estimates of nonpoint loadings
from the ungauged watershed (roughly LsZ of the total drainage area

above the Virglnla state line), are developed based upon drainage area

ratio and measured loadlngs from the Choptank Rlver. Since portlons of
the ungauged watershed have hlgher Land-use lntensitLes than the
Ghoptank, r:ngauged nonpoÍnt loadlngs are probably underestimated.

Point-source loadlngs have been estinated from effluent ínventorÍes
sumnarized ln Table 6 and ignore attenuation above the Fall Líne. If
attenuatlon above the Fall Llne sere consldered, reductlons Ín Bay

loadings aÈtributed to the phosphate detergent ban rrould be lo¡rer than
those estlmated below.

Inpacts of the detergent ban on the Bay phosphorus budget have been

estlnated by appl-yfng an average effluent reductlon of 1.8 ppn

(flalker,l-987b) to Èhe 111.6 ngd effluent volume without phosphorus

llnits tn 1986 (Sellars,1987). This effluent volume will be reduced to
approxÍmately 71 ngd, wlth inplenentatLon of phosphorus controls planned

for L987 (Harrls and llalker,1985). Load reductlons attributed to the
detergent ban range fron 2.9 to 11.1f for the January 1986 - September

L987 period. These percentages are lower (1.8 to 7,LI) wlrh planned

phosphorus removal facillties ln place. Periods of higher impact

correspond to periods of l-oser flows (e.g., thlrd quarrer l-986).

Average nutrient budgets for phosphorus and nitrogen species are
detalled in Table 7. These are based upon measured concentrations at
Fall Llne stations for December 1985 through Septenber L987, Thfs

Pernits a focus on post-ban conditions. Monitoring by the USGS was also
more lntanslva after 1985. Calculatlons raveel tha lnportance of
nonpoint sources and the Susquehanna Rf.ver as factors contríbuting to



Table 6

OUARTERLY PHOSPIIORUS BUDGET FOR I,IARYLAND PORIION OF CHESAPEAKE 8AY

-- POri¡T SCTJRCE LOADS ---

LOADS IN POTJNDS PER DAY

DRAINAGE ....-- IJATERSHED LOADS

AREA

ltr2 113 318 115ó0 27100

OUARIER CHoPTANK PATUXEIIT PoTotlAC SUSAUEII

1415 29794 27730

1404 1ó515 14?50

2011 7264 5200

2739 96984 94920

TOTAL

TOTAL I}¡FLOI'

LOAD CFS

42058 35510

21æ7 31807

40490 60314

27010 43æ7

17960 15314

107ó80 ffi15

55634 9&07
24030 50443

ß257 17314

?4356 55ã0

323?2 &27
67238 72668

17540 23390

125 40490 0.0%

114 27010 0.0%

218 17960 0.0r
300 109355 -1.5%

105 57309 -2.%
88 25705 -6.5%

144 15133 -11.îX
81 2ó031 .-6.4X

88 33997 -4.%
172 ß914 -2.4%

139 19215 -8.7t

3.7 3444

1.1 5446

1.5 8890

AVERAGE

I |¡FLoH

co|lc

PPB

220

117

NOBA}¡ BA}I

LOAD I}IPACT

(f)
42058 0.0%

21867 0.0%

8501

8502

8503

8504

8ó01

8ó02

8ó03

8ó04

8701

8702

8703

725

500

553

547

7042

OTHER

(a)
2022

840

4446

1770

209

2108

5729

2309

151

6504

6504

6504

6504

3444

3444

3444

3444

3444

3444

3444

1?760

12760

12760

12760

8890

8890

8890

8890

8890

8890

8890

4ó163 ADJUSTED EFFLUE}IT P LII,IIT TOTAL

TOTAL TOTAL NO YES POINT

(b) (c) (d) (e)
31362 29?98 6504 6256 12760

11171 9107 ó504 6256 12760
8403 32 822

e¿04 13 897

6836 21651

3561 5859

15?55 12376

4575 9813

1758 2910

81631 12023

6256

6256

6256

6256

?3

23

3?
lrl

I(,
o\
I

71

28

3

34

92

37

2

498 1T118 25398

363 25æ 1f800

210 ó09 4924

350 2460 11901

316 9758 8926

311 10250 1æ26
140 3408 ó33ó

48132 46744

165?9 15140

5956 4567

16851 15465

24820 2343?

59737 58348

10039 8ó50

5446

5446

5446

5446

5446

5446

5446

a

b

c

d

e

f

estimated from choptank loads based upon drainage area ratio
sun of choptank, patuxent, potomac, susquehanna, and other loads

tota[ gauged load - upstream md point source toad = approximate nonpoint load

efftuent load from ptants rithout phosphorus removal facitities
efftuent load from ptants rith phosphorus removat facitities
load which routd have occured rithout the detergent ban;

detergent toad (1ó57 Lbs/day) calcutated fnom'111.ó mgd without p Iimits
during 1986 (Settars,1987) and 1.8 ppn reduction in efftuent p conc.

efftuent accounting conpited froms Settars (1987), Harris and tJal.ker (1985)

(does not neftect additional ptant upgrades rhich occured in 1987)

EFFLUENT ACCOUilTING (g)

PERIOO P LI}ITÏ
< 198ó N0

YES

TOTAL

>=1986 NO

YES

TOTAL

FLOI{ CONC LOAD

üqD PPr,r LBS/DAY

141.8 5.5 6504

549.5 1.4 6256

691.3 2.2 12760

111.6

579.7
691.3



-37 -

Table 7

}¡UTRIENT BUDGET FOR I'IARYLAND PORTIO}¡ OF CHESAPEAKE BAY

ANNUAL

AREA NUTRTENT EXPORT (LBS/I{I2-YR) RUNOFF

SOURCE (a) l,ll2 TOTAL P 0RTH0 P l¡023N TKll TOTAL l¡ IN/YR

P0Tof'tAc

SUSAUEHAIINA

CHOPTANK

PATUXENT

OTHER (c)

I 15ó0

27100

113

348

7042

P0TO,TAC

SUSAUEHA}¡NA

CHOPTAI'IK

PATUXEIIT

OTHER (c)
TOTAL

UPSTREAIII l,lD POINT

AOJUSTED TOTAL (d)
I,ID POINT SOTJRCES

TOTAL LOAD

% I,IARYLA}¡D POII¡T

% NONPOINT + SUSOUEHA}¡

NUTRIEI¡T LOAD (LBS/DAY) ----- -- FLOI.,I (CFS)

7411 ',1710 85987 42óÉ1 1?W9 10594

13439 2673 245236 139361 3&597 34438

34 9 528 374 902 88

338 ',t16 3222 1718 4940 231

2122 560 32933 23287 56220 5515

23344 50ó8 367907 207401 575308 5086ó

234

181

110

354

110

1389

21955

8890

30845

28.82
71.21¿

54 2715 1347 4062 12.44

36 3303 1877 5180 17.25

29 1707 1207 2914 10.ó3

122 3379 1802 5181 9.01
29 1707 1207 2914 10.ó3

ó005 (b)
569303 508óó

92247 <b,
óó1550

13-9r.

86.1%

river loads estir¡ated from concentration/runoff rating curves devetoped

for Decer¡ber 1985 - septenËer 1987, mapped onto daity ftor dístribution
for october'1984 to Sept 1987; measured at usgs faLt tine stations

totat nitrogen conc. of 1ó pgn assuned for point sounces (usepa,1987)

md point source ftow above river statíons = 45 rgd, totât = 691 mgd

rrotherrr river toads estimated from choptank export fâctors
under-estimates nonpoint toads from urban areas beto¡{ the fatt tine

neasured niver loads reduced by upstresm md point toads

= approximate nonpoint loads + susquehanna point loads

LOAD ESTII,IATE COEFFICIENT 0F VARIATION = STANDARD ERROR / I'IEAN

SO,JRCE

P0TolilAc

SUSAUEHANNA

CHOPTANK

PATUXENT

TOTAL P ORTHO P

0.144 0.0ó1

0.094 0.1ó0
0.088 0.074
0.0ó0 0.058

}¡023N TKN

0.047 0.126
0.039 0.089
0.04ó 0.0ó4
0-033 0-027
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Bay eutrophlcatlon. Point sources in t{aryland (including Blue Plains)

accour¡t for an estimated 28.8f of the total phosphorus loadlng and L3.9%

of the total nltrogen loading to the MaryLand portion of the Bay.

Nonpolnt sources are especlally inportant for nitrogen, which linits
su¡nmer algal productivlÈy throughout most of the Bay (USEPA,1987).

Nltrogen export from the Susquehanna (5130 1bs/n12-yr) equals that from

the Patuxent (5181 lbs/nl2-yr), desplte Èhe relative importaîce of point

sources ln the Patuxent. These nutrient balances are developed for a

perlod of relatlvely lo¡r runoff (e.g., Potomac runoff L2.4 Ln/yt vs.

averege of 16 Ln/yx). Polnt sources r¡ould be less inportant in balances

developed for perLods of average or above-everage ru¡roff. The balances

do not consider nutrient releases fron bottom sediments or atmospheríc

loadíngs directly on the Bay surfaee. Consideration of these factors

rrould further dininlsh the relatlve inportance of point sources.

A recent report by the Envfronmental Defense pund (EDF) (Fisher et

41, 1983) evaluates the potentlal slgnlflcance of nltrogen loadings ín

acld raln es factors contributing to eutrophication ín Chesapeake Bay

and other coastal saters. The folloring comparlson is nade betireen

nltrogen loading estimates developed by EDF and those presented in Table

7 (adJusted to common units):

Annual" tot"f Nltrogen Loadíng (rníllion Kg/yr)
EDF Table 7

Point 32.9 15.3

NonPofnt 66.8 94,5

Atutospheric L2.9 (not estinated)
Total LL2.9 109.8

AlÈhough the totals are sínllar, the bases for these calculations are

considerably dlfferent. The EDF values, based prírnarily upon model

projections developed by the EPA (1983), ate for the entire Ghesapeake

Bay and an average hydrologLc yeaÍ, The Table 7 values are for the

l{aryland Portion of the Bay only and are based upon measured (vs.

rnodelled) nutrlent loadlngs for a perlod of belov-average nr¡roff (12.4

vs. l-6 In/yt ln the Potomac, Figure f). The draÍnage area of the
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lfaryland portlon of the Bay accowrts for approxinateLy 727 of the total
drainage erea. If the balances 1n Table 7 were adJusted to the same

basls as the EDF estimates (conplete b"y, no:mal hydrologic year,

lncludlng atmospherlc loadings) the total nitrogen logding sould be

conslderably hlgher than that reported by EDF, perhaps by 501 or more,

It ls posslble that the nodelf.ng results used to develop previous
nf.trogen budgets do not reflect recent increasing trends in nitrate
levels ln the Susquehanna Rlver (see Flgure 3l below). Sl¡n1lar trends
may exist in other trLbutarles. The fact that ectual nitrogen loadíngs

may be higher than assumed by EDF provides further support for EDF

conclusions regarding the relative lmportance of nltrogen loadings from

nonpolnt sources (partlally attribuËed to acid rain, fertlllzers, ete.)
as factors contrlbuting to Bay eutrophication.

BAY ÂNI} ESI'TIARÏ STATIONS

Bay and estuary stations retrleved from the EPA's Ghesapeake Bay

data base are ldentified ln Ffgures 13 and L4, respeetively. Station
codes (abbrevlated for plotting purposes) and locations ate listed in
Table 8. All of these data were collected by the .llDOEP between July
l-984 and July L987, Data sr¡¡¡naries by station, season, and year are

given in Appendix C. Average concentrations are listed by Bay Segrnent

and month ln Appendices D and E and dlsplayed ín Appendfx F.

Bay stations (22 ln number) are orlented along the nain north-south
axfs fron the Susquehanna Rlver lnflow to Virginla state line belors the

mouth of the PoÈonac Rlver (Flgure 13). Lateral transects (3 stations
ttHtt, rfCtr, and ttEtr) are taken at four locatlons betrreen Annapolis and the

nouth of the Patuxent Rlver. The fLrst character of the Bay station
code reflects the Bay segment number, accordlng to the scheme used

histcirically for nodeling and data management purposes. Bay stations
are sampled 20 times per year (biweekly in Spring and Summer, monthly Ln

Fall and lflnter). Although sampling Ls done with depth, the analysls
below ls restricted to data from the upper mixed layer (less than or
equal to 3 meters depth). For each statlon and date, values have been
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Ff.gure 13
Bay Statlon Map
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Figure L4
Estuary Statfon Map
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Table 8

and Estuary Station Codes and Coordinates

STATION ABBREV. T.ATITUDE LONCITUDE
BAY STATTONS..
cBl. I 11
cB2.1 2L
cB.2.2 22
cB3. I 31
c83.2 32
cB3.3C 33C
cB3.3E 338
cB3 .3rI 33r{
cB4.lC 4tC
cB4.lE 4lE
cB4. lW 4lI{
cB4.2C 42C
cB4,2E 42F'
cts4.zÍit 42W

cB4.3C 43C
cB4.3E 43E
cB4. 3r{ 43tr
c84.4 44
c85.1 51
c85.2 52
c85.3 53

39.545 - 76.082
39.440 76.025
39.347 76.L75
39.248 76.238
39.L63 76.306
38.995 76.360
39.002 76.346
39 .003 76 . 388
38.825 76.400
38.816 76.37L
38.8L3 76.463
38 " 645 76.4L8
38.645 76.400
38.643 76.502
38.556 76.435
38.556 76.390
38.556 76.493
38.413 76.343
38.318 76.293
38.137 76.228
37 .9L2 76.L68
38.021 76 .348L82.3

ESTUARY
MEEl. I
ltEE2.l
lrEE3.1
IíET4.1
lrET4.2
r.rETs.1
I'ÍET5 .2
r.fr{Tl.1
IflITz.1
lf$rr3.l
Ifi{T4.1
tft{Ts.1
lfr{T6 . 1
!fr{T7 . 1
r.rt{T8.1
Ir[rr8 .2
ì.$iT8.3
MLE2,2

T.823

STATIONS.
EElI
EE?L
EE3I
ET41
Er42
ET51
ET52
IIT11
T{T21
rrr3L
lrr4L
!iT51
ItT6l-
IIT71
I{T81
I{T82
I{T8 3
LE22

38.883
38.650
38.200
39.2s8
38.992
38.583
38 , s67
39 .433
39.383
39 . 300
39.283
39 .208
39.07s
39 . 017
38.933
38.883
38.850
38.167

7 6 .250
76.275
75.975
75.925
76.2L7
76.050
76.058
7 6 .242
76.342
7 6 .400
7 6 .450
7 6 .525
76.475
76.508
7 6 .525
7 6 .533
7 6 .533
7 6 .733
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averaged rrithfn thls depth range prlor to downloadlng and subsequent

analysls. Separate data sets have been created and downloaded for
analysis of dlssolved oxygen depletlon 1n Bay bottom saters.

The estuary stations shown in Fl.gure 14 are loeated Ln tldal
portions of rivers and streams dralning lnto the Bay. Out of
approxfnately 44 Ìlaryland estuary statlons lncluded in the current
monltorlng program (based upon the EPA statlon index), 18 statÍons on

the EPA data tape sith phosphorus, chlorophyll-a, and related trater

quallty data for 1985 and 1986 are considered here. lionitoring
frequency is elther nonthly J¡ear-rour¡d or monthly wlth biweekly sanpLing

durlng Spring and Sunmer (sínllar to Bay stations). This data subset

does not reflect the complete exÈent of estuary monltoring over this
period. In particular, lntensive IÍDOE nonitoring data from the Patuxent

Estuary are not included. Additional data requests would have to be

flled fn order to pernlt analysls of Patuxent or other estuary data not

Lncluded on the EPA tape.

STATISTICAL CONI'R.AISTS

One questlon to be addressed ls nhether "statistlcally signífícant"
dlfferences can be detected ln phosphorus and related water quality
components between 1985 and 1986. Thfs questlon is not equivalent to
asklng shether or not Ëhe detergent ban lnfluenced Bay water qualÍty,
slnce year-to-year changes can also be attributed to other factors
(e.g., hydrology, treatment plant upgrades). It is not equivalent to
asktng shether there 1s a 'trendtr ln Bay condltlons, slnce longer term

data ¡sould be required for such a purpose. Fínally, it 1s not

equlvalent to asklng r¡hether 1985 condftions rrere actually different
fron 1986 condftions, since such variations may have occurred but rrere

not large enough to be detected nith the monitoríng program design.

Statlstlcal
Table 9. The

dlstrlbutlons of
(lfontgonery and

contrasts betrseen L985 and 1986 data are sunmarized ín

tests compare the seasonal (spring and sumrner)

measurements at each station uslng a standard t-test
Loftls,1987). Each test is based upon at least 3
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Table I

"0""':1:.:::l:i:].::.1:::,:ii:::i:l.i::.1:i-::::''*:1.::i::.::.::i:::.lfi,:lil:li...ilifil.lili"
STATION TOTAL P ORTHO P DIS P CHL-A SECCHI CO}¡D TOTAL P ORTHO P DIS P CHL-A SECCHI COND

c81.1 14 17 13

c82.1 24

c82.2
c83.1 17 -0.2 3293

cB3'2 2967

cB3.3C 17 28 0.2 '12

cB3.3E 1 1

cB3.3r.¡ 17 4 9 3651

cB4.1C 26 13

cB4.1E 2883

cB4.1rJ I 3821

c91.2c 9

c}4.2e 13 16 3171 '1

CB4.2LJ ?0 3248

cB4.3C 3528 '0.5

cB4.3E 5 15 2994 7

c84.3r,, 25 3203 -0.1

c84.4 12 11

c85.1

c85.2 1 14 15

cB5 "3
1E2.3 28 -0.7

HEE1.1 -0.9 2204 33 -0.ó

MEE2.1 1305

MEE3.'! '12 't662 -6

MET/+ . 1 15

t4ET 4.2 35 13

MET5.1 42 11

MET5.2 -0.2 2015 -0.3

MLE2.2 6 15 11

MrJTl .1 13 13

I'I!IT2.1 INSUFFICIENT DATA --.---.
!,II.JT3.1 INSUFIJICIENT DATA -----..
MHT4. 1

Mr¡T5.1 0.4

MI.JTó.1 10 0.3

Mt.,T7.1 INSUFFICIENT DATA ...--..
M[JT8.1 25

MUT8.2

MWT8.3

couNT8515341?613?82
SPRING =APRIL-JUNE IOTAL P = TOTAL PHOSPHORUS (PPB) CHL-A = CHLOROPHYLL-A (PPB)

SUMMER =JULY-SEPT ORTHO-P = ORTHO PHOSPHORUS (PPB) SECCHI =SECCHI DEPTH (METERS)

DIS-P = TOTAL DISSOLVED P. (PPB) COND = CONDUCTIV¡TY (UHOS)

VALUES = ARITHMETIC MEAN (1985) - ARTTHMETIC MEAN (198ó)

VALUES SHOIJN ARE DIFFERENT FROM O.O AT SIGNIFICANCE LEVEL OF .10, BASED UPON I'TEST

POSITIVE VALUES IND¡CATE THAT MEANS I.JERE HIGHER IN 1985

NEGATIVE VALUES INDICATE THAT MEANS IJERE HIGHER IN 198ó
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samples per statlon-season, although most lnvoLve 6 samples. Table 9

llsts changes 1n seasonaL meanr concentratlons (1985 - f986) whlch are

signiffcantly different from zero at a slgnlflcance level of .10. Each

positlve value indlcates that there 1s an approximate 9OZ chance that

the 1986 nean was lorrer than the 1985 nean. Seasonal means used for
these comparlsons are llsted ln Appendix C.

As discus""U O, llontgomery and Loftls (1987), the use of t-test for
detectlng changes or trends in sater quality meesurements ls subJect to

several llnltatlons. Seasonallty, Lack of normal distributíon, and

serlal dependence ¿re three factors relevant here. Seasonality has been

consfdered by averaglng measurements separateLy wlthl.n each season

before conparing years, although tests using combÍned sprLng and sumner

data glve results ryhich are qualltatlvely similar to those shonn in
Table 9. Data of thfs type are posltlvely skewed and a logarÍÈhric
transfornatlon can reduce ske¡yness and lncrease the power of the test.
lfontgonery and Loftls (1987) fndlcate, however, that the t-test ls
robust to ske¡yness as long as the sanple slzes are equal and

distrlbutlon shapes are sinllar (generally the case here). A repeat of

the tests uslng 1og-transforned datà (Table 10) ylelds a fen more

signifieant dlfferences, but results are not qualltatfvely dlfferent.
The remaining factor (serial dependence) ls more difflculË to deal wíËh,

especíally wfÈh only 3 to 6 sanples Per season. The effect of such

dependence, lf present, sould be to artlflcially lnflate Èhe nunber of

significant dlfferences ldentlfied.

SubJect to the above linitatlons, test results are su¡nmarized and

lnterpreted belors. Results refer to Èhe log-transformed tests (Table

10), vhlch are sllghtly more poverful than the llnear tests (Table 9).

(1) Spring contrasts (37 statlons) lndlcated significant decreases

ln total phosphorus (L0 stations), ortho P (6), dtssolved P

(14), chlorophyll-a (3), and conductivity (L2> . Signlffcant
lncreases in these varLables rrere detected at no stations.
Secchl depth Lncreased at 2 statlons and decreased at 2

statLons. At the .10 signlflcance level , 3,7 "differences"
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Table l0

"o""':1:-:::::i:1.::.1:::,lii:::::l.i::.1:i.::::''*:1.::i::.::.::::::.:ii,:l:l:::...:::l:.:::::'
STATION TOTAL P ORTHO P DIS P CHL.A SECCHI COND TOTAL P ORTHO P DIS P CHL-A SECCHI COND

c81.1 0.10 0.15

c82.1 0.13 0.3ó 0-52

csz.2
c83.1 0.1 1 -0.09 0.1 1

cB3'2 * o'oz

cB3.3c 0.17 0.44 0.08 -0.32

cB3.3E 0.16 0.39 0.1 1

cB3.3rJ 0.19 0.26 0.30

cB4.1c 0.31 0.11 0.07

cB4.1E 0.10 0.20

cB4.1w 0.24

c}1.?c 0.39 0.08

cs4.2E 0.25 0.44 0.08 -0.21

c}4.2v¿ 0.52 0.08 0.38

cB4.3c 0.07 '0.12

cB4.3E 0.3ó 0.49 0.08 0.'10

cB4'31'¡ o"53 'o'14
C84.4 0.24 0.3/+

c85.1 0.36 0.21 0.50

c85.2 0.18 0.20 0-39

c85.3
LE2'3 o'50 'o'17
MEE1.1 -0.19 0.05 0.17 -0.18

0"03MEE2. 1

MEE3.1 0.15 0"03 -0.35

MET4.1 0.13

MET4.2 0.24
MET5. 1 0.14 0.29

MET5.2 -0.11 0.05 '0.15

¡4LEZ.Z 0. Z0 0.32

Mr.tT1.1 0.98 0.15

MIJTz.1 INSUFFICIENT DATA .-..---
MLIT3.1 INSUFFICIENT DATA ....-.-
l4uT4'1 o'73

MWT5.1 0.15

M!JTó.1 0.40 0.14

MWT7.1 INSUFFICIENT DATA -.---.-
MUJTB. l 0.18
MWTB.2

MUT8.3

couNT106143412772293
SPRING =APRIL-JUNE TOTAL P = TOTAL PHOSPHORUS (PPB) CHL.A = CHLOROPHYLL-A (PPB)

SUMMER =JULY-SEPI ORTHO-P = ORTHO PHOSPHORUS (PPB) SECCHI =SECCHI DEPTH (METERS)

DIS-P = ÍOTAL DISSOLVED P. (PPB) COND = CONDUCTIV:TY (UH0S)

VALUES = MEAN (10G10 1985) - MEAN (10G10 198ó)

VALUES SHOI,JN ARE D¡FFERENT FROM O.O AT SIGNIFICANCE LEVEL OF .10, BASED UPON I.TESÏ

POSITIVE VALUES INDICATE THAT MEANS I.JERE HIGHER IN 1985

NEGATIVE VALUES INDICATE IHAT MEANS I,JERE HIGHER IN 198ó
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would be expected by chance for each variable if the 1985 and

1986 popuLatlon means rÍere actually equal at each station.

(2) St¡nmer contrasts (40 statlons) lndicated slgnificant decreases

ln total phosphorus (7 stations), ortho phosphorus (7),
dlssolved phosphorus (2), and conductivlty (3). Chlorophyll-a
lncreased at 2 statlons. Secchl depth lncreased at 7 stations
and decreased at 2 statlons. At the .10 slgnificance level, 4

"dlfferences" rvould be expected by chance for each variable.

(3) Generally, greater numbers of slgnlflcant dl.fferences bet¡veen

1985 and 1986 were detected 1n the sprlng comparfsons than ln
the sunner conparisons. As lndlcated in Table 1, ¡vlnter and

sprlng runoff rates were hlgher in 1986 (7.3 and 4.1 inches,

toÈal 11.4 lnches) than 1n 1985 (4.7 and 3.5 inches, Èotal 8.2

lnches). Decreases ln sprlng conductivity at 12 stations
sould reflect these florv varlations. Lorver conductLvftles
would be expected durlng perfods of htgher flow because of
less sallnÍty intruslon.

(4) Out of 37 sprlng and 40 su¡nmer contrasts, a slgniflcant
reduction 1n phosphorus (any specie) was accompaníed by a

signfflcant reductf.on ln chlorophyll-a ln only one instance
(Station IíET5.1, Choptank River, spring contrast). Spring

phosphorus apparently decreased from 158 to LL7 ppb and

chlorophyll-a decreased fron 23 ppb to 12 ppb. Higher runoff
(Figure 2> during earl-y 1986 could conËribute to these

changes. Tlne series of phosphorus, chlorophyll-a, and flos
at thls station are displayed in Flgure 15. Florrs are derived

from the USGS gauge upstream on the Ghoptank Rlver (0149f000).

In 1986, spring samples were taken during a period off falllng
fLor¡s and rlslng phosphorus and chlorophyll-a concentratíons.

High rrinter flows r¡ould promote flushing of nutrients and

algae from the headnaters of the estuary. In late Sprlng and

Summer, no differences between 1985 and 1986 are evident.
Apparent differences between Spring l-985 and 1986 at thls
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Figure 15
Phosphorus, Chlorophyll-a, and Flow and Chlorophyll-a Time Series

Choptank Rfver Statlon tfET5.1
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stetlon seem to be related to dtfferences ln the hydrograph'

rather than to changes ln polnt-source lnputs.

Ttre slgnlficantly lower concentratlons of phosphorus sPecles measured at

several Bay and Estuary statfons durlng 1986 are expected based upon

changes ln phosphorus loadlng over thls perlod (Table 6). As a result
of changes ln flow, nonpolnt loadlngs, and treatment plant upgrades,

reductlons fn phosphorus loadlngs during 1986 (vs. f985) \fere greater

than those attrlbuted to the detergent ban, as illustrated belos:

Quarter
Spring

Sr¡nner

Loadlng (lbs/day)
Z Reductlon

1985 1986 Ban Total
27 ,0L0 24,030 6 .5r 11.02

17,960 L3,457 11.12 25.Lr

Concentration (ppb)

% Reduction

1986 Ban Total
88 6.72 22.8r

L44 LL.6T. n.9r

Inflow

198 5

LL4

2L8

Observed reductlons ln Bay phosphorus concentrations betrreen 1985 and

L986 reflect the combined influences of these changes 1n loadíng and

other factors drlvlng nutrfent cycling within the Bay.

NITTT.TE¡il AIID AIÆAE TI}IE SERIES

A better appreciatlon for variaÈlons ln Bay conditions can be

derived by conslderlng the conplete record from July 1984 through July

L987. l{onthly tlne series by segment are shonn in Appendix F. Flgures

l-6 and L7 compare seasonal-average phosphorus and chlorophyll-a
concentrations at lndivtdual statÍons. The first digit of each station
code corresponds to the Bay segment in shlch the statíon is located.

The nonitoring perlod pernfts estlnatÍon of spring means for three years

(1985-1987) and sr:m¡ner means for four years (1984-1987). Estimates of
su¡nmer means for 1987 are based upon July measurements only (vs. July-
September for other years). Symbols (*) ln Flgures 16 and 17 lndícate

nhether year-to-year variatLons 1n seasonal means are signlffcant
(p=.tO), based upon a one-nay analysls of variance. Dotted lines 1n

Figure L7 show the 15 ppb management goal for chlorophyll-a, which has



-50-

Figure 16
Total Phosphorus lleans - Bay Statíons - L984-L987
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Figure 1-7

Chlorophyll-a Means - Bay Statlons - L984-L987
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been estabLlshed as a habltat requlrement for submerged aquatlc

vegetatlon ln shallor regions of the Bay (USEPA,1987).

One dlstlnctlon between 1987 and the prevlous years with respect to

chl-orophyll-a is the a1ga1 bloom which developed in Segments 4 and 5

durlng Spring of 1987. In Segnent 5, chlorophyll-a concentratíons

averaged ¿bove 30 ppb for a two-month period. As described below, thls
bloom r¡as folloryed by rapld depletlon of dlssolved oxygen from bottom

waters ln this reglon of the Bay. Total phosphorus concentratlons \rere

also higher in Segnent 5 durlng Sprfng of 1987 (Figure 16), but not in
proportlon to the differences ln chlorophytl-a (Figure 17).

As lndlcated ln Table 6, the average lnflow phosphorus

concentratlon for the llaryland portion of the Bay sas 170 ppb in Spríng

of t987 , as compared with 86 ppb in 1986 and LL7 Ppb in 1985 '

Corresponding sprlng-average loadings trere 72,668, 50,443, and 43,887

Lbs/day, respectlvely. The higher fnflow concentration and loading

prLnartly reflect hlgh runoff fron the Susquehanna and Potomac in April
of L987 (Figure 2>, Downstream transport of high inorganic nitrogen
concentratfons (> 2000 ppb) observed in Segment 1 (nouth of the

Susquehanna) during lfarch 1987 (Appendlx F-4) nay also have contríbuted

to Èhe spring bloon in Segments 4 and 5. Nitrate nitrogen levels in the

Potomac and Susquehanna peaked at 2,000-2,500 ppb during Ifinter of L987.

Si1lca depl-etion occurred during Sprlng in Segment 5 (Appendix F-

6). Station CB5.2 tine series (Figure 18) fndicate that sprlng dlatom

populations in thls region ¡rere regulated by phosphorus and silica.
Stolchlonetric ratfos of sllica to ortho phosphorus durlng the spríng

chlorophyll-a peaks approached 4/L (Sl/P), well the below typlcal 20/L

requlremenÈ for diaton cells (Bowle et aL.,1985). Silica may be more

important than phosphorus in regulatlng naxlnr:m sprlng blomass in this
region. Algal transitions to forms wlth lover or no sillca requirements

nay have occurred later in the season, but apparently not at sufflclent
rates to avoid the sudden drops fn chlorophyll-a following depletion of
dfssolved slllca. Followlng the sprlng dlaton bloom, nftrogen
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Chlorophyll-a and Soluble Nutrlents at Three
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llnttation (inorganic N/P

Sr¡nner, as 1s typlcal of most of the Bay (USEPA,1987).

Statlons along the westet11 edge of Segnent 4 (411I, 42ÍiI, 43I{)

exhlbit a hígh degree of vari¿blltty ln chlorophyll-a, phosphorus, and

other nutrLent measurements durtng Sunmer. As shown 1n Figures 16 and

L7, sunmer-average values at these statlons often deviated conslderably

from averages at correspondlng central (41C, 42C, 43C> and eastern (41E,

428, 43E) staÈlons. The Bay ls relatively shallo¡r along the western

edge of Segment 4 (10-11 meÈers, ås compared with 28-30 meters at

central and 11-26 meters at eastern stetlons, based upon maximum total
depths reported ln the EPA data base). Thls area ePpears to be

relatÍvely susceptible to su¡nner blooms driven by transport of soluble

nutrlents (phosphorus, amnonia) fron bottom waters.

Blooms exceeding 100 ppb Chl-¿ were detected at Station 4.llf during

July of 1986 and at Station 4.311 durlng August of 1984 and 1985 (Figure

18). Ttre rapld increases ln chlorophyll-a ¡vhlch occurred at these times

rrere acconpanied by rapid lncreases ln ortho phosphorus concentratíon,

apparently derived from bottom saters. As the blooms developed,

inorganlc nltrogen levels dropped sharply and lnorganlc N/P ratios were

rsel1 belor¡ 10 (lndfcative of nitrogen lln1Èatlon) at peak biomass. As

shown ln Flgure L9, su¡nmer lnorganlc ñ/P ratios averaged below 10 at

most stations ln and below Segment 3, excePt during L984, when summer

lnflows (and nitrogen loadlngs) from the Susquehanna River vrere

relatively htgh and Bay vertlcal stratiflcatí-on r¡as relatively strong

(offlcer et a1. , 1984) .

Figure 20 presents a non-parametrfc su¡nmary of chlorophyll-a data

as a functlon of yeat, segment, and season. Frequencies of measurements

exceedtng 15 and 30 ppb are displayed for each category, The 15 ppb

value corresponds to the management goal which has been estabLished for
restoratlon/protectlon of submerged aquatlc vegetation (USEPA,1987).

The 30 ppb level has been suggested as a 'rsevere nuisance" criterion in
freshsater systems, based upon correlatlons between chlorophyll-a
measurements and subJective ewaluatlons of aesthetic qualitles and



--R5-

Figure 19
Inorganic N/P Ratios - Bay Stations - L984-L987
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Figure 2O

chlorophyll-a Nuisance Frequeneíes - Bay Statíons - 1984-1,987
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recreatLon potentlal (llalnsley ,L984; Itelskary and lÙalker, 1988) .

Overall, the frequencies of chlorophyll-a concentratlons exceeding the

15 ppb managemenË goal were 19.8U ln 1984-1985 and 2L.6I in 1986-1987.

Frequencles of chlorophyll-a exceedlng 30 ppb sere 3.8% ln 1984-1985 and

4.31 ln 1986-1987. These summaries further suggest that no

'rLmprovementrr fn Bay condltlons occurred over this perlod with respect

to algat productlvlty or coutpliance slth management goals, despite

reductlons ln phosphorus loadlngs attrlbuted to the detergent ban,

lnproved sastenater treatment, and other factors (Table 6).

PRODTCTTVII"Í CAIÆTII.ATIONS

Table 1l describes a nodel nhlch ls used belo¡r to evaluate factors
controlllng algal productivfty in the Bay as a functlon for various

seasons, years and Locatlons. The nodel is based upon kinetic theories

of algal growth and enploys functlons and paf,ameter values ¡rhich are

typlcally used ln phytoplankton simulation nodels (Bowle et al.,1985).
Through a serf.es of steps, the model ealculates the gross prinary
produôtlon (gross photosynthesls) per unit area (expressed on a relatlve
scale), based upon measurements of chlorophyll-a, transParency,

temperature, and soluble inorganlc nutrfent levels (phosphorus,

nitrogen, and sflica). The equatlons account for effects of

temperature, light, and nutrÍent llmitation on algal grotrth rate. The

nodel does not aËte¡npt to simulate transport or mass-balance

relatlonshlps, but ls lntended prinarlly for esttnatlng relative
productlvity and lts sensitLvity to soluble nutrfent concentration,
based upon mLxed layer measuÍements at a particular locatíon and date.

Areal productivity ls inportant because it ls relaÈed to the areal
loading of organÍc material to Bay bottom sedinenÈs and subsequent

development of anaerobLc conditions belon the halocllne (Offlcer et al. ,

r.984) .

As documented in Table 11, an

requfred to calculate the llght
productivlty. llhlle thls could be

temperature and sallnlty profiles at

estimate of nixed-layer depth ís

llnftation factor and areal
derived dfrectly from vertlcal

each station and date, a constant
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Table 11
RelatÍve Productivity Model

Symbol

Symbol

Definltions:

Descriptlon Units Code

g

F1
I.

Fn=
F

Ft=
v
v
v^

$=
os
E=
om
ry_oo
vn
v1)

ts
Ks=
K"=
K"
Ki=
T_*o
D_
ñ
l-

relative algal productivlty per r:nft area
ltght linltation factor
nutrient linitation factor
nitrogen linltatfon factor
phosphorus lirnitatlon factor
silica Lirnitatlon factor
temperature factor
productivity sensitivfty to nltrogen
productivity sensitivlty to phosphorus
productivity sensitivity to slllcon
chlorophyll-a
Secchi depth
visible light extinction coefficlent
mean depth of nixed layer
optícal depth
lnorganic nitrogen concentration
ortho phosphorus concentratfons
dissolved silicon concentratlon
half-saturatlon constant for silica uptake
half-sat. constant for nitrogen uptake
half-sat. constanÈ for phosphorus uptake
half-sat. constant for líght intenslty
vlslble solar radiatlon
day length
rratef temperature

pp¡
meters
lrlmeters
meters

pPb

PPb
PPb
Ppb
PPb
PPb 

^caL/cm¿ -lnr
cal/em¿ -day
hours
deg-C

c
c
c
c
c
c
c
c
c
c
M

ü
C

5

c
l,I

1,r

I'f
50a
25a
2.5
l-.5 a
S

S

M

Codes: lf = measured, C

Other = âSSuflêd

Average llonthly Values

= calculated ,

urodel parameter

for 40 degrees

s = seasonal factor (see below)
(a = Borfe et al., f985)

LatLtude (lfcGaughey, l-968 ) :

Month :

D:

T:

10.7 11.9 13.3

90 135 150

L4.4 L5.0 14.8

224 236 230

L2

9.4

45

lLl_0

9.7

55

13.8 12.5 11.2 10.0

203 158 LLz 69

(continued)
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Table 11 (ct.)
Relatlve Productivlty lfodel (ct.)

l,foDEL EQUATTONS:

Relative Prfunary Productívity per IInít Area:

G=FlFxFrBZn

Light Lf-uitatíon Factor:

E:1.66/Zs , Zo:EZm
-zo

Fl =D ln [ ( Kt + ro/D) / (Ky+ ro e /D ) I / < 24zo>

Itutrient LLnitation Factors :

Fn = Cn /'( cn + Kn )

FP:cp/(cp*h)
Fs:cs/(cs+K")
Fx : lllnim¡n I Fn, Fp, F" ]

TeElreratrrre Factor:

Fr = 1.047 (T - 20)

Productfvlty Sensitfvity Factors :

Normalized First Partial Derivatives of Areal Productivity with Respect
to Solubl-e Inorganic Nutríent Concentrations

dc
Yx: KJ , whereJ:n,Pors

dcj

rf (Fn: Fx) then: Yr, = (1 - Frr)2 G / Fn , else: Yn:0

If (Fp = Fx) rhen: Yn = (1 - Fp)2 e / Fp , else: Yp: O

If (Fs: Fx) rhen: Ys: (1 - F")2 G / Fs , else: Ys: O

Límiting Nutrient Frequencles :

If ( Fx > .67 >, Lfuniting Nutrfent : None
(Soluble nutrlent concentratlons all exceed tnice Èheír
respective half-saturation constants and productivity is
relatively insensitive to nutrients. )

Else If ( Fx : Fe ), Linitíng NutrienË = PhosPhorus
Else If ( Fx : F; ), LinítÍng Nutrient : Nítrogen
Else If ( Fx : Fs ), Límitlng NuÈrient = Silica
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mlxed layer depth of 5 meters is assr¡med for the PurPoses of the

ealculatlons descrlbed be1ow. Because of the optical characterlstlcs of
Èhe Bay (relatlvely low transParency and high optlcal depths),

calcuLations are very lnsensltive to the assr:¡ned mixed layer depth.

Mixed-layer depth appears ln the equatlons for productlvlty and optlcal
depth. Except for the exponential term appearlng 1n the expresslon for
the llght llnttatlon facËor, the depth terns eventually cancel out

because they appear in the nr:.merator of the productlvity expresslon and

ln the denomLnator of the light llnl.tatlon factor. The exponentlal term

is close to zero for reasonabl-e ranges of transparency and nixed depth

and, as a result, the numerator of the ltght llnltatlon factor is
lnsensitlve to the assr¡ned depth.

The nodel accounts for aLgaL growth lfnltatlon by phosphorus,

nLtrogen, and sllicon. Calculations are dependent upon assumed half-
saturatlon constants (2.5, 25, and 50 PPb, respectively), which have

been selected from a conpllatlon by Bosie et 41. (1985). The constants

for phosphorus and nltrogen are hlgher than those enployed ln the Bay

nodel (1.5 and 15 ppb, respectlvely (USEPA,1987)). The ratios ate

ldentlcal, however, so thaÈ conclusions regardlng the relatLve

importance of nitrogen and phosphorus llnltation ere not fnfluenced by

differences in the coefflcients. Slllca llnitatlon (not constdered in
the current Bay model), ls important' only for diatons and nould not

lnfluence grotrth rates of other algal types. Because uptake by diatoms

is the prl.mary nechanism for silica depletlon (lfetzel,L975), sí1íca

levels reach growth-liniting 1eve1s only durfng perlods rrhlch are

conduclve to df.atom grorrth (generally Sprlng or Fall). As a result, the

slllca llnltation term only becomes lmportant nhen diatoms dominate and

is not inportant durlng Sr¡¡nner when other al.gal tyPes (greens,

bluegreens, flagellates) dominate.

The model has been applled to estimate relatlve productlvity and

its sensLtlvity to soluble nutrient concentrations at Bay stations
betrreen lfarch 1985 and July 1987. The July L984-February 1985 data have

been excluded because the detectfon llnit for ortho phosphorus durlng

the perlod (7 ppb) rras higher than the half-saturation constant (2.5
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ppb); this prevents evaluation of llnltlng nutrient during thls period.

The ortho phosphorus detectlon llnlt after February 1985 sas 1.6 ppb.

Productlvlty calculations have been applted to each sanple after
February 1985 wlth a conplete measurement set. Results have been

averaged by nonth and segment (Appendlx C) and by season and segment

(Appendlx H). ïlonthly time serles are displayed ln Ffgure 2L

(productlvity), Ff.gure 22 (nutrient Ll-nltatlon factors) and Flgure 23

(llnltlng nutrient frequencies) .

Htghest productlvlties (exceeding 3 relatlve rmlts) are calculated
for July 1986 ln Segnents 3,4 and 5, lfay-June L987 ln Segment 5, and

July L987 Ín Segnent 3. Conslstent wlth contrasts of chlorophyll-a
measuremenÈs, there 1s no lndicatlon that the decreases in phosphorus

concentratlons observed at several Bay stations (Tables 9 and 10)

resulted f.n decreased alga1 productlvity. Figure 21 suggests lncreasing
productlvity ln Segment 5. This nay be related to the hfgher rrinter and

spring lnflows experLenced durlng 1987, shlch sould cause lncreased

loading and transport of nutrlents (nftrogen, phosphorus, sfllca) to
lower regions of the Bay.

SenslÈivlty coefficf.ents (first partial derlvatives of areal
productivity wlth respect to soLuble nutrient concentrations) are

dtsplayed by segment and season ln Figure 24, Hfghest sensitivíty to
phosphorus Ls observed fn Segnent 1 durfng Sunner (Quarter 3) and in
Segnents 3 to 5 during Sprlng (Quarter 2), Sensltlvity 1s to nltrogen
ls hlghest durlng Sumner in Segnents 3 to 5. The lnportance of nitrogen
lftnitatlon during Summer is also reflected by the low inorganic nitrogen
to ortho phosphorus ratios (Flgure 19).

Sensltivity to sllfca is hlghesÈ during Spring in Segments 4 and 5.

Sillca depletlon has been described as an Lmportant symptom of
eutrophication ln natural lakes (lfetzel,L975; Stauffer,1985). Spring

díaton blooms can rapLdly strlp soluble nutrients from the rrater column.

Because of the relatively high density of dlaton cells and lon density
stratlfication 1n the water column durlng spring, nutrients ate
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Figaxe zZL
Relative Produetivity by l'[onth and SegmenÈ
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FLgt:re 22
Growth Linítation Factors by }fonth and Segment

3,4 5 6 7 8 91011121 2 3 4 5 6 7 8 91011121 2 3 4 5 6 7
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Fígure 23
LimíÈing Nutrient Frequencíes by }fonth and Segment
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efflclently removed and deposfted to bottom sediments. In the case of

Chesapeake Bay, some of these deposlted nutrl-ents are transported

upstream ln the bottom sallne layer and subsequently entrained into the

surface layer later in the season, at ¡vhich tine they may stlmulate

additlonal algal bloons. Ilhen spring diatom poPulations are linited by

slllca (lnstead of by phosphorus or nltrogen), more soluble phosphorus

and nltrogen is left behlnd ln the surface layer to stlmulate other

types of algal gronth later 1n the Sunmer.

Sprlng slllca llnitatlon in Segments 4 and 5 could be considered a

slrnpton of excessive phosphorus and nftrogen 1eveLs during this period.

Although the system ls closer to being llnlted by phosphorus than by

nf.trogen under existlng condLÈlons, thls partlally refl-ects the fact

that nltrogen loadings to the Bay (prlurarfly nonpoint) have contlnued to

increase, whlle phosphorus controls have been widely lmplemented.

Grltical quesrions 1n thls regard are (1) lftrat ls the llniting nutrfent
r¡nder rrnatural'r condltlons ln thls reglon of the Bay durlng Sprlng?, and

(2> I{trat 1s the relatlve feastblllty of achievlng nitrogen vs.

phosphorus llmftation and resulting reductf.ons ln peak sprlng blomass fn

this region through addLtlonal polnt and/or nonpofnt controls? The

same questLons appty to sunmer conditions.

In all segments, nutrient sensitlvltfes are low during fall and

wLnter quarters because of lov temperatures and light lirnltation. Light

Ltnltatlon is especlally lnportant ln Segnent 2. Based upon the

relative nagnitudes of the chlorophyll-a and transParency measurements,

1orr transparencies ln this segnent (< I neter) prLnarily reflect
inorganic turbidlty from the Susguehanna River and/ot upwelling of
partlculates from the sallne botton layer. The low productlvltles and

low nutrient sensLtlvittes calculated for Segment 2 ate conslstent wíth

the relatfvely Low primary productlon rates measured by the ÌfD0EP(f987)

ln this reglon.



-67 -

DISSOLVED OXYGEÑ DEPI.ETION

Depletlon of dissolved oxygen fron botton waters of the Bay, as

drlven by decay of settllng organLc material, historlcal organic

deposfts, and hydrodynanic factors, has inportant water quallty and

ecologlcal consequences (offlcer et al.(1984); Seliger et al.,1985).
This process promotes release of -soluble nutrlents from the botton

sedlments (further aggravatlng the eutrophicatlon problen) and liníts
hebltat for shellflsh, ffnflsh, and other aquatfc llfe.

Flgure 25 dtsplays average dlssolved oxygen at 20 meters depth

betrreen L984 and L987 for each. of 9 Bay stations. These values have

been derived by averaglng measurements bet¡veen 17 and 23 meters for each

daüe and station. This proeedure avoids complex spatial welghting

procedures requlred for conslderation of average condltfons below the

pycnocllne. Depletlon rates at 20 meters have been enployed í.n prevlous

df.scusslons of hLstorlcal data (Offlcer et al.,1984).

Flgure 25 shons that anaerobic conditions developed at each station
durlng May or June of each year. Dates at which dlssol-ved oxygen levels
dropped belo¡¡ 2 ppn are sr¡nmarized by statlon and yeat in Table L2,

along wlth depletlon rates (ppn/day). Spring depletion rates ranged

fron .1 -.2 ppm/day, and are comparable to the range of .l--.14 ppm/day

derlved from dfsplays of hlstorical- data reported by Officer et

al. (1984) and USEPA(1987).

Variatlons in hydrodynanic factors (e.g., development of density
stratiflcation related to sprlng lnflor¡s, Officer et â1. , 1984) and

a1gal productlvity contrlbute to spatlal and tenporal variations ln
oxygen depletlon rate. In Segnent 3, rates sere somewhat higher and

dates of anoxia rrere earlier Ín 1985, as conpared nfth l-986 and 1987.

The reverse appears to be true further downstream ln Segment 5 and at
the mouth of the Potomac (Statlon LE2.3).

Officer et al. (1984) state: "Effects of the spring dlatom bloom in
the lor¡er Chesapeake Bay have to be considered in terms of the
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Figure 25
Dlssolved Oxygen Depletlon at 20 lleters - Bay Stations
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Table 12
Sprlng Oxygen Depletion at Bay llainstem Stations

YEAR

STATION 1985 1986 L987

ONSET OF

cB3. I
c83.3
cB4. I
cB4.2
cB4. 3
cB4.4
c85.1
ç85.2
c85.3
LE2.3

ONSET OF

cB3. I
c83.3
cB4. I
cB4.2
cB4. 3

cB4.4
cB5.l_
c85.2
c85.3
L82.3

AVERAGE
cB3. I
c83.3
cB4. I
cB4.2
cB4. 3

c84.4
c85.1
c85.2
c85.3
L82,3

ANOXIA -
110
110
1,20
13s
135
150
160
165
195
170

ANOXTA -
20-Apr
20-Apr
30-Apr
15 -lfay
15 -lfay
30-l{ay
09-Jun
14-Jun
14-Jul
19-Jun

DEPLETION
0.20
0.2L
0.20
0. 15
0.15
0.12
0. 11
0.10
0. 10
0. 10

0.14 0.15
0.12 0.15
0.L2 0.15
0.11 0.15
0.11 0.1s
0.10 0.16
0.09 0.L4
0. 15 0.15

JULIA¡{ DAY (a)
L25 L25
130 130
140 130
150 13s
160 13s
160 L3s
160 140
165 140
195 150
r-40 140

DATE (a)
05-May 04-lfay
10 -Ifay 09 -!fay
2O-May 09-llay
30-!fay L4-!lay
09-Jun L4-llay
09-Jun 14-!lay
09 -Jun 19 -llay
l4-Jun 1-9-tfay
14-Jul 29 -llay
20-lt[ay 19-May

RATE (PPIí/DAY) (b)
0.16
0. L6

0. 16
0. 16

Anoxia Defined as D.O. < 2 ppm; Depths FÍxed aE 20 meters
Dates of Anoxia Estlmated by Interpolatfon between Sanpling
Dates; Esti¡nates Accurate to within Approximately One l{eek

llean Slope of Depletion Rate Curve from Early Spring
(Approx. April 10) until D.O. Drops below 2 ppn
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eontributlon to the expanded hypoxtc condLtions and the loadlng of

organlc detritus through gravltational circulation to the nid-bay

reglon". Thts concept is supported by 1985-1987 data. The early

devel-opment of anoxlc condftlons in Segment 5 is correl-ated wtth the

naJor diaton bloom ¡yhlch occurred ln thls reglon during Spring of 1987

and sith the hlgh productlvlty rates calculated for this location and

tlme perlod (Flgure 2L). DLssolved oxygen variatlons wlth depth at

Stetlon C85.2 and correspondlng surface chlorophyll-a concenüraÈions are

displayed in Figure 26. Anoxla developed et thls locatlon approxinately

one month earller ln 1987, as compared wlth 1985 and 1986.

It ls unllkely that hydrodynanlc factors can explain the

development of anoxfa early ln 1987. Vertlcal dlfferences (20 meters

vs. surface) in salinlty, temperature, dlssolved oxygen ) and surface

chlorophyll--a at Station CB.s,2 are shown in Figure 27 , Vertical
saLlnlty differences and contours (Ffgure 28) were sfmilar 1n 1985-1987,

es df.stinct fron 1984, when hlgh spring and sunner inflows establlshed

strong gradlents (Seltger et a1.,1985). As shown ln Figure 27, the

temperature dlfference peaked at 8 deg C ln early June L987, about tno

r¡eeks after the maxinum oxygen dlfference. " lfhile stronger temPerature

gradlents sould also contrlbute to develoPment of botton anoxÍa, density

stratlficatÍon ls controlled prinarlly by variations 1n saliníty in
these measurement ranges. For example, a salinity difference of 7 ppt

rcould correspond to a densfty difference of about .006 g/cm3, whereas a

temperature dlfference of 8 deg-C (naxinr:m observed) sould correspond to

a denslÈy dlfference of about .OO2 g/cm3. The development of a strong

temperature gradient in 1987 may have been a secondary effect of the

coincldent algal bl-oom, ryhlch rvould have increased the absorption of

light and heat ln the surface layer. Thus, the algal bloom nay have

contrlbuted to the early developnent of anoxia by supplying abundant

quantitles of settltng organlc materlals -and enhancing vertlcal denslty

stratificaÈion.

Sellger er al. (1985) described the development of norÈhern bay

anoxf.a in 1984 as "satastrophic". They noted that dissolved oxygen

concentrations below the pycnocline decreased to zeîo during June, two
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Figure 2tr
Oxygen Differences, and Surface

Statlon C85,2
Surface - 20 ¡r; Salinlry Diff. =
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Figure 2g
Salínity Contours at Bay Station CBs.2
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Chlorophyll-a and Oxygen Depletlon at Bay Srarion CB.s.2
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nonths earller than for prevlous wet years. Based upon the dates of
oxygen depletlon and maxfmr¡n vertical extent of anoxia (approaching 6

meters at Statlon CP,5.2, Figure 26) , condltions durlng 1985 and 1986

wete at least as rfcatastrophic'r as those observed 1n 1984, if not more

so, despite lower flow regLmes ¿nd less density stratlflcation.

As noted by Sellger et al-.(1985), most of the remainlng vlable

shellflsh beds 1n lfaryland are located fn Eastern Bay and the Choptank

and Potomac Rivers, including the SÈ. Ìlary's River, a trlbutary near the

nouth of the Potomac. These areas with high resource value fnclude

reglons lnpacted by the Sprlng 1987 dlatom bloom and subsequent early
anoxla.

CONSEQIIENCES OF SEIETS IN T.TUTTING NTIIT.IENT

Soluble nutrlent data, productLvlty calculations, and formal

nodelf.ng efforts (USEPA,1987) lndicate that algal growth in Chesapeake

Bay ls rxot controlled excluslvely by phosphorus. As su¡nnarized in
Figure 29, phosphorus is the prlmary llniting nutrient ln and above

Segment 2 durlng all seasons and ln Segnent 3 durfng Spring. NÍtrogen

linits peak blonass level-s ln and below Segnent 3 durlng Sr:mner. Spring

sfllca llnltation 1s lnportant ln Segnents 4 and 5. The lnportance of

factors other than phosphorus has 1npllcations for evaluating the

benefits of the detergent ban and other phosphorus control stÏategies
lntended to address the Bay's eutrophlcatlon problems.

llhen a phosphorus-llnlted system ls coupled (in tlme or space) with
a nitrogen-l1¡nlted system, one effect of controlling phosphorus sources

alone ls to dlsplace productivity fron the P-llnlted to the N-llmited
system. Thls occurs because reducing productivlty in the P-1lrnited
"system reduees uptake and trapplng of nitrogen and thereby increases

transport of nltrogen downstream. Thls concept also applies ¡rhen thg

downstream system ls limlted by slllca, or when any sPetlal or temporal

shift ln liniting nutrient occuts.
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Tt¡ls conceptual nodel fs lllustrated ln Ffgure 30. Systems ilAÍ

(phosphorus-1lnlted) and rrBrr (nftrogen-ltnited) are coupled ln space

and/ox tÍme ('B' recef.ves 'left-overstr from "4"). ProductLvlty and

nutrient trapplng in each system (represented by dolrnward arrows) are

assr¡med to be controlled by etther nltrogen or phosphorus. Productlvity
temoves nitrogen and phosphorus from each system at a flxed N/P ratio of
10, until the supply of one of the nutrients 1s exhausted. The

renalning nutrients are transported to the downstream segment. Systen
rrArr is fed by external phosphorus and nitrogen fl-ures, which are

nanlpulated under ScenarÍos 1 (No Gontrol), 2 (Phosphorus Control), and

3 (Phosphorus and Nltrogen Control). System "Brr ls fed by outflow from

System *A* and by an "Inflnlte P Source". The latter could reflect , for
example, bottom sedlmenÈ releases and exchange wíth ocean waters. The

nagnitude of the infinfte P source and lts nitrogen content are

lrrelevant for the purposes of these calculatlons, as long Ít is
sufflclent to malntaln rrBr ln e nltrogen-llnlted . state (tyPical of

marine waters).

Iülthout loading controls (Scenarlo 1), productivities of 40 and 10

(arbitrary units) are calculated for Systems *A'r and "8", resPectively.
The effect of phosphorus controL (Scenarlo 2, reducíng external
phosphorus loading frorn 40 to 2O), 1s to decrease the productívlty in
Segment wA[ from 40 to 20 and to íncrease the productivlty in Segment

"8" from 10 to 30. Dependlng upon flow balances, surface areas, eÈc',

phosphorus controls alone could decrease the maximum produetivÍty.
Total productlvlty (A+B), a relative indicator of organic loadlng and

resultlng oxygen depletfon, ls unchanged, however. Scenario 3 sholrs

uhat reductlons ln both phosphorus and nitrogen are requlred to reduce

the total productlvlty of both systems.

In the Bay, Systens rrArr and 'B' are also coupled because of tidal
influences and salinlty intruslon, which cause transporÈ of a portion of
the nuÈrients trapped in Systen 'B" back uPstream to SysÈem rrArr. If the

conceptual model were modifled to account for thfs relatíonshÍp, the

benefits of phosphorus control alone would be further diminished.

Reductions f.n external phosphorus loadings to System rrA" nould be
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Figure -3Q,Conceptual Model of Coupled phosphorus_Linited and Nitrogen-Limíted Systems
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partla[y off set by lncreased nutrlent deposltion in System rrBr and

subsequent upstream transPort in sallne botton saters.

Ttrls conceptual nodel can be consÍdered ln relation to Bay

monltorlng data for the 1984-1987 perLod. As shorrn ln Figure 29 ,

phosphorus 1s the prlnary llnltlng nutrient in Bay Segment 3 during

Spring. lloving dowrrstream during thls season, horvever, sllica and

nitrogen become increaslngly f.nportant. Slnflarly, moving fron Spring

to Summer rrlthLn Segment 3, nitrogen becomes the controlling factor.
Figure 20 lndicates that sprlng algal bloon frequencies decreased ín

Segnent 3 between 1985 and 1987. Gorrespondl-ng increases ln bloon

frequencles rrere obsenred tn Segments 4 and 5 during Sprlng and ln
Segment 3 durlng Sr¡amer. Formal nodeling would provide nore detalled
insights and help to sort out effects of changes ín flow, nlxfng, etc..
The algal response pattern is not lnconslstent rrlth expectations based

upon the observed patterns 1n liniting nutrients.

Model slmulatlons (USEPA(1987), P.8) of alternative management

strategies shos that control of phosphorus aLone results in the

transport of additlonal nftrogen to the lorrer Bay and subsequent

stimulatlon of algal grorrth to levels rrhieh equal calibration levels.
The predlcted response of average chlorophyll-a concentration to
addltlonal phosphorus loadlng controls ls sluggfsh; a 4OT" reductíon of
phosphorus loading below 1985 levels nould result in a 10% reduction in
chlorophyll-a for 1984 circulaÈion (USEPA,1987). Model results also

lndfcate that control of phosphorus alone moves the zone of phosphorus

linitatlon further dorrnstream. The extent Èo whích the exísting Bay

model reflects the lnpacts of shlfts ln linitfng nutrient as a function
of season and locatlon is unclear, however, because the nodel ls steady-

state, sllica llnltation ts noÈ consldered, and there f.s considerable

uncertainÈy with respect to the slurulatlon of sediment nutrient fluxes,
nhích have lmportant lnfluences on sunmer conditions in the Bay.

Although phosphorus controls implernented since the L970's have

apparently resulted ln reductLons 1n mean and maxinum chlorophyll-a
concentrations ln the Upper Bay (USEPA,I-987), there is no evidence that
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rates of oxygen depJ.etfon or seasonal volumes of anoxic rater have

decreased. Based upon spatiaL and seasonal patterns 1n llmitlng
nutrient, nltrogen controls wlll have Èo be lnplemented ln order to
achleve signlficant reductlons in the overall productivlty of the Bay

and resultlng oxygen depletlon.

Hlstorlcal data from Bay Segrnent 1 (nouth of Susquehanna Rlver)

lndicate that phosphorus concentrations ln recent years and are well-

belorr levels forecast based upon USEPA(1983) regressíon analysts of pre-

1981 data (Flgure 31). In contrast, nltrate nitrogen levels have

contLnued to increase slnce the earLy 1960's. As lndfcated in Table 7,

nonpolnt loadlngs and the Susquehanna River account for an estl¡rated 861

of the total nltrogen loadlng to the lfaryland portion of the Bay. UniË

export of nitrogen from the Susguehanna Ríver (5fSO Lbs/mi2-yr) is 78'1"

hlgher than that observed ln the Choptank River <2gL4 Lbs/nL2-yr).

The lnportance of both nlÈrogen and phosphorus in controlltng Bay

productlvlty ls reflected ln the Draft Bay Agreement, which calls for a

402 reductlon in both N and P loadings bel-ow 1985 levels (USEPA,1987).

Using 30,845 lbs/day as a reference total phosphorus loading (Table 7),
the detergent ban under 1986 effluent llnits would accor¡nt for a

reductíon of 5.42 (1681 Lbs/day - LIz ngd e 1.8 ppm). Under L987

effluent llnits, load reductions attributed to the ban are reduced to

3.42 (1066 Lbs/day - TL ngd e f.8 ppm). In order to achieve the desíred

402 reductlon in phosphorus loadings, lt seems lfkely that phosphorus

effluent llnits sould have to be establLshed at addltlonal plants.
Sellars(1985) estimated that the total effluent volume from mlnor plants

in !Íaryland (<1 ngd) nas 25 ngd. Taking thls as an estímate of the
rrultfmater volu¡ne of rùastenater not subJect to phosphorus eff luent
llnlts, the ultfmate load reductions attrlbuted to the ban could amount

to L,2I (375 lbs/day:25 urgd G 1.8 ppn). Conslderatlon of phosphorus

attenuatlon in stream segments (lgnored in these calculatlons) would

further reduce this lmpact.

Because of the importance of other growth-llniting factors, changes

ln algal productivlty resultlng from the ban rrould be less than the
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Flgure 3.1
Historical Phosphorus and Nltrate Levels - Bay Segnent 1
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Percentage changes Ln phosphorus loadLng. Taklng the
chlorophyll/ptrosphorus responsê predlcted by the existLng Bay model

CL0ï,/4OÐ as an approxlmate estimate of sensftivlty, reductlons ln algal
productivlty attrLbuted to the ban would range from 0.3 to .0.81 for
effluent volumes ln the range of 25 to 71 ngd wlthout phosphorus liuríts,
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COI{CIJISIONS

(1) At lLver nonLtorÍng statlons with high uPstream effluent
densities (Patuxent, lfonocacy, Aritletam Rlvers).' mass-balance

calculatlons show that observed reductlons in stream

phosphorus loadings rurder low-flow condltlons followlng the

phosphate detergent ban were consistent with the average

observed reductlon tn effluent phosphorus concentrations at

l{aryland treatment plants without phosphorus effLuent linits
(95U confidence range for reductlon ln mean selfage effluent
concentr¿tion : L.4 - 2.2 PPn). Thls suggests that rrnder

condltLons of 1ow flow (less than mean annual flo¡r),
reductLons ln point-source phosphorus lead to equivalenü

reductions ln stream phosphorus loads 1n these rivers.
Linlted sanpllng frequency and hlgh variability preclude

direct assessment of polnt-source effeets under hlgh-flow
condLtlons. Estlmates of annual or seasonal loading changes

ettributed to the ban assr:ne that mass-balance relationships
observed under low flows hold over the entÍre range of fLows.

(2) Detalled evaluation of blological responses at rfver
monitoring stations Èo phosphorus reductions is infeasible
nith the existing data base. Soluble reactive phosphorus

concentratlons at river stations generally exceed aLgal

grosth-llnitlng levels and physlcal factors (velocity,
resldence tine, temPerature) are more lmPortant than nutrient
concentrations ln regulating algal productlvity. For this
reeson, algal grosth ls less of a problen and less sensltive
to nutrient levels in river segments, âS compared with
dorrnstream estuary and Bay segments, which provide a more

sultable habftat for algal groltth. This 1s illustrated by

data from a Patuxent River statlon (PXT0603) which was

monitored more lntensivel-y for nutrient and biologlcal
parameters than the other rfver stations studled. As a

conblned result of variatÍons 1n flow and the phosphate

detergent ban, sunmer-mean total phosphorus concentrations
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decreased from 875 ppb ln 1985 to 413 ppb in 1986, while

chlorophyll-a concentratlons remaÍned at very low levels (3.3

ppb fn 1985 and 3.6 ppb in 1986) .

(3) Based upon quarterly mass-balances for the }laryland portlon of
Chesapeake Bay, the ban could aêcount for phosphorus loadlng
reductions in the range of 2.4 to l1.LI fot the January 1986

to Septeurber 1987 perlod, assunlng no attenuation of point-
source loadings above the Fall Line and ignoring atmospheric

and botÈo¡n sedinent sources of phosphorus. 'These reductions

are attrlbutable to the 112 ngd sewage effluent volume lflthout
phosphorus llurits during thls period. Percentage reductíons

correspondlng to the 71 ngd effluent volune rviÈhout phosphorus

removal after 1987 range from 1.8 to l,Lf, These figures are

based upon mass balances developed over a period of relatively
low rr¡noff for all naJor Bay tributaries; percentage

reductLons attributed to the ban rrould be lo¡ver for perlods of
average or above-average runoff.

(4> Mass-balance calculatLons also indicate that as a combined

result of variations ln flow, non-point loadlngs, wastewater

treatment plant upgrades, and the phosphate detergent ban,

phosphorus loadlngs to the l{aryland portion of the Bay were

LLf lower in Sprlng 1986, as conpared rvith Sprlng L985.

Sr¡mner loadlngs were lower by 25L

(5) Consfstent wlth variations 1n loading, statistfcally
slgnlficant (p<.10) decreases ln seasonal mean phosphorus

(total, ortho, dlssolved) concentratLons lrere neasured at
several Bay and estuary stations bet¡veen L985 (pre-ban) and

1986 (post-ban). Spring total phosphorus concentrations trere

slgnificantly lower ax L0 statfons out of 37 rsith sufficient
data; su¡nmer concentratÍons ¡Íere lor¡er at 7 statlons out of
40.
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(6) In comparing 1985 vs. 1986 sprtng and sunmer conditions at Bay

and estuary statlons, slgnfffcant reductlons fn phosphorus

concentratÍon were observed simultaneously ¡vith slgnificant
reductions ln algal density (chlorophyll-a) in I comparison

out of 77. Further fnvestigatlon of data fron this statlon
(Choptank Rfver) lndicated that the aPParent reductions in
phosphorus and chlorophyll-a could be attrlbuted to varlatLons

ln streamflo¡y. The laek of detectable biologlcal resporxse to
reductlons 1n phosphorus at several Locations is eonsfstent

sith the spatlal and seasonal dlstributions of llnlting
nutrf.ents (nltrogen, phosphorus, sllica), with statlstlcal
difftcuttles associated rrith detecting small changes 1n algal
densities, and wlth results of model sfmulations condueted to

evaluate the sensitivity of al-gal prinary productlon to

changes in soluble nutrient concentrations as a firnction of
tlme and locatLon in the Bay.

(7> A maJor algal bloon occurred in Bay Segment 5 (nouth of
Petuxent to Vlrginia state line) durlng Spring L987, Thís

bloom rras sustaÍned for a perlod of approxlnately 2 months.

Peak aLgaL biomass (chlorophyll-a
siltca in Sprtng and by nltrogen later in Summer. In
conjunction rsith thls bloom, depletlon of dissolved oxygen

from bottom waters occurred approxlnately one nonth earlier
than observed ln 1985 and 1986.

(8) Blooms also occurred 1n the Bay betrreen Annapolis and the

mouth of the Patuxent Rlver durlng Su¡nmers of 1984, 1985, 1986

and 1997. They nere generally acconpanLed by rapid increases

in ortho phosphorus and an¡nonia concentrations, apparently

caused by upwelling of nutrlent-rich botto¡n Ìraters, but peak

blomass levels \ùere controlled by nltrogen.
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(9) Data evaluated 1n thls study suggest thet no lmprovement in
Bay condltions occurred over the L984-L987 time period wLth

respect to algal productlvlty or compliance with management

goals, despite.reductlons ln phosphorus loadlngs attributed to
the phosphate detergent ban, improved sasüenater treatment,
and other factors. The frequencles of observed chlorophyll-a
val-ues exceedlng the 15 ppb management goal were L9.8% in
1984-1985 and 2L,67. ln 1986-1987. The tining, rate, and

maximr¡¡u vertlcal extent of oxygen depletion in 1986-1987 rrere

at least as severe as those measured 1n previous years, if not
more so, partlcularly in southern porËlons of the Bay.

(10) Desplte significant reductions ln phosphorus loadlngs to the

Upper Bay achLeved since the 1970's, nftrogen remalns the

prinary liniÈlng nutrlent durlng Sum¡ner bel-ov Annapolls.
Slllca llnits peak dlaton populatlons durlng Sprfng beLo¡v the

. Patuxent Rlver. Under these condltlons, the productlvlty of
the Bay and resulting depletion of dlssolved oxygen from

bottom waters are very insensitive to small changes ín
phosphorus loadlngs attributed to the detergent ban. Benefits
of phosphorus controls are partlally offset by displacement of
nitrogen, sllica, and productfvity to loner regions of the

B"y, where most of the renaining vlable shellfish beds are

located.

(11) Additlonal focus on nltrogen loadings fs requlred 1f
slgnfficant reductlons in productlvity ¿nd oxygen depletíon
are to be reallzed. Nutrient balance computations indicate
that l{aryland polnt sources account for only L4f of the total
nitrogen loadlng to the lfaryland portion of the Bay. This

suggests the relatÍve lmportance of addressing nonpoint
nitrogen loadings.
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(12) Nltrogen loadings calculated from point-source inventories and

recent fntensive nonítoring at Fal1 Llne stations índicate

that previous studles (USEPA,1983; Flsher eË al.,1988) nay

r:nderestimate Èotal nitrogen loadLngs to the Bay by as nuch as

502. Prevlous estimates tÍere based upon satershed nodeling

and do not reflect lncreasing trends ln nonpoinË nitrogen

loadings, partlcularly from the Susquehanna RÍver. The

sfgnfficance of acid rain and other nonpoint sources of
nltrogen nay be considerably greater than stated in a recent

report by the Envlronmental Defense Fund (Fisher et â1.,

1988).

(13) The inportance of controlling nitrogen, as well as phosphorus,

ln order to reduce Bay productfvlty ls reflected ln the Draft
Bay Agreement, shich calls for a 40T reductlon in both N and P

loadLngs below 1985 levels (USEPA,1987). For a 25-7L ngd

range of effluent volu¡nes that nay not be subJect to
, phosphorus effluent linlts ln the future, reductions in

phosphorus loadlng to the }laryland Portion of the Bay

attributed to the ban would amount to L.2-3.37" of the 1985

loadíng. Because of the importance of growth-liniting factors
other than phosphorus, corresPondlng percentage reductions ín

algal productivlty would be lorrer (perhaps in the range of .3

to ,87., based upon lnterpolatlon of USEPA (f987) nodel

results) .

(14) The full range of costs and beneflts must be eonsidered 1n

evaluatLng the phosphate detergent ban and in comparing it
rrith alternative strategies for achieving the same management

obJectives. Consldering the small changes in phosphorus

loading resulting from the ban and the importance of liniting
nutrients other than phosphorus, it 1s clear that the ban in
ltself contributes llttle to the cause of restorlng the Bay.
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ó091 0

?7738

30917

18032

19032

7850

1 ót90
50720

65120

29510

22680

57630

90980

28200

1ó010

18010

6618

31420

43.'.t 285.8
140.0 424.2

379.1 1029.8

191.2 407.0
325.4 ó58.3
468.5 843.1

429.3 843.2
200.4 657.5

141.2 262.1

62.8 371 .6
30.2 343.3
17.5 182.8

22.3 . 155.7

25.4 225.5

39.1 30ó.1

51 .3 173 .7
155.3 53ó.1

73.9 203.9
65.0 167.4

55.5 238.4
30.5 193.6

14.9 134.5

24.5 104.5

95.3 211.4
113.ó 1ó3.0

59.2 276.1

103 .2 214 .9
155.9 218.4
290.5 379.5
197 .9 294.3
102.0 328 -9

46.7 153.8

19.5 116.4

12.1 102.3

15.5 121.5

10.3 65.2

1',1.7 80.4
30.4 248.0

225.0 335.0
338.0 421.0

254.0 285.0
256.0 3óó.0
139.0 477.0
108.0 314.0
39.0 216.0
17.0 't80.0

6.3 88.0
9.4 131.3

4925 12',t70

990ó 33128

26É.45 119505

10461 32070

39457 156203

34429 91573

47860 180093

19925 90770

5133 5888ó

óó41 45747

11346 40542

3257 13103

3179 11341

498ó 20421

1191',t 67265

7216 37258

20864 58144

13033 69514

fi4n $ú2
9Æ6 34159

7575 21ó81

3719 14570

2825 10712

1755 12554

3365 17926

42029 95ó03

16696 70988

5500 37764

25196 92251

25236 1273Ít6

11881 73222

6841 34n9
2856 33909

1885 20031

1452 20621

963 8888

1034 17716

3705 54703

12000 77980

111ó0 41429

12680 35899

1ó180 74432

45580 137176

15300 439¿2

5387 21652

1434 22641

1089 7801

T3t+1 38902

0.49 0.3ó
0.96 0.91
2"66 3.52
1 .04 0.95
3.ó8 4.31

3.43 2.70
4-62 5-14
1.99 2.67
0.52 1.ó8
0.6ó 1.35

1.13 1.19
0.31 0.37
0.32 0.33

0.48 0.58
1.19 1.98
0.72 1.10

1.88 1.55

1 "30 2.05
1.11 1.82
0.97 1.02
0.73 0.70
0.37 0.13
0.28 0.32
0.17 0.3ó
0 .34 0.53

4.06 2.73
'1.67 2.09
0. 55 1 .11

2.30 2.46
2.52 3.75
1 .15 2.09
0.68 1.02

0 .28 0 .97
0.19 0.59
0.14 0.ó1

0.09 0.25
0. 1 0 0.52
0.36 1 .56

1.20 2.30
1 .11 1 .22

1.14 0.96
1.61 2.19
1 .40 3 .91

1.53 1.29
0.52 0.62
0.14 0.67
0.'t1 0.23
0.71 1.11

0.29
0.93
3.89
0.89
4.6',1

2.38
5.39
2.98
2. 18

1.ó5

1.23
0.40
0.34
0. ó3

2.34
1.27
't.41

2.39
2.15
1 .04

0.70
0.46
0.33
0.45
0.61

2.19
2.30
1.36
2.54
4.32
2.51

1.18
1.27
0.n
0.81

0.32
0.71

2.09
?.78
1.26
0.87
2.45
3.75
't.20

0.6
0.77
0.28
1.29

0.44
1.38
3.87
1.95

3.11

4.78
4.24
2.04
1.39
0.64
0.31

0,17
0.23
0.25
0.40
0.52
1.43
0.75
o.&
0.57
0.30
0.15
0.25
0.94
1.16
0.58
1 .05

1.59
2.68
2.02
1.01

0.48
0.19
0.1?
0.16
0.10
0.12
0.30
2.30
3.45
2.34
?.61

1.37
1 .'t0
0.39
0.'t7
0 .0ó

0.09

0.95
1.36
3.41

1.35

2.04
2.79
2.70
2.18
0.84
1.23
'1.14

0.59
0.52
0.72
1 .01

0.58
1.ó0

0.ó8
0.5/'
0.79
0.62
0.45
0 .35

0.ó8
0.54
0.89
0.71

0.72
'l .14

0.97
1 .05

0.51

0.37
0.34
0.40
0"21

0.27
0.80
1.11

1.39
0.85
1.21

1.53

1.04

0.69
0.ó0
0.29
0.42



ÂPPH|DIT B

Rlver PhosphorusDiagnostíc Plots of Concentratíons

STATION LOCATION

TIME SERIES - JULY 1984 . MARCH 1987.........

LAT LOI¡G HYD.UNIT PAGE

ANAOOS2 ANACOSTIA R. AT BR¡DGE ON BLADE}¡SBURG ROAD 38.941 76.943 2O7OO1O B-1

ANTOO44 ANTIETAM R. AT GAUGE 39.450 77"732 2O7OOO4 B-2
ANTOzO3 ANTIETAM R. AT BR¡DGE OI¡ POFFENBERGER ROAD 39.595 77"711 2O7OOO4 B-3
CHOOó2ó CHOPTANK R. AT RED BRIDGES NEAR SEI.¡ELL I,IILLS 38.997 75.7Íß 2OóOOO5 S-4
c0N0005 coNococHEAcu c. AT ERIDGE 0l¡ I'tD. RoUTE ó8 39.602 77.822 2070004 B-5
cE00009 GEoRGES C. 1 MILE I¡oRTH 0F ÌJESTERNPoRT 39,494 79.045 2070002 B-ó
GUNO125 GUNPOUDER FALLS AT BRIDGE ON CROMT.JELL BRIDGE ROAD 39.493 76"532 2OóOOO3 8.7
G|JN0115 GUNNS FALLS AT BRIDGE 0N EsSEx RoAD IN VILLA NovA 39.34676.736 20ó0003 B-8
M0N0020 MoNocAcy R. BRIDGE oril ltD. RoTJTE 28 39.244 77.441 2070009 B-9
M0N0155 MoNocAcy R. BRTDGE oil REELS !flLL RoAD 39.388 77"413 2070009 B-10
M0N02ó9 MoNoCACY R. BRTDGE ott BIGGS FORD ROAD 39.480 77.389 2070009 B-11
M0N0528 MoNoCACY R. BRIDGE 0¡¡ HD. RoUTE 7, BR¡DGEPORT 39.679 77.235 2070009 B-12
NBP0103 N. BR. PoToMAC rJ. ilooRES HOLLoi,' RD. AtrD RoUTE 51 39.583 78.817 2070002 B-13
NPAO1ó5 NORTH BRANCH PATAPSCO RIVER ROUTE 91 39.500 76.883 2OóOOO3 8.14
PA1017ó PATAPSCo R. AT I¡ASHINGToN BLVD.(U.S. RT 1' 39.218 76.707 20ó0003 B-15
POT11B4 POTOMAC R. AT GAGE ABOVE LITTLE FALLS DAI.I 38.933 77.119 2O7OOO8 B-1ó
POT1471 POTOMAC R. AT EASTERN TERI.IINUS OF I.IHITES FERRY 39.155 77.519 2O7OO1O 8.17
P0T1830 PoToMAC R. BELo!' BRIDGE 0N MD. RCr,JfE 34 39.436 77.802 2070004 B-18
Pol238ó PoToMAC R. BELoTJ BRIDGE 0N US. RT. 522 tN HANCOCK 39.697 78.178 2070004 B-19
PXTOóo3 PATUXENT R. AT BRIDGE ON U.S. RT. 50 38.955 76.694 2060006 B-20
PXTO972 PATUXENT R. AT BRIDGE ON MD. 97 NEAR UNITY GAGE 39.23877.057 2OóOOOó B-21
SUSO1O9 LOI,JER SUSOUEHANNA AT CONO DAI'I STATION 39.575 76.109 2050306 8.22

TIr'rE SERTES - 1980 - 1987.........

ANTO2O3 ANTIETAM R. AT BRIDGE ON POFFENBERGER ROAD

MONOOzO MONOCACY R. BRIDGE OI,I MD. ROTJTE 28

POT1471 POTOMAC R. AT EASTERII TERMINUS OF TIH¡TES FERRY

PXTOóo3 PATUXENT R. AT BRIDGE OI¡ U.S. RT. 50

39.595 n.7',t1 2070004 B-23

39.244 77.111 2070009 B-24

39.155 n.519 2070010 B-25

38.955 76.694 206000ó 8-26
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û-1

ANACOSTIA R. AT BRIDGE ON BLADENSBURG ROAD
ANAOOS2 - TOTAL PHOSPHoRUS (PPB)

2.5

2.4

2.3

2,2

2.1

2.O

1.9

f..8

1,7

1.6
0,6 0.8 l.o 1.2

LOG RUNOFF, IN,/YR
PRE-BAN + POST-BAN
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AN

2.4

2,3

at

2.1

2.o

1.9

1,8

1,7

1.6

ACOSTIA R. AT BRIDGE ON BLADENSBURG ROAD
ANAOO82 - TOrAL PHOSPHORUS (PP8)

85.6 86

TI ME
3_SAMPLE MEAN

+tr-+l cl +

44,4 84.A

OBSERVED

45.2 86.4 86.8
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3.O

2,9

2.8

2.6

2.5

2.4

2.3

t.)

2-1

3.O

,o

2,4

2,7

2,6

2.5

2.4

2,3

aa

2.1

o.8

tr

B-2

ANTIETAM R. AT GAUGE
ANTOO44 - TOTAL PHOSPHORUS (PPB)

1.0 1.2 1.4

LOG RU.NOFF, IN,/YR
PRE-BAN + POST-BAN

ANTTETAM R. AT GAUGE
ANTOO44 - TOTAL PHOSPHORUS (PPB)

85.2 a5.4 85.6 85.8 86 A6,2 46.4 86.6 86.4

TIME
I] OBSERVED s-SAMPLE MIAN
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B-3

ANTIETAM R. AT BRIDGE ON POFFENBERGER ROAD
ANTOzOS - TOTAL PHOSPHORUS (PPB)

5.1

5.O

2,9

2.A

2.7

2,6

2.5

2,4

2,3

aa

0.6 0,8 1.0 1,2 1.4 1.6

LOG RUNOFF, IN,/YR
C PRE-BAN + POST-BAN

ANTIETAM R. AT BRIDGE ON POFFENBERGER ROAD
ANTO2O5 - TOTAL PHOSPHORUS (PPB)

3.1

3.O

2.9

2.A

2.7

2.6

2,5

2.4

2.5

8 4.8 A5.2

C OBSERVED

45.6 86 86.4

TIME
3-SAMPLE MEAN

ta

8 4,4 86.8 a7.2
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B-4

CHOPTANK R. AT RED BRIDGES NEAR SEWELL MILLS
cHoo626 - TOTAL PHOSPHORUS (PPB)

2.7

2.6

2.5

UA

2,3

2.2

2.1

2,O

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.O

o.2 0.6 1 .O 1.4

LOG RUNOFF' IN,/YR
O PRE-BAN + POST-BAN

CHOPTANK R. AT RED BRIDGES NEAR SEWELL MILLS
cHoo626 - TOTAL PHOSPHORUS (PPB)

21

2.6

?.4

2.2

2.1

2.O

1.9

1.8

1.7

1.6

1.5

't.4

1.5

1.2

1.1

'I .O

86

TIME
3-SAMPLE MEAN

+trtrE tr E¡

tr+tl+ +E tr
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EÚ + tr
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+++tr
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o+++l+
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B-5

CONOCOCHEAGUE C. AT BRIDGE ON MD. ROUTE 68
coNooos - ToTAL PHoSPHoRUS (PPB)

2,6

2.4

a7

aa

2,1

2,O

1.9

o.3 0.5 0.7 0.9 1.1 1,5 1.5 1.7 1.9

LqG RUNOFF, IN,/YR
tr PRE-BAN. + POST-BAN

CONOCOCHEAGUE C. AT B.RIDGE ON MD. ROUTE 68
coNooos - ToTAL PHOSPHORUS (PPB)

2,6

2.5

2,4

2.3

2,2

2,1

2,O

1.9

85.6 a6 86.4

TIM E
s-SAMPLE MEAN

84.8 A5,2

tr OBSERVED

84.4 46.8 a7.2
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2.6

2.5

2.4

2.3

,t

2.1

2.O

1,9

1.8

't.7

1.6

't.5

1.4

B-6

GEORGES C. 1 MILE NORTH OF WESTERNPORT
cEoooog - TorAL PHoSPHORUS (PPB)

-a.2 0.2 0.6 1 ,O 1'4

LOG RUNOFF, IN/YR
PRE-BAN + POST-BÀN

GEORGES C. 1 MILE NORTH OF WESTERNPORT
cEooo0g - TorAL PHOSPHoRUS (FPB)

z.
o
Ë
u,)-z
t¡J
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ô
O
oo
J

2.6

2,4

2.3

.)t

2.1

2,4

1.9

1.8

1.7

1.6

1.5

't -4
84.8 85.2

E OESERVED

85.6

ÏIME

8 6 46,4

5_SAMPLE MEAN

LOW

I.l+ tÌl+EI

.l
:L "

I

I
I

44,4 86.8 47.2



B-7

GUNPOWDER FALLS AT CROMWELL BRIDGE ROAD
GUNO125 - TOTAL PHOSPHORUS (PPB)

z
Õ
tr
&
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l¡loz
o
c)

o
o
J

2,3

2,2

2,1

2.o

1.9

1.8

1.7

1,6

1.5

1.4

2.3

2.2

2,1

2.O

r.9

1.8

1.7

1.6

1.5

1.4

o,7

ct

GUNPOWDER FALLS AT CROMWELL BRIDGE ROAD
GUNO125 _ TOTAL PHOSPHORUS. (PPB)

o.9 'l ,f 1.3

LOG RUNOFF, IN,/YR
PRE-BAN + POST-BAN

85.6 86 86.4

TIME
5-SAMPLE MEAN

o
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Ê.Þz
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o
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o
o
J

84.A a5.2

tr OBSERVED



B-8

GWYNNS FALLS AT ESSEX ROAD IN VILLA NOVA
owNol 1s - TorAL PHOSPHORUS (PPB)
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2.6

2.5

2,4

2.5

2,2

2.1

2.O

1,9

1.8

1,7

1.6

't.5

1,4
o.7 0.9 1.1 1.3 1,5 1.7

LOG RUNOFF, INIYR
tr PRE_BAN

85.2

+ POST-BAN

GWYNNS FALLS AT ESSEX ROAD IN VILLA NOVA

2.6

2.5

2.4

t<

2.2

2,1

z.o

1..9

1,8

1,7

1.6

1.5

1.4
a4.a 85.6 86 86.4

TIM E
3-SAMPLE MEAN

GWNOl 15 - TOTAL PHOSPHORUS (PPB)

84.4

E OESERVED

86.8



MONOCACY R. AT
MONOO20

B-9

BRIDGE OM MD. ROUTE 2A
_ TOTAL PHOSPHORUS (PPB)
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UJoz
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J

5.1

5.O

2,9

2,4

2,7

2,6

2.5

2,4

2.3

tt

2,1

2,O

1.9
o.5 o.7 0.9 1 .1 1 ,3

LOG RUNOFF, IN,/YR
PRE_8AN + POST-BAN

MONOCACY R. AT
MONOO20

BRIDGE OM
- TOTAL PHOSPHORUS

MD. ROUTE 2A
(PPB)
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3,1

3.O

2.9

2.4

2.7

2,6

2.4

2.3

t)

2.1

2,O

1.9
84.8

tl

85,2

OBSERVED

85.6 86 86,4

TIM E
s-SAMPLE MEAN

84.4 I6.8 a7.2



MONOCACY R. AT BRIDGE ON REELS MILL ROAD
MONO155 - TOTAL PHOSPHORUS (PPB)

B-10

0.9 1.1 1,3 1.5

LOG RU.NOFF, IN,/YR
+ POST-BAN
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ta

2,1

2,Q
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tr

o,7

PRE-8AN

MONOCACY R. AT BRIDGE ON REELS MILL ROAD
MoNolss - ToTAL PHOSPHORUS (PPB)

3,0

2.9

2.4

t'1

2.6

2.5

2.4

2.3

ua

2.1

2.O

.84.8 A5.2

tr OBSERVED

85.6 86 86.4

TI ME
5_SAMPLE MEAN

84.4 86,8 a7.2



B-11

MONOCACY R. AT BRIDGE ON BIGGS FORD ROAD
MONO269 - TOTAL PHOSPHORUS (PPB)

o
Þ
ut-z
I!
(Jz
oo
o
o
I

z
o
Þ
É,Ì-zU
(J
z
o
Q
o
o
J

3.O

2,9

2.A

2.7

2.6

2.5

2.4

2,3

2.2

2.1

2,Q

1.9

1.4

3.0

2.9

z-ó

2.6

2,5

2,4
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ta

2.1

2.O

1.9

1,8

0,5 0.7 0.9 1,1 1.3 1,5 1.7 1 .9 2,1

LOG RUNOFF, IN./YR
tr PRE-BAN + POST_BAN

MONOCACY R. AT BRIDGE ON BIGGS FORD ROAD
MONO269 - TOTAL PHOSPHORUS (PPB)

84.8 85.2

Ú OESERVED

45.6 86 80.4

TIME
3-SAMPLE MEAN

44,4 86.8
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B-L2

MONOCACY R. BRIDGE ON
MONO528 _ TOTAL

5.O

2.9

2,4

2.7

2,6

2,5

2.4

2.3

2,1

2.O

1,9

MD. ROUTE 7, BRIDGEPORT
PHOSPHORUS (PPB)

o,o o.4 0.8 1'2

LOG RUNOFF, IN,/YR
C] PRE-BAN + POST-BAN

MONOCACY R. BRIDGE
MONO528

3.O

2.9

2.4

2.7

2.6

2,3

2.4

2.3

,,

2.1

2.O

1.9

ON MD. ROUTE 7, BRIDGEPORT
_ TOTAL PHOSPHORUS (PPB)

84.8 85.2

CI OBSERVED

a5.6 86 46.4

TI ME
5-SAMPLE MEAN

44.4 I6.8 47.2



POTOMAC W. OF
NBPOl O5

B-l_3

MOORES HOLLOW RD. & RTE
- TOTAL PHOSPHORUS (PPB)

51
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N. BR.
2.5
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2.O

1.9
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2.5

2.4

2.3
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2,1

2.O

1.9
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POTOMAC W. OF
NBPOlOS

LOG RUNOFF, IN,/YR
PRE_BAN + POST_BAN

MOORES HOLLOW RD. & RTE
- TOTAL PHOSPHORUS (PPB)
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85.8 46.2

TIM E
3-SAMPLE MEAN

44.6
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B-l_4

NORTH B RANC H PATAPSCO RIVER AT RO UTE 91
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2.1

2.O

1.9
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1.7

1.6
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LOG RUNOFF, IN,/YR
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NORTH BRANCH PATAPSCO RIVER AT ROUTE 91
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84.8 45.2

tr OBSERVED
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TIME
5-SAMPLE MEAN

NPAO165 - TOTAL PHOSPHORUS (PPB)

tr++

++ Û+ tr

NPAOl65 - TOTAL PHOSPHORUS (PPB)

84.4 86.8 a7 .2



B-15

PATAPSCO R. AT WASHINGTON BLVD .(U.S. RT 1)
PATO176 - TOTAL PHOSPHORUS (PPB)
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LOG RUNOFF, IN./YR
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PATAPSCO R. AT WASHTNGTON BLVD .(U.S. RT 1)
PÂTo176 - TOTAL PHOSPHORUS (PPB)

2.6

2.5

2.4

2.3
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2,O

1.9

1,8

1.7

84.8 85.2

O OBSERVED

85.6 86 86.4

TIME
3_SAMPLE MEAN

44.4 86.8 47.2



B-16

POTOMAC R. AT GAGE ABOVE LITTLE FALLS DAM
POTr 184 - TOTAL PHOSPHORUS (FPB)
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LOG RUNOFF, IN/YR
PRE-BAN + POST-BAN

POTOMAC R. AT GAGE ABOVE LITTLE FALLS DAM
POT1184 - TOTAL PHOSPHORUS (PPB)
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B-L7

POTOMAC R. AT EASTERN TERMINUS OF WHITES FERRY
POT1471 - TOTAL PHOSPHORUS (PPB)
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2.1

2.O

1.9

1.8

1.7
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POTOMAC R. AT EASTERN TERMINUS OF WHITES FERRY
FOTI471 - TOTAL PHOSPHoRUS (PPB)
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POTOMAC R. BELOW
POfl 830 -

B.1B

BRIDGE ON MD. ROUTE 34
TOTAL PHOSPHORUS (PPB)
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POTOMAC R. BELOW
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RUNOFF, IN./YR
+ POST-BAN

BRIDGE ON MD. ROUTE 34
TOTAL PHOSPHORUs (PPB)
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1.5
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1.5

2.6

2,5
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2.O

1.9

1.8

1,7

r.6

1.5

1,4

1.3

B-19

POTOMAC R. BELOW US. RT. 522 IN HANCOCK
Por2386 - TOTAL PHOSPHORUS (PPB)

1.O 1.4 1.8

LOG RUNOFF, IN./YR
PRE-BAN + POST-BAN

POTOMAC R. BELOW US. RT. 522 IN HANCOCK
POT2386 - TOTAL PHOSPHORUS (PPB)
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85.6 86 86,4

TI ME
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B-20

PATUXENT R. BRIDGE AT U.S. RT.50

o.5 0.7 0.9 l.l 1.5 1.5 1,7 1.9

LOG RUNOFF, IN,/YR
O PRE-BAN + POST-BAN X ¡987

PATUXENT R. BRIDGE AT U.S. RT. 50
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TIME
5-SAMPLE MEAN

PXTO6O3 - TOTAL PHOSPHORUS (PPB)
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1.9

r.8

1.7

1,6

'I .5

1.4

1.3

B-.2L

PATUXENT R. AT MD.97 NEAR UNITY GAGE
PXTO972 - TOTAL PHOSPHORUS (PPB)

o.5 0,7

LOG RUNOFF, IN,/YR
PRE-BAN + POST_BAN

PATUX ENT R. AT M D. 97 N EAR U N ITY GAGI
PXîA972 - TOÏAL PHOSPHORUS (PPB)
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B-22

LOWER SUSQUEHANNA RIVER AT CONO DAM STATION
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1,5
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1.0

o.2 0.6 1.O 1 .4 1 .8 2.2

LOG RUNOFF, IN,/YR
O PRE-BAN + POST-BAN

LOWER SUSQUEHANNA RIVER AT CONO DAM STATIOI"I
susolog - TorAL PHOSPHORUS (PP8)
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B-23

ANTIETAI'/ R. AT BRIDcE ON POFFENBERGER ROAD
ANTo2o5 _ ToTAL PHOSPHORUS (PPB)
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ANTIETAM R. AT BRIDGE ON POFFENBERGER ROAD
ANTOzOS _ TOTAL PHOSPHORUS (PPB)
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B-24

MONOCACY R. AT BRIDGE OM MD. ROUTE 28
MONOOzO - rOTAL PHOSPHORUS (PP8)

o"7 0.9 1 .1 1.5 1 .5

LOG RUNOFF, IN,/YR
PRE-BAN + POST-BAN

MONOCACY R. AT
MONOO2o -

BRIDGE OM MD. ROUTE 2A
TOTAL PHOSPHORUS (PPB)
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B-25-

POTOMAC R. AT EASTERN TERMINUS OF WHITES FERRY
POT1471 - TOTAL PHOSPHORUS (PPS)

5,0

2.9

2.4

2.7

2.6

",5-
2.4

2.3

2,2

2,1

2.O

1,9

1.8

1.7

1.6
0.5 0,7 0.9 1.1 1.3 1.5 1.7 1,9 2,1
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POTOMAC R. AT EASTERN TERMINUS OF WHITES FERRY
POT't471 - TOTAL PHOSPHORUS (PPB)
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PATUXENT R.
PXTO6Oõ

8-26-

BRIDGE AT U.S. RT.50
- TOTAL PHOSPHORUS (PPB)
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c-1

CHESAPEAKE BAY ESTUARY AND I'IAINSTEI,I DATA I'IEANS BY STATIO¡¡, YEAR, A}¡D SEASON DEPTH <= 3 METERS

ilAX
TOTAL P DIS.P ORT-P NO23-N NH34.N TKT{ SI CHL.A CHL-A SECCHI TEMP D.O.

STATION YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB I.IETERS DEG.C PPM

PAGE 1

COND SALlN
UHOS PPT

cB1 .1
cBl .1
cB1 .1

cB1 .1
cB1 .1
cB1 .1
cB1 .1
cB1 .1

cB1 .1
cB1 .1
cB1 .1
cB1 .1
cB1 .1

cB1 .1
cB1 .1
cB1 .1
cB1 .1

cBl .1

1984 3suM
1984 4FAL
1984 YEAR

1985 lrJrN
1985 2sPR
1985 3suM
1985 4FAL
1985 YEAR

1986 1r.,tN
198ó zsPR
1986 3suM
1986 4FAL
198ó YEAR

1987 1r,¡tN
1987 zsPR
1987 3sur'l
1987 YEAR

ALL ALL

1303 9.',1

98ó 6.4
1144 7.8

1845 1ó.0
932 9.4
602 10.5

1473 2.9
1043 9.4

1855
1280 10.5
617 9.9

1548 6.4
1182 9.2

1717 2.0
1280 13.5
1300 9.7
1403 9.7

1175 9.2

25.5 6.7
13.6 9.1
19.6 7.9

6.8 13.3
18.4 B.1
25.9 7.2
13.3 9.3
18.5 8.3

5.8 12.0
19. 0 8.7
25.1 7.1
12.4 10.2
18.1 8.8

4.7 12.8
16.7 9.7
27.4 6.7
14.5 10.2

17.7 8.9

100 0.0
210 0.0
325 0.0
232 0.0
241 0.0

128
17 10
149
33 11

?3 10
235
21 16
24 10

21 8
96
10 4
127
11 6

139
135
95
126
167

438
437
838
265
650
ó50
441

18 50

247
641
633
438
18 38

331
653
235

11 t'4

1284
1279
1281

1 045
852
702

1 091
876

1490
'1037

852
1068
1032

1740
1022
920

1199

1051

0.88
1.23
1 .03

0.35
0.88
1 .10
0.90
0.90

283 0.0
325 0.0
304 0.0

25 234
45 346
35 290

92 329
105 237

21
45
62 274

1 005
190
296
259
331

221
222
309
236

278

14
13
14

3'.!
19
21

4
31

69
46 400
16 435
4'.t 373
37 408

50 ?60
49 432
61 3ó0
51 372

0.45
19 0.77
15 1 .08
12 1.00
19 0.88

4 1.53
37 0.72
12 1 .10
37 1.01

37 0.93

0.3
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.01355

cBz. 1

cBz. 1

cBz. 1

cB2. I
cB2. 1

cBz. 1

cBz. 1

cBz. 1

c82.1
cBz. 1

cBz. 1

c82.1
c82.1

cBz. 1

c82.1
cBz. 1

cBz. 1

cB2. 1

1984 3suM
1984 4tAL
1984 YEAR

1985 1r.lrN
1985 zsPR
1985 3sur,l
'1985 lFAL
1985 YEAR

198ó lt.lrN
198ó zsPR
198ó 3SUM

198ó 4FAL
198ó YEAR

1987 lrJrN
1987 zSPR
1987 3SUM

1987 YEAR

ALL ALL

9 1460
9 1007
7 516
9 998
I 892

1625 14.8
904 11.0

12óÁ 12.9

1ó00 21.5
858 12.5
702 11.7

1230 5.6
978 11.7

1820 2.1
1110 11.'l
612 18.ó

1288 7.1
1072 12.7

18ó3 5.1
1 108 17.9
1070 5.4
1307 12.1

1119 ',12.3

27
15
27

25
19
18
14
25

67 210
67 326
67 2æ

42 318
61 247
57
62
57 282

1762011
4431710
8 ó0 18 10

290429
5&187
6863415
4 46 20 ',l5

17 71 27 12

3
22
41

18
11

11

29
7

29

41

1 005
1047
1026

1000
790
324
901
676

0.7
?"0
1.3

0.35 7.3 13.2 100 0.0
0.40 18.6 8.ó 573 0.1
0.48 25.5 6.7 3141 1.4
0.ó8 13.0 9.9 3211 1.5
0.49 18.1 8.5 2044 0.9

0.45 7.3 11.6 966 0.3
0.42 18.7 9.3 176 0.0
0.50 24.4 8.0 798 0.2
0.ó3 11.7 10.3 1568 0.7
0.19 17.8 9.4 781 0.2

0.7
0.1
0.0
0.3

0.44 24.5 7.3 1625
0.90 13.0 9.5 4133
0-67 18.7 8.4 2879

1.00 4.2 12.8 1821
0.45 17.4 9.6 757
1.00 27.2 7.0 128
0.70 15.ó 10.0 9BB

0.56 17.7 9.1 1532 0.ó

258
665
663
458

18 62

341
671
240

11 57

54 63

21

11

19
14
15

11

11

17
12

19

7 1620
6 921
14 548
I 1044

5?
34 550
27 590
12 443
35 534

42 377
49 573
145 155
64 498

10 53 433

cB?.2
c82.2
c82.2

c82.2
c82.2
c82.2
c82.2
c82.2

c82.2
c82.2
c82.2
c82.2
c82.2

c82.2
c82.2
c8?.2
c82.2

c82.2

't984 3sur'l
1984 4FAL
1984 YEAR

1985 1r.,rN

1985 zsPR
1985 3suM
1985 4FAL
1985 YEAR

198ó lutN
198ó 2SPR

198ó 3suM
198ó 4FAL
198ó YEAR

19.87 lLJIN
1987 zsPR
1987 3sul.l
1987 YEAR

ALL ALL

12 1020
1? 757
19 310
18 794
16 616

10 '1377
14 951
19 373
't1 770
15 798

9 1345
9 897
19 179
11 9t3

1 590
8ó1

1299

1ó58 9.3
898 9.0
1180 ó.5
1314 3.3
1169 6-9

2085 2.6
1 10ó 9.4
827 7.6

1178 5.8
1187 7.0

't780 22.9
109't 10.0
1355 7.9
1327 13.1

1227 8.4

ó0 286
109 365
80 318

76 337
76 281
39
95
ó8 303

9 959
14 783
11 888

653
418

10 51

2 119
655
663
153

18 64

19
21

20

56
22
33
32
32

18
18
27
20
2'.1

71
63 700
33 5?3
80 495
59 543

57 565
55 181
óB 515
58 516

374
667
ó58
457

19 ó3

356
ó58
247

11 56

58 60

13
14
21
15

23

14
17
17

13
18
9
5

1B

5

26
9

10
26

62
20

9
62

62

7.5
9.0
8.1

0.58 24.8 6.9 3454- 1.7
0.95 13.4 9.2 9298 5.0
0.73 ?0.2 7 .B 5792 3.0

0.35 7.2 12.6 1075 0.3
0.50 17.6 8.1 2135 1.0
0.ó8 25.2 6.6 9163 1.9
0.90 13.5 9.1 8265 4./*
0.ó3 18.0 8.1 5822 3.0

0.33 3.7 12.4 1245 0.1
0.10 18.3 8.7 1278 0.4
0.72 24.3 7 .1 ó4BB 3.3
0.63 12.7 9.7 6132 3.3
0.53 16.7 9.1 1003 1.9

0.73 1.1 1?.7 7780 1.1
0.52 16,6 9.5 1718 0.6
0 .85 26 .7 6 .1 5852 2.9
0.61 14.1 10.1 4413 2.2

0.62 17.2 B.B 1951 2.514 65 411



c-2

CHESAPEAKE BAY ESTUARY AND MAINSTEI.I DATA MEANS BY STATION, YEAR, AND SEASON DEPTH <= 3 METERS

llAx
PAGE 2

TOTÀL P DIS.P ORT.P NO23.N }¡H34-}I TKN SI CHL-A CHL.A SECCHI TEI'IP D.O. COND SALIN

STATIoN YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB Í.{ETERS DEG-C PPM UHOS PPT

cB3. 1

c83.1
c83.1

cB3. 1

cB3. 1

cB3. 1

c83.1
c83.1

cB3. 1

c83.1
cB3. 1

c83. 1

cB3. 1

c83.1
cB3. 1

cB3-1
cB3. 1

c83.1

1984 3SUr.l

1984 4FAL
1984 YEAR

1985 1t¡tN
1985 zsPR
1985 3sUM
1985 4FAL
1985 YEAR

1986 1r.¡rN

1986 zsPR
1986 3SUl,l

1986 4FAL
198ó YEAR

1987 lrJrl¡
1987 zSPR
1987 SSUM

1987 YEAR

ALL ALL

8 1015
11 ffi
17 176
20 583
15 515

1? 1239
13 787
18 238
17 ó00'15 675

24
19
21

21
18
29
28
25

475
439
857
279
554
673
449

17 62

462
666
656
455

20 ó0

470
651
256

12 58

22
17
27
24
22

15
15
18
15

21

13 853
13 561
13 707

9 1105
9 748
12 291
9 790

57 300 1655 17.0
104 314 905 8.1
80 307 1280 1?.6

80 337 1350 8.8
76 2ú 853 15.0
28

107
13ó8 18.9
1188 4.6

67 311 1172 13.2

'to? 1u4 4.2
62 710 1013 11.4
35 608 1',t18 8.9
89 473 1155 4.9
67 580 1239 7.9

53 806 1263 34.0
6 5ó8 1124 11.7
41 585 1500 13.4
57 ó50 1233 19.4

67 5'13 1224 12.6

58 0.69 24.1 ó.8 7158 3.9
12 1.45 13.4 8.9 13638 7.7
58 1.07 18.8 7.8 10398 5.8

11 0.35 6.7 12.3 4683 2.2
32 0.66 17.6 7.5 5620 2.8
56 0 .72 25 . 0 6 .5 15350 8.7
9 1.00 1/t.0 8.7 11778 8.1

56 0.72 18.1 7.7 11099 6.2

9 0.60 2.6 12.7 31ó8 1.4
38 0.48 17.6 8.5 5056 2.5
12 0.88 24.2 6.9 12057 6.7
10 0.75 13.1 9.3 11029 6.1
38 0.67 15.7 9.0 7973 4.2

73 0.88 4.3'l?.8 12796 7"1
32 0"72 15.9 7.6 6874 3.6
16 0.90 26.6 6.3 11167 6.1
T3 0.80 13.8 9.1 9561 5.2

T3 0.77 16.4 8.5 9581 5.213

c83.2 1984 3SUM

c83.2 1984 4FAL
c83.2 1984 YEAR

cs3.2 1985 lûJIN
c83.2 1985 zSPR
c83.2 1985 3SUil
c83.2 1985 4FAL
c83.2 1985 YEAR

c83.2 198ó 1r.ilN
cs3.2 198ó 2sPR
c83.2 198ó 3sUM
c85.2 198ó 4FAL
c83.2 198ó YEAR

c83.2 1987 It.lIN
c83.2 1987 2SPR

cB3-2 1987 3SUM

c83.? 1987 YEAR

C83.2 ALL ALL

71 265 1529 7.8
87 315 85ó 11 "077 285 1260 9.1

6 323 994 14.7
ó0 328 759 29.7
55 1446 6.4
92 973 4.9
# 325 1075 13.9

1051 109 1583 4.3
658 72 ó15 872 18.1
105 37 572'1348 8.0
493 8ó 425 1141 5.1
538 72 530 1211 9.7

955 74 653 1095 ?3.2
576 66 

'99 
1046 6.4

45 65 535 1645 10.ó
611 69 606 1162 12.7

515 70 4& 11ó8 1',! .5

't7 1 .05 24 "5 6.5 9711 5.3
23 1.44 13"7 9 "1 18015 10"4
23 1.21 20.2 7.5 13033 7.4

22 0.ó3 4.6 13.3 14089 8.0
94 0.98 17 "2 7.9 9900 5.4
14 0.85 24.9 6.5 19350 11.3
7 1.?5 14.4 B.B 19873 11.7

94 0.94 17.0 8.3 15964 9.2

9 0.78 2.9 12.1 9535 5.1
68 0.70 17.1 8.5 9483 5.',1

't1 1.18 24.2 7.1 1ó383 9.4
9 1.ZO 13.4 9.0 15136 B.ó

ó8 0.93 15.6 8.9 12691 7.1

46 't.30 4.3 12.4 15515 8.9
9 1.02 1ó.0 9.1 11451 6.3
17 1 .ó0 26.3 7 .1 15928 9.1
46 1.21 13.8 9.9 13562 7.6

94 1.04 16.4 8.7 13905 7.9

?2
17
20

21
22
27
30
25

23
'12

20
?7
20

13
14
1ó
14

20

647
43?

10 41

369
5 6'.1

660
147
18 59

454
648
646
451

20 49

450
610
219't2 45

11 692
10 403
11 576

778¡-
8 510

16 89
15 400
12 391

9
I

14
22
13

7
7
I
7

11

cB3.3c 1984 3SUM

cB3.3c 1984 4FAL
cB3.3c 1984 YEAR

cB3.3c 1985 1t¡tN
cB3.3c 1985 zsPR
cB3.3c 1985 3suM
cB3.3C 1985 4FAL
cB3.3c 1985 YEAR

cB3.3c 198ó 1r¡rN
cB3.3c 198ó zSPR
cB3.3c 198ó 3sur,|
cB3.3c 198ó 4FAL
cB3.5c 1986 YEAR

cB3.3c 1987 1r.¡tN

cB3.3c 1987 2sPR
cB3.3c 1987 3suM
cB3.3c 1987 YEAR

CB3.3C ALL ALL

6 304 133? 20.5
109 365 927 13.7
83 328 1170 17.8

43 2æ 743 10.3
44 215 500 23.3
?7 1361 12.6
95 781 't3.8
t9 258 863 15.6

91 ',t291 5.7
57 720 686 18.7
18 857 1404 21.3
78 473 938 8.2
56 706 1073 15.7

62 514 910 12.2
60 571 736 '12.3
58 508 1643 22.5
ó0 511 945 14.0

59 489 996 15.7

33 0.99 21.5 7 .5 13522 7.7
29 1.88 14.2 9.6 19679 11.5
33 1.35 20.4 8.3 15985 9.2

12 1.83 3.6 14.2 18792 11.0
54 1.28 ',t7.2 10.0 15854 9.1
22 0.98 25.6 7.1 22339 13.3
30 1.55 15.3 10.2 22833 13.6
54 ',t.36 16.6 9.8 19783 11.6

8 1.13 3.7 12.1 14734 8.4
29 1.07 18.1 10.0 13107 7.3
37 0.90 25.1 8.9 20117 1 1 .B
12 1.75 13.9 9.3 21800 12.9
37 1 .18 16.ó 10.0 17?71 10.0

17 1 .53 5 -0 12.1 ',19358 11 .3
28 1.17 16.8 LB 11538 8.3
25 1.20 27.1 9.5 17115 9.9
28 1-29 11.6 10.1 16571 9.6

54 1.29 1ó.8 9.7 17710 10.3

ó50
410

10 16

448
651
666
136

20 52

437
635
661
148

20 46

434
641
269

12 43

17
20
18

15
39
29
17
27

11

11

20
22
16

7 319
11 378
9 343

6 633
5 352
10 46
10 269
8 300

4 811
1 526
827

12 271
7 382

4 753
5 167

12 10
6 486

11
13
21
13

1947



c-3

CHESAPEAKE BAY ESTUARY AND MAINSTEM DATA MEANS BY STATION, YEAR, AND SEASON DEPTH <= 3 METERS PAGE

MAX

TOTAL P DIS-P ORT.P NO23-N NH34.}I TK}¡ SI CHL.A CHL-A SECCHT TEMP D.O. COND SALIN

STATION YEAR SEAS OBS PPB PPB PPS PPB PPB PPB PPS PPB PPB METERS DEG-C PPM UHOS PPT

cB3.3E 1984 3sutrt
cB3.3E 1984 4FAL
CB3.3E 1984 YEAR

cB3.3E 1985 1r,¡rN

cB3.3E 1985 zsPR
cB3.3E 1985 3SUr,l
cB3.3E 1985 4FAL
CB3.3E 1985 YEAR

cB3.3E 198ó lrjrN
cB3.3E 1986 2SPR

cB3.3E 1986 3SUr.r

cB3.3E 198ó 4FAL
CB3.3E 198ó YEAR

cB3.3E 1987 1r,rrN

cB3.3E 1987 2SPR

CB3.3E 1987 3SUl.l

CB3.3E 1987 YEAR

CB3.3E ALL ALL

542
433
938
3 125
637
666
443

19 61

12.9
13.1
13.0

T2 300 1342
89 ?89 870
80 295 1132

37 237 702
65 276 491
38 '1362
111 813
62 256 ú7

14 7 351
16 I 325't5 7 340

26 6 699
18 6 320
31843
26 12 294
25 8 287

13 6 786
74525

22 11 29
19 8 240
15 7 372

6 695
5 503
197
8 465

13
13
34
16

18

440
626
661
442

20 43

334
ó38
276

11 44

59 48

15
2?
22

10
43
27
21

43

7
25
67
12
67

15
34
43
43

67

1 .09 24.4 7 .3 12803 7 .2
1 .89 14.1 9.5 20532 12.1
1 -44 19.8 8.3 16238 9.4

5.1 13.9 18178 10.ó
't6.9 9.3 16391 9.4
25 -7 7.3 2?111 13.1
15.1 9.9 22075 13.2
17.4 9.3 19677 11.6

3.7 12.2 14842 8.5
18.1 9.8 13200 7.1
25.0 8.1 20281 11.9
't3.9 9 .4 22300 13.3
16.4 9.7 17473 10.1

8ó 1238
35 685 728
23 748 1424
57 450 870
46 ó38 1067

57 480 973
63 656 828
58 595 1615
60 597 't010

59 485 1002

10.0
19.6
1?.0
11 .3
13.9

5.7
15 .5
26.6
8.8

15.5

10.2
12.9
35.3
16.2

14.7

2.03
1.28
1 .05
1.48
1.37

I .00
1.23
0.90
1 .90
1.24

357

1 .73 5.3 12.4 19367 1 1 .3
1 .27 16.7 9 .1 1151'1 8.3
1.20 26.9 8.9 17518 10.2
1.38 15.4 10.0 16387 9.4

1-34 17.1 9.4 17792 10.4

c83.3u 1984 3SUM

cB3.3r.,t 1984 4FAL
CB3.3tJ 1984 YEAR

cB3.3H 1985 îr¡rN
cB3.3u 1985 2SPR

cB3.3Ll 1985 3SUM

cB3.3r,J 1985 4FAL
cB3.3r.J 1985 YEAR

cB3.3H 198ó 1!ilil
cB3.3u 198ó zSPR
cB3.3H 198ó 3SUlt
cB3.3tJ 198ó 4FAL
cB3.3r, 198ó YEAR

cB3.3r.J 1987 ll.ltN
cB3.3r.J '1987 2SPR

cB3.3l,J 1987 3sur,l
cBs.3L' 1987 YEAR

C83.3!I ALL ALL

16
13
16

13
45

112
37

112

9
25
54
16
54

13
29
52
52

112

123
146
133

31
46
70

10ó
&

110
3ó
23
93
58

89
84
T3
83

76

17 326
11 349
14 336

6 609
7 334

't1 56
12 356
9 294

5 824
3 197
16 34
15 300
10 381

6 780
6 542
16 17
8 511

10 372

20
19
?0

54
16
21

?5
26

19
7

26
24
18

11

14
33
16

21

547
433
941
362
649
661
447
19 54

444
ó31
671
150

20 50

331
645
286

11 19

59 50

374 1451
429 929
398 1219

312 617
267 571

'1467

1023
290 956

1258
710 762
837 1428
476 103ó
695 'l',l'.lá

500 1017
691 958
655 1735
632 1124

543 1082

1',t.6
8.9

10.4

12.0
19.5
29.2
15.ó
20.8

6.1
15.7
27.9
8.9

16.1

9.1
15.5
30.8
16.6

16.8

1 .0ó 24.5 6.3 12773 7.?
1.65 14.4 8.7 20742 12.2
1 .32 20. O 7 .4 16315 9 -1

1.63 5.? 12.3 19914 11.7
1.08 17.4 9.1 16628 9.6
0.95 25.7 6.5 21628 12.8
1.',t7 15.1 10.5 21592 12.8
1.15 17.6 9.0 19775 11.6

0.88 3.4 12.1 14866 8.5
0.92 18.? 9.3 12976 7 -2
0.78 25.3 9.1 19111 11.?
1.65 13.9 9.1 21875 13.0
1.03 1ó.5 9.8 16975 9.8

1.33 5.3 12.7 18433 10.7
1 .10 17 .1 9.3 13595 7 .7
1.00 26.9 8.0 18325 10.7
1.15 't5.7 10.0 15771 9.0

1-11 17.2 9.? 17552 10.2

cB4.1c 1981 3SUM

CB/+.1C 1984 IFAL
cB4.1c 1984 YEAR

cB4. 1c 1985 1r,¡r N

cB4.1c 1985 zSPR
cB4 . 'l c 1985 3SUM

CB/+.1C 1985 4FAL
CB/r.1C 1985 YEAR

cB4.1c 198ó 1t.J¡N

cB4.lc 198ó zSPR
cB4.1c 198ó 3suM
cB/r.1C 198ó 4FAL
cB4.1c 198ó YEAR

cB4.1c 1987 1r.rrN

c84.1c 1987 zSPR
cB4.1c 1987 3SUl,l
cB4.1c 1987 YEAR

CB4.1C ALL ALL

ó8 978
45 840 585
24 599 1?35
74 384 773
49 5ó8 89ó

33 458 69
36 56 558
43 185 1290
36 516 717

19
56
52

26
31
15
82
35

63716
4 3',t 12
10 35 15

13852
61819
6 15 15

43218
20 42 21

10
6

11

19
11

8.3
19.3
10. ó
ó.8

1't.1

5.9
11.1
12.8
6.4
9.6

8.1
17.2
8.3

12.7

11.4

1.',12
1.83
1.48
2.10
't.ó5

8 189
9 174
8 183

74æ
5 277
636
9 198
6 227

4 679
5 475
830
9 2?4
6 332

3 50ó
3 389
6 15
4 366

271 522
393 315

't118
566

323 648

3.5 11.8 17829 10.+
17.8 9.1 16201 9.3
25.1 8.2 22653 13.5
14.5 8.7 24725 11.9
16.5 9.3 20167 11 .9

321 1202 13.8
304 678 14.5
314 992 14.1

1.37 24.4 7.7 15567 9.0
2.13 15.3 9.5 24033 11.1
1 .67 20 .8 8.1 '18953 11 .1

.33 3,7 13.4 2',1352 1?.6

.83 16.8 9.8 19233 11.2

.38 25.7 7.0 24493 11.7

.85 15.8 B.B 25975 15.7

.80 16.7 9.3 22583 13.5

19
30
30

11

29
20
'14

29

7
?3
18
7

23

12
36
10
36

36

10
11

16
11

16

131
622
637
338
19 31

425
631
212
12 32

2.30 4.7 12.4 23312 14.0
1.77 1ó.5 10.1 18403 10.7
1.70 ?6.9 7.2 21125 12.7
1.93 14.3 10.4 20553 12.1

't.76 1ó.8 9.4 20825 12.36',! 281 43 449 797



c-4

CHESAPEAKE BAY ESTUARY AND MAINSTEM DATA I'IEANS BY STATION, YEAR, AND SEASON DEPTH <= 3 I'IETERS

MAX

TOTAL P DIS.P ORT-P NO23-il NH34-II TKI¡ SI CHL-A CHL.A SECCHI TEMP D.O. COND SALIN

STATION YEAR SEÀS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPS I4ETERS DEG.C PPI'.I UHOS PPT

PAGE 4

cB4.1E 1984 3SUtl
cB4.1E 198¿ 4tAL
CB4.1E 1984 YEAR

cB4.'lE 1985 lrJrN
cB4.1E 1985 zSPR
cB4.1E 1985 3SUil
cB4.1E 1985 4FAL
CB4.1E 1985 YEAR

cB4. 1E 198ó 1r,¡r N

cB4.1E 198ó zsPR
cB4.1E 198ó SSUl'l

cB4.1E 1986 4FAL
CB4.1E 1986 YEAR

cB4.1E ',1987 lHllt
cB4.1E 1987 2SPR

cB4.'lE 1987 3SUr.l

CB4.1E 1987 YEAR

CB4.1E ALL ALL

60 2U 1174 ',10.5

50 378 584 ',10.3

56 319 953 10.4

16 220 425 5.0
20 200 348 1t+.5
24 1073 8.ó
T7 473 7.4
34 208 626 9.6

53 875 7.0
3ó 705 523 9.5
22 570 1182 11.0
6 370 673 6.9
41 5?6 82',t 8.9

38 470 613 8.4
31 552 487 15.6
44 440 1175 9.3
35 509 &6 12.5

40 431 744 10.1

14 1 .56 24.5 7 .4 1 5385 8.8
18 2.42 14.8 9.3 2371'.t 14.2
18 1.88 20.9 8.1 18507 10.8

6 2.45 7 .6 10.7 20083 11 .B
25 1.ó0 17.5 10.0 19922 11.7
13 1.43 25.6 6.6 ?4783 14.9
15 1.75 15.3 9.1 2614? 15.9
25 1.67 18.ó 8.ó 22943 13.7

11 1.65 3.4 11.8 18477 10.8
15 1.97 17.7 8.9 17039 9.8
16 1 .56 24.9 7 .8 ?2928 13.7
12 2.40 14.3 9.3 25613 15.5
16 1.88 16.3 9.2 20808 12.3

15 2.40 4.8 12.4 23717 11"2
29 1.65 1ó.5 10.5 18845 11.0
11 1.60 26.5 7.0 22050 13.1
29 1.85 15.2 10.4 20756 12.3

29 1.81 17.5 9.1 21119 12.5

7 172
7 140
7 160

4 567
6 258
733
I 195
6 203

4 620
4 447
626
7 198
5 303

3 436
ó 360
43
5 316

6 254

18
12
16

45
10
30
14
22

13
7

13
16
12

536
322
831
236
629
661
428

18 40

430
620
636
435

20 30

323
633
240

11 31

33

9
12
14
11

15

cB4.1n 1984 3SUlr
CB¿+.ltl 1984 4FAL
cB4 . 1r.J 1984 YEAR

cB4.1r,,t 1985 1!'¡N
cB4.1r.r 1985 zSPR

cB4.'tL, 1985 3sUM
CB4,1LJ 1985 4FAL
CB4.1tJ 1985 YEAR

cs4.1r,¡ 198ó 1r,ilN
CB4.1LJ 198ó zSPR
c84.1\,,1 198ó Ssutl
cB4.1tJ 198ó 4FAL
CB4.1IJ 1986 YEAR

cB4.1r.J 1987 lrJrN
CB/+.1tJ 1987 2SPR

CB/+ . 1lJ 1987 3SUl.|

cB4.1t¡ 1987 YEAR

CB4.1L¡ ALL ALL

513
33?
839
2 171
643
661
437
18 62

438
625
674
443

20 46

324
64?
254

11 39

16
15
16

23
19
't9
17
19

15
9

?7
19
18

9
13
20
13

17

7 148
8 195
7 166

4 693
6 2Í16
941
9 307
8 255

4 699
5 460
12 25
7 193
7 324

9? 330 1383 16.7
62 277 726 9.5
81 310 1137 14.0

31 1 .15 24.1 7.1 15205 8.7
13 1"97 ',t4.9 9.5 22522 13.1
31 1.50 20.9 8.0 17949 10.5

57

4
4

10
5

7

613
417

12
397

294

23 244 603 9.8 11 ',t.65 7.8 11.7 17350 10.0
28 254 37¿ ',t7.5 29 1.44 17.3 10.2 19097 11.?
36 1323 14.4 27 1.07 25.8 ó.8 24100 14.5
70 838 10.ó 18 1.50 15.0 10.0 22975 13.7
39 250 818 14.1 29 1.34 18.ó 9.0 21132 12-7

69 1032 7.8 9 1.50 3.7 13.0 17219 10.0
31 713 ó03 9.2 12 1.38 18.5 9.3 15276 8.7
27 957 1359 45.1 157 1.02 25.3 9.1 21896 13.0
6 449 64 10.0 13 1.75 11.2 9.8 21358 11.6
44 747 928 19.9 157 ',t.39 16.7 10.1 19467 11.1

45 4',10 842 7.8 13 2.27 5.3 12.8 20967 12.4
46 ó48 73? 12.6 19 1-42 16.5 9.8 17337 10.0
52 463 15ó5 14.0 16 1.10 26.8 8.1 ?0217 11.9
47 549 913 11.5 19 1.59 15.3 10.3 18850 11.0

48 520 920 15.6 '157 1.43 17.6 9.5 19756 11.6

cB1.2c 1984 3suM
cB4.2c 1984 4FAL
c$4.2c 1984 YEAR

cB4.2c 1985 lrirN
cgl.2c 1985 zSPR
cB4.2C 1985 3SUr'l

cs1.2c 1985 4FAL
cB4.2c 1985 YEAR

cB4.?c 198ó 'l!,ilN
cB4.2c 198ó zSPR

cB1.2c 198ó 3SUM

CB4.2C 198ó /+FAL

cB4.?c 198ó YEAR

cB4.2c 1987 1r,JtN

cs4.2c 1987 zsPR
cs1.2c 1987 3sur.l
cB1.2c 1987 YEAR

CS4.2C ALL ALL

633
422
10 29

441
629
631
422

20 31

421
615
628
431

20 23

125
626
235
12 27

13
12
13

89
14
10
10
27

6
5

9
14
I
9
9

13
10

7 121
7 137
7 127

5 401
5 227
ó 15

7 198
6 192

3 615
3 430
527
4 ',168

I 316

4 485
4 318
5 ',12

4 323

54 289 1158 13.5
49 409 532 11.3
52 337 908 12.6

27 257 420 7.8
16 211 193 12.5

28 1.78 24.6 7.8 17011 9.8
17 2.39 15.1 9.9 21025 11.1
28 2.02 20.8 8.6 19817 11.7

14 ?.55 3.6 13.6 ?2825 13.6
23 1.82 17.0 10.5 21067 12.4
11 1.75 25.6 7.3 25267 15.3
ó 1.90 15.3 9.0 26667 16.2

23 1 .96 16.5 9 .7 23798 14.3

10 1.70 3.5 11.9 19075 11 .2
16 2.12 17,6 9.1 18208 10.ó
27 2.04 21.9 7.2 23553 14.1
11 2.55 14.6 9.5 26025 15.8
27 2.10 16.1 9.? 21518 12.8

11 1.95 4.6 12.4 23213 13.9
18 1.73 1ó.4 10.8 19272 11.3
7 1.85 26.5 6.9 22850 13.6

18 1.83 11.2 10.7 21182 12.5

28 't .99 16 .7 I .5 21924 13 . 0

17
76

æ7 7.5
461 3.6

30 237 494 8.5

43 860 7.7
25 730 305 7.3
24 173 1013 9.0
46 363 538 7.9
32 479 675 8.0

18 393 603 7.9
61 593 331 15.0
49 405 830 7.2
45 495 505 '11.3

37 408 621 9.6246



c-5

ónesnpenre BAy ESTUARv AND MAINsTEM DATA t{EANs By sTATIor¡, vEAR, AND sEAsoN DEpTH <= 3 METERs

MAX

TOTAL P DIS-P ORT.P NOz3-II NH34.il TK}I SI CHL-A CHL.A SECCH¡ TEMP D.O. COND SAL¡N

STATION YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB I'4ETERS DEG-C PPM UHOS PPT

PACE 5

cB4.2E 1984 3SUll
cB4.2E 1984 4FAL
CB4.2E, 1984 YEAR

cB4.2E 1985 1r,¡tN
cB4.2E 1985 zSPR
cB4.2E 1985 3SUr,l

cB4.2E 't985 4FAL
c84.2E 1985 YEAR

cB4.2E 198ó 1r,¡rN

cB4.2E 1986 zsPR
cB4.2E 198ó 3SUM

cB4.2E 198ó 4FAL
CB4.2E 1986 YEAR

c84.28 1987 1rJm
cB4.?E 1987 zSPR

cB4.2E 1987 3SUr,l

cg1.2E 1987 YEAR

CB4.2E ALL ALL

34 292 1082 12.0
47 435 488 11.2
39 346 859 11.7

24 200 366 5.3
?0 281 181 10.7
24 840 6.5
81 463 4.5
35 241 478 7.2

46 838 ó.8
27 755 305 7.3
32 433 963 7.8
57 338 543 5.4
38 455 657 7.0

29 380 ó53 7.9
28 56 302 15.2
67 445 ó85 7.8
35 493 467 11.8

37 408 590 8.6

20 1.35 21.7 8.1 16797 9.7
18 2.43 14.7 10.2 ?4033 14.4
20 1.76 21.0 8.9 19510 11 .5

8 2.77 4.7 13.4 ?2589 13.5
24 1.97 17.3 10.3 ?1?15 12.5
12 1.48 25.6 7.3 25461 15.4
10 1.95 15.6 8.9 ?7050 16.5
24 1 .94 17.6 9 .3 21001 11.1

10 1 .73 3 .7 11 .9 19267 1 1 .3
15 2.27 17.6 9.0 180/+4 10.5
23 2.14 24.9 7 .4 23719 14.2
8 2.93 14.5 9.1 26688 16.2

23 ?.31 '16.4 9.2 21720 1?.9

11 2.20 1.8 12.0 ?2867 '.13"6

20 1.73 1ó.5 10.5 19511 11.4
8 1.85 ?6.6 ó.8 ?3125 13.8

20 1.88 15.1 10.3 21085 12.5

24 2.03 17,2 9.1 22042 13.1

533157
323137
829147
361424
650225
649?66
428168

1941256
8
6

24
15
13

112
112
112

423
617
639
428

20 27

325
6?8
236

11 28

9
1',|

15
11

17

3
3
8
5

5

4
4
5

4

5

414
232

16
18ó
183

&0
429
25

1&
297

483
318

6
306

236

cB4.2tt 1984 3SUl.l

cB4.2v 1984 4FAL
cB4.?u 1984 YEAR

c84.Zu 1985 lr,¡rN
cB4.2u 1985 2SPR

cB4.?U 1985 3SUr,l

c84.2vt 1985 4FAL
CB4.zIJ 1985 YEAR

cB4.2r.t 198ó 1r.,rN

c84.2r.r 198ó 2sPR
c94.2v 198ó 3sul,l
c94.2t¿ 198ó 4FAL
CB4.zIJ 198ó YEAR

cB4.2t¿ 1987 1L/rN
cB4.2U 1987 2SPR

c$4.2u 1987 3sul,l
cB4.2t.l 1987 YEAR

CB4.2U ALL ALL

61 ?72 1142 19.4
69 384 552 11.2
& 314 920 16.3

29 207 461 ó.0
21 200 222 1?.9
37 1123 10.2
65 675 7.5
37 203 &O 9.8

42 900 8.2
21 985 329 10.8
39 582 ',t182 11 .8
38 413 523 13.?
34 593 738 11.0

15 473 700 8.5
41 548 460 14.8
ó0 535 1085 1ó.8
37 525 639 13.3

39 449 712 1 1.8

33 1.47 21.9 8.ó 16613 9.6
15 ?.43 14.4 9.5 ?3967 14.1
33 1.83 20.9 8.9 19371 11.1

8. 2.2ø 4.5 13.3 21500 12.7
27 1 .80 17 .2 10 .1 21'.139 12.5
?0 1.13 25.5 7.3 ?5117 15.2
14 1 .40 14.8 9 .6 25033 1 5. 1

27 1.r7'17.3 9-1 ?3272 13.9

12 1-83 3.7 11.9 18508 10.8
19 1 .80 17.9 9.3 17891 10.1
15 1.30 24.8 ó.8 23297 13.9
24 2.00 14.5 10.0 25363 15.3
24 1-71 16.4 9.2 21131 12.5

10 2.07 4.2 12.6 22233 1s.2
26 1.65 1ó.0 10.1 18324 10.7
18 1 .70 26 .4 7 .5 22650 13 .5
26 1.77 14.7 10.3 20177 11 .9

33 1.70 17.0 9.1 21408 12.7

98
122
107

458
230

26
?45
?05

688
393

15
'149

290

518
354

2
368

249

21 7
137
187
21 4
275
35 16
158
269
74
75

1'r 5

166
10 5

94
103
229
124
176

545
324
837
328
648
ó85
431

19 53

424
6?2
ó38
440

20 31

325
628
255

11 32

58 39

cB4.3c 1984 3SUr'l

cB4.3c 1984 4FAL
cB4.3c 1984 YEAR

cB4.3c '1985 1r,¡tlr
cB4.3C ',1985 zsPR
cB4.3c 1985 3SUl,l

cB4.3c 1985 4FAL
cB4.3c 1985 YEAR

cB4-3c 198ó lrJrN
cB4.3C 198ó 2SPR

cB4.3c '1986 3sur'r
CB/+-3C 1986 4FAL
CB/+.3C 198ó YEAR

c84.3c 1987 lHIN
cB4 .3c '1987 zsPR
cB4.3c 1987 3suM
cB4.3c 1987 YEAR

CB4.5C ALL ALL

51 271 1084 12.2
52 349 422 9.8
52 302 819 11.2

27 2U 331 9.5
22 245 178 12.9
28 736 5.5
75 475 4.6
35 ?67 435 8.3

42 761 6.7
62 720 270 8.0
22 102 892 5.7
44 349 528 8.1
42 437 606 7.1

19 376 63'1 7.6
22 567 170 17.6
42 485 510 6.5
?4 489 380 12.4

58 391 542 9.2

18 1.65 21.6 7.8 17911 10.4
17 2.53 15.0 10.0 24871 15.0
18 2.00 20.7 8.7 20695 12.2

15 2-38 3.2 13.8 23767 11.2
27 1.88 17.2 10.5 ?1688 12.9
9 1.7? 25.3 7.2 25817 15.6
8 1.90 15.2 8.9 ?6909 16.1

27 1.91 16.4 9.6 24386 11.7

9 1.78 3.5 13.0 19983 1 1 .B
't6 2.10 17.1 9.7 181ó0 10.ó
8 2.26 24.8 7 .4 23878 14.3

't1 2.35 14.5 10.0 25863 15.7
16 2.13 16.3 9.7 ?1781 12.9

9 2.08 4.3 1?-5 22488 13.1
26 1.72 16.4 11.2 20508 12.1
8 2.05 26.2 7.1 23650 14.2

26 1.89 14.0 11.0 21692 1?.9

27 2.00 16.6 9.8 22429 13.4

634
418

10 27

444
632
650
4 2',1

20 37

125
619
626
430

20 21

123
624
237

1? 26

62 29

14985
12790
13887
21 6 359
18 6 206
29 12 20
10 I 195
20 B '!78

4 606
1 101
621
3 158
5 280

3 502
5 270
63
4 305

10
B

10
13
10

9
10
16
10

14
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TOTAL P DIS-P ORT-P N025.}¡ NH34-}I TK}I S¡ CHL.A CHL-A SECCH¡ TEMP D.O. COND SALIN

STATIoN YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB I..IETERS DEG-C PPM UHOS PPT

cB4.3E 1984 SSUM

cB4.3E 1984 4FAL
CB4.3E 1984 YEAR

cB4-3E 1985 IIJIN
cB4.3E 1985 zsPR
cB4.3E 1985 SSUt'l

cB4.3E 1985 4FAL
CB4.3E 1985 YEAR

cB4.3E 198ó lr¿rN
cB4.3E 198ó zSPR
cB4.3E 198ó 3sutl
cB4.3E 198ó 4FAL
CB4.3E 198ó YEAR

cB4.3E 1987 lHI¡¡
c84.3E 1987 zsPR
cB4.3E 1987 SSUM

CB4.3E 1987 YEAR

CB4.3E ALL ALL

534
319
828
341
ó31
634
426

19 32

421
616
627
431

20 23

322
625
?37
11 27

13776
12772
13775
22 6 320
21 8 213
12 f1 18
16 6 140
17 I 153

83541
74397
12623
15 4 141
10 4 262

94416
10 5 229
18 13 13
11 6 241

13 6 '.19627

50 ?40 1028 10.4
41 370 281 11.0
46 289 748 10.ó

23 235 210 10.8
20 241 r54 13.5
s2 698 6.6
90 355 2.4
45 238 377 8.7

37 638 7.1
35 63 281 7.9
43 458 8?7 7.1
55 375 519 8.0
41 465 5& 7.5

23 430 560 7.3
18 ó10 122 19.6
83 385 310 8.1
31 520 275 14.2

41 406 473 9.6

'15 I .56 24 .7 7 .9 17787 ',10.3

19 2.10 14.6 10.4 25244 15.2
19 1.76 20.9 8.9 20583 12.2

13 2.37 4.4 13.5 24511 11.8
31 1.90 17.1 10.5 21892 13.0
11 1.75 25.3 7.0 26156 15.9
4 2"18 15.5 8.ó 28150 17.4

31 1.98 17.4 9.2 25038 15.1

9 ',t.43 3.ó11.8 20833 12.3
18 2.27 17.4 9.6 18897 11.0
9 2.08 24.8 7.4 24258 14.6
15 2.43 14.4 9.6 26750 16.3
18 2.07 16.2 9.4 22463 13.1

8 2.20 4.6 12.5 24200 14.5
25 1.77 16.9 11.2 21242 12.6
9 1 .80 26.1 6.9 24200 14.5

25 1.89 15.2 10.8 22586 13.5

31 1 .96 17 .O 9. 5 23071 13 . B

cB4.3H 1984 3sut'l
cB4.3Lr 1984 4FAL
c84.3!¡ 1984 YEAR

cB4.3H 1985 lr,rrN
cB4.3r.r 1985 zSPR

cB4.3Lr 1985 3sur,l
cB4.3t., 1985 4FAL
cB4.3tJ 1985 YEAR

cB4.3r.r 198ó lt.¡rN
cB4.3n 't98ó zSPR
cB/+.3t¿ 1986 3SUM

c84.3r., 198ó 4FAL
cB4.3r.J 198ó YEAR

cB4.3H 1987 1r,JIN

cB4.3r.i 1987 zSPR
cB4.3r,¡ 1987 3SUr,l

CB4.3I,I 1987 YEAR

CB4.3I.I ALL ALL

558
320
844
340
646
694
429

19 56

424
622
644
438

20 32

323
632
240

11 31

58 41

19789
12 7 114
16798
10 5 433
33 5 216
29 11 24
14 7 222
24 7 191

74653
85404
14821
15 4 149
11 5 288

69 269 fn 39.2 135 1.39 21.9 8.4 17285 10.0
54 365 463 8. ó 1 5 2 "50 14 .4 9 .9 ?4',183 14 .5
63 305 909 27.7 135 1.81 20.9 8.9 19872 11.7

23 213 403 6.3 1'l 2.00 4"6 13.5 22378 13.3
18 228 228 15"3 27 I .73 17.2 9.9 21171 12.7
42 988 3?.2 142 1.03 25.4 6.6 ?5521 15-1
62 5ó8 5.6 9 1.63 15.1 9.3 25942 15.7
36 221 567 17.2'142 1.53 17.4 9.1 23834 14.3

72 845 8.5 12 '.1.70 3.7 12.3 ',19158 11.2
15 8fO 277 10.7 19 1.87 17.8 9.ó 18268 10.ó
22 575 1070 12.8 29 1.44 21.8 6.8 23669 14-2
36 4oO 563 12.2 19 2.18 14.5 10.3 ?5788 15-6
33 55ó 6'36 11.2 29 1.78 16.4 9.5 21570 12-B

24 363 733 9 .1 1 1 1 .97 4 .2 12.7 21767 12.9
42 ó10 333 21.1 34 1.63 1ó.0 11.0 19373 11.4
43 450 765 8.1 10 1.70 26.1 ó.8 23350 11-0
37 514 521 15.5 34 1.74 14.6 10.7 20749 12.3

39 435 &6 1ó.3 142 1.69 17"0 9.5 21922 13-0

8
10
17
11

16

517
313

17
315

235

5

5

11

6

6

c84.1 1984 3SUll
c84.4 1984 4FAL
c84.4 '1984 YEAR

c84.4 1985 1r,¡rN

c84.4 1985 zSPR

c84.4 1985 3SUM

c84.4 1985 4FAL
c84.4 1985 YEAR

c84.4 198ó 1HIN
c84.4 198ó zSPR

c84.4 198ó 3SUr,l

c84.4 198ó 4FAL
c84.4 1986 YEAR

cB4 .4 1 987 1r,J I N

c84.4 1987 zSPR

c84.4 1987 3SUr,l

c84.4 1987 YEAR

C84.4 ALL ALL

44 285 1097 11.2
39 369 283 12.0
42 519 Tl1 1 1.5

26 277 ?39 9.3
19 290 130 17.0
12 518 7.5
62 319 1.6
27 283 306 10.3

15 770 6.4
25 850 201 10.1
13 512 7tß 12.3
36 423 470 9.6
28 541 515 9.9

13 414 504 7.4
23 ó59 169 21.2
17 330 365 7.5
18 523 313 14.3

28 435 160 11.2

14 1.67 ?4.9 8.0 18700 10.9
18 2.35 15.ó 10.0 25567 15.5
18 1 .94 21 .2 8 . I 21117 12 .7

11 2.05 5.5 1?.5 25017 15.1
33 2.02 17 .5 11 .0 21872 13.0
18 1.10 25.9 7.8 25867 15.7
7 1.90 1ó.0 9.4 28167 17.2

33 1 .82 17 .3 9 .9 24958 1 5. 1

8 1.88 1.0 12.3 19948 11.7
24 2.33 18.1 9.9 19907 11.7
18 1 .72 25 .' B. 1 24556 11 . B

11 2.'18 14.7 9.5 27200 16.6
24 2.04 1ó.8 9.8 22768 13.6

10 2.30 5.1 12.1 24546. 14-B
27 1.66 17.2 12.1 20708 1?.2
9 1.65 26.9 7.9 24300 14.6

27 1 .89 14 .8 1',t .7 22586 13 . 5

33 1.92 17.3 10.0 23226 13.9

15

13
14

66
17
18
13
26

10
6
9

14
9

9
10
13
10

16

636
420

10 29

429
629
640
4?5

20 31

421
616
629
133

20 25

422
626
?34

12 26

756
764
759
5 294
5 206
59
6 149
5 153

1 628
4 391
4 10
3 130
4 272

I 4'.t1
4 229
415
4 ?55

196
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TOTAL P DIS-P ORT.P NO23-I{ NH34.N TKI¡ S¡ CHL-A CHL.A SECCHI TEMP D.O. COND SALIN

STATION YEAR SEAS OSS PPB PPB PPB PPB PPB PPB PPB PPB PPB I.IETERS DEG.C PPM UHOS PPT

c85.1
c85.1
c85.1

c85.1
c85.1
c85.1
c85.1
c85.1

c85.1
c85.1
c85.1
cB5. 1

c85.1

c85.1
cB5. 1

cB5. 1

c85.1

c85.1

1984 3suü
1984 4FAL
1984 YEAR

1985 lr,rrN
1985 zsPR
1985 3sul.l
1985 4FAL
1985 YEAR

198ó 1r¡IN
198ó zsPR
198ó 5SUr,l

198ó 4FAL
198ó YEAR

1987 lr,rrN
1987 2sPR
1987 3SU1.l

1987 YEAR

ALL ALL

630
421

10 27

431
641
6 3'l
427

20 33

740
7&
750
5 247
5 180
58
6 112
5 128

5 558
3 362
413
595
4 243

4 391
5 159
920
5 213

42310
5166
6247
42713

19229
4228
6 26 11

23513
12 26 10

14
'12
13

50 351 1079 9.3
49 382 282 9.8
49 363 760 9.5

?0 226 209 '.12.5

17 309 126 12.7
465 5.8
205 4.8

24 261 26s 9.0

39 620 6.2
24 783 181 9.6
38 465 &8 8.3
61 390 448 5.9
39 495 462 7.8

21 3& 46 9.1
18 753 83 25.6
35 410 165 8.5
21 56 224 17.2

32 443 399 10.3

14 1.8ó 24.7 7.3 19467 11.1
14 2.20 15.7 10.0 25958 15.7
14 2.00 21.1 8.3 ?2063 13.1

18 2.20 5.6 12.5 ?5025 15.1
25 2.23 18.2 10.1 22878 13.6
9 1.42 26.2 7.4 2ó800 16.3
10 1.78 16.2 9.1 29492 18.1
25 1.89 17.7 9.4 25807 15.6

7 2.00 4.0 12.4 21252 12.6
22 2.40 17.8 9.5 20956 12.4
15 1.72 ?5.5 7.8 25658 15.5
8 2.58 14.8 8.9 28050 17.1

22 2.17 1ó.8 9 .4 23815 14.3

't7 2.40 5.2 12.2 24896 15.0
34 1.50 17.7 11.6 21983 13.1
12 1.70 26.7 7.8 25375 15.3
34 1 .86 15.0 't1.2 23519 14.1

34 1.99 17.4 9.6 24127 14.5

17
27
12
16
18

12
ó0

61

c85.2 1984 3sur'l
c85.2 1984 4FAL
c85.2 1984 YEAR

cBs.Z 1985 lrJrN
c85.2 1985 zSPR
c85.2 '1985 3SUt|1

cs5.2 1985 4FAL
c85.2 1985 YEAR

c85.2 198ó lLlrN
c85.2 198ó zSPR
c85.2 198ó 3SUr,l

c85.2 198ó 4FAL
c85.2 198ó YEAR

c85.2 1987 1tilN
c85.2 1987 zSPR
c85.2 1987 3SUll
c85.2 1987 YEAR

C85.2 ALL ALL

632
420

10 27

434
613
639
424

?0 27

421
ó15
625
431

20 22

419
624
233

12 24

62 25

14
12
13

22
I

22
14
16

10
7
I

15
9

8
10
13
10

1?

233
156

7
96

114

7
7
7

5
4
4
6
5

40 29 303 948 9.5
42 30 303 233 8.3
11 29 303 62 9.0

20 238 1ó0 13.8
25 272 114 10.4

15 1 .83 21 .7 7 .5 20067 1 1 .8
10 2.25 15.8 10.2 26694 16.2
15 2.00 21.2 8.5 22718 13.6

24 2.50 4.9'.12.7 25342 15.3
20 2.50 17 .7 10 .7 23804 14 .3
6 1.97 25.9 7.? ?7576 1ó.8
7 1.98 16.3 8.7 29900 18.4

24 2.?4 17.3 9.5 26463 16.1

9 2.13 4.1 12.4 ?2531 13.4
15 2-33 17.6 9.8 21878 13.0
19 2-20 25.5 7 .5 26?26 15.9
10 2.65 15.0 8.7 28ó00 17.5
19 2.32 16.7 9.1 24658 14.9

11 2.50 5.1 12.9 21850 15.0
44 1 .32 17 .? 11 .5 22691 13 .5
9 2.30 26.7 9.0 26017 15.8

44 1.93 14.7 11.6 23967 14.1

44 2.17 17.2 9.7 21793 14.9

3 464
3 337
49
390
3 214

11

66
469 4.7
2?8 3.7

28 253 253 8.0

27 460 6.9
22 755 126 9.1
37 417 538 7.8
6',t 414 439 7.3
35 477 379 7.9

8 369 430 7.1
11 710 79 30.4
33 335 170 6.4
13 534 211 18.6

28 411 351 10.2

3 361
5 139
54
4 191

150

c85.3 1984 5SUr'l

c85.3 198¿ 4tAL
c85.3 1984 YEAR

c85.3 1985 1H¡N
c85.3 1985 2sPR

c85.3 1985 3suM
c85.3 1985 4FAL
c85.3 1985 YEAR

cB5 .3 198ó 1r,¡ I N

c85.3 198ó 2sPR
c85.3 1986 3SUM

c85.3 198ó 4FAr
c85.3 198ó YEAR

c85.3 1987 1r.'tN
c85.3 1987 zSPR

c85.3 '1987 3SUr.l

c85.3 1987 YEAR

C85.3 ALL ALL

32 329 790 9.2
21 378 226 7.9
27 351 540 8.ó

19 219 94 9.3
28 353 109 14.8
38 &1 4.4
55 434 6.7
35 277 331 8.9

26 399 5.4
18 5ó0 132 7.1
?7 502 520 8.0
51 435 488 6.7
29 488 373 7.0

13 426 103 7.6
't9 709 167 27.6
50 53? 424 7.0
22 574 299 16.6

29 441 370 9.7

17 2.02 21 .3 7 .3 21353 12.7
10 2.35 15.4 9.9 25808 15.ó
17 2.17 20.4 8.5 23333 11.0

1 5 1 .98 4 .8 13 .s 25175 15 .2
35 2.13 17.7 9.3 ?4850 15.0
7 1.98 25.7 7.0 27956 17.1

14 1 . ó0 16 -',| 8.9 28258 17 .3
35 1.95 17.2 9.1 26528 16.1

I 2.'10 4.0 12.3 23385 14.0
10 2.53 17.6 9.2 23853 11.3
15 2.40 25.4 7.? 27675 16.9
10 2.83 14.9 9.? 28613 17.5
15 2.17 16.7 9.2 25858 15.7

12 2.18 5.0 12.9 ?4967 15.1
44 1.?0 16.6 10.4 23500 14.1
9 2.10 26.4 7 .4 26150 15.9

44 1.77 14.2 10.8 21515 14.8

44 2.12 16-9 9.4 25457 15.1

40
40
40

229
89

8
93
93

437
281

I
71

't88

333
109

6
172

131

13
12
13

21

14
26
20
20

431
419
825
445
ó18
646
433

20 35

420
6 ',16

637
428

20 25

423
528
?37

11 27

10
7

19
13
12

9
12
'14

11

15

7
7
7

6
5

5
6
5

4
3
6
3
4

1
7
5

5

5
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TOTAL P DIS-P ORT.P N023.}I NH34.I¡ TKI¡ ST CHL-A CHL-A SECCHI TEI,IP D.O. CO¡¡D SALIN

STATION YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB METERS DEG'C PPM UHOS PPT

1E2.3 1984 3SUr,l

1E2.3 1984 4FAL
1E2.3 1984 YEAR

t82.3 1985 lrJn¡
L82.3 1985 2SPR
L82.3 1985 3SUr,l

1E2.3 1985 4FAL
1E2.3 1985 YEAR

L82.3 198ó lrJn¡
L82.3 198ó 2SPR
L82.3 198ó 3SUl,l

1E2.3 198ó 4FAL
1E2.3 1986 YEAR

182.3 1987 lrJn¡
1E2.3 1987 zSPR
L82.3 1987 3SUr'l

L82.3 1987 YEAR

LE2.3 ALL ALL

22 244 146 12.6
19 395 2& 17.1
26 708 5.3
6s 598 3.9
51 309 441 9.9

21 458 ó.0
29 740 190 7.5
33 406 5ó3 8.0
51 413 553 6.9
33 469 428 7.2

14 436 528 6.7
29 692 301 25.7
28 428 745 10.0
23 563 451 16.8

30 441 479 10.1

13 2.05 24.4 7.7 19320 11.3
10 2.03 15.6 9.8 24471 14.7
13 2.04 20.5 8.ó 21609 12.8

20 2.00 3.6 13.1 24144 11.5
45 2.03 18.0 9.8 22660 13.5
8 1.47 25.7 7.0 26767 16.3
7 ',t "75 1ó.0 9.0 ?6667 16.2

45 1.80 17.0 9.2 ?4990 15.1

8 1.90 4.1 12.4 22517 13.4
10 2.37 ',t7.6 9.2 21558 12.8
16 2.16 25.5 7.5 26267 15.9
8 2.55 14.9 9.0 27888 17.0
16 2.25 16.7 9.3 24428 14.7

13 2.45 5.5 13.0 23392 '.t4.0
39 1.48 16.7 '10.9 20663 12.2
11 1 .80 26"1 7.5 21475 11.7
39 1.89 11.6 11.0 22208 13.2

45 2.00 17.0 9.5 23760 11.3

52913
42014
92514
44837
64312
63716
42915

?0 39 '.19

421 6
ó 15 6
6279
43314

20238

29 296 9ú 8.0
32 408 410 8.0
30 346 719 8.0

740
840
740
6 270
790
58
5 208
6 125

4 160
5 305
45
495
4 204

3 390
5 204
54
4 233

422
629
245

12 29

61 30

I
11

13
10

13

MEE1 .1 1984 4FAL
MEE1 .1 1984 YEAR

t',lEE1 .1 1985 ltllN
I'|EE1.1 1985 zsPR
ilEE1.1 1985 3SUM

r'tEE1 -'l 1985 4FAL
MEEI .1 1985 YEAR

MEE1.1 198ó 1r,r¡N

MEE1.1 198ó zsPR
MEE1.1 198ó 3SUr.l

r',rEE1 .1 198ó 4FAL
t4EE1.1 1986 YEAR

MEE1 .1 1987 1r.¡rN

MÊE1 .1 1987 YEAR

MEEI .1 ALL ALL

50 817 100 8.9
50 817 100 8.9

40 500 100
30 678 430 9.',1

31 821 11ó5 16.3
76 465 336 5.4
42 659 ó18 10.ó

37 477 503 4.6
29 ó05 æ3 8.9
52 567 1075 8.4
52 t10 750 5.8
42 555 7ÍJ6 7.4

15 2.09 12.7 10.1 23303 13.9
15 2.09 12.7 10.1 23303 13"9

?.15 6.3 11 .7 22202 13.2
14 1.38 18.0 9"8 20972 12.4
43 1.18 25.5 7.0 24004 14.4
8 2.35 14.4 9.7 260s7 15.8

43 1.62 18.4 9.0 23245 13.9

6 2.OO 4.3 12.0 203'18 12.0
22 2.25 18.1 8"9 18768 10.9
20 1 .80 25.0 7.1 2291',1 13.7
11 2.25 13.4 9.1 2581? 15.6
22 2.07 17.1 8.9 21820 13.0

4 2.40 3.8 11 .2 25600 15.5
4 2.40 3.8 11.2 25600 15.5

43 1.88 16.9 9.1 2?662 13.5

488
488
245
655
ó98
465

18 70

553
654
664
460

19 58

170
170

42 67

50
50

35
5?
65
50
53

40
39
53
43
41

13 70
13 70

15 198
10 1ó3
14 22
15 140
13 115

't7 563
9 334
12 23
ó 118
11 227

ó0 4 210 36 500 200 4.4
ó0 4 210 36 500 200 4.4

49 12 163 42 620 676 8.7

r'rEEz. I 1984 3SUr{
l'rEEz.1 1984 4FAL
MEEz,1 1984 YEAR

Ì.rEEz.1 1985 lrJrN
ilEE2.1 ',t985 zSPR
r'tEE2.1 1985 3SUr'l

MEE2.1 1985 4FAL
I'|EE2-1 1985 YEAR

MEE2.1 198ó 1r.rIN
MEEz.1 198ó zSPR
MEEz.1 198ó 3SUr'l

I'IEE2.1 198ó 4FAL
i,IEE2.1 198ó YEAR

MEE2.1 'I987 1!J¡N
t4ÊE2.1 1987 YEAR

MEE2.1 ALL ALL

43 800 16.1
2ú 591 125 6.4
1& 696 125 10.ó

35 565 200 ',t5.3
45 699 458 7.0
5? ó08 1099 5.5
85 508 370 5.6
57 609 60 6.6

25 475 325 5.4
23 470 347 6.3
59 576 1110 10.4
46 583 867 7.4
40 529 ó80 7.7

64 450 900 1.9
64 /r50 900 4.9

72 592 646 7.7

30 1.26 23.8 7.7 17282 10.0
10 1.70 11.8 10.3 23225 13.9
30 1.48 17.8 8.8 ?0253 11.9

15 1.40 5.6 11.6 ?1033 11.4
14 1.ó8 ',19.6 8.9 21088 12.5
7 1.23 25.5 ó.8 ?1184 14.7
8 1.98 14.6 8.9 27000 16.4
15 1.57 19.7 8.3 24024 11.4

7 2.O5 4.8 12,0 20117 11 .B
10 2.32 18.0 9.0 19783 11.ó
38 1.30 21.5 7.3 23473 14.0
10 1.47 12.2 9.9 26500 16-1
38 1.81 17.3 9.0 2??37 13.2

5 2.00 1.3 10.9 25767 15.ó
5 2.00 4.3 10.9 25767 15.6

38 1.65 18.0 8.7 2?633 13.5

473
494
883
155
550
668
480
16 61

275
546
572
375
15 61

170
170

13n
ó0 14 59
ó0 13 67

35 15 140
37 12 1&
55 't3 37
15 13 91
16 13 97

40 10 520
44 9 338
16 10 24
57 10 120
47 10 222

ó0 6 370
ó0 6 370

17 12 148

MEE2.2 1984 4FAL
I4EE2.2 1984 YEAR

1s 58 ',t800 500
15 58 1800 500

6.3
ó.3

150
150

6 2.10 17.1
6 2.10 17.1

21667 12.8
2'.t667 12.8
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CHESAPEAKE BAY ESTUARY AND I'IAINSTEI.I DATA I.IEANS BY STATIOII, YEAR, AHD SEASON DEPTH <= 3I.IETERS
ltAx

CHL.A CHL.A SECCHI TEMP

PPB PPB I'IETERS DEG.C

ó.3 6 2.40 17.1

PAGE 9

SALIN
PPT

TOTAL P DIS.P ORT.P NOz3.II NH34.}I
STATION YEAR SEAS OBS PPB PPB PPB PPB PPB

t4EE2.2 ALL ALL 1 50 15 58 1800

D.0. coND
PPI'I UH0S

TK¡I SI
PPB PPB

500 21667 12.8

r,rEE3.1 1984 4FAL
I,IEE3.1 1984 YEAR

r.rEE3 . 1 1985 1!r¡ N

r,rEE3. 1 1985 2sPR
l'rEE3.1 1985 3sur,l
MEE3.1 1985 4FAL
r.rEE3.1 1985 YEAR

r'rEE3.1 198ó 1r.,rN
r'rEE3.1 198ó zsPR
ilE83.1 198ó 3SUr,t

ÈrEE3.1 1986 4FÀL
üEE3.1 198ó YEAR

MEE3.1 f987 IIJ¡N
r,|EE3.1 1987 YEAR

i'IEE3. 1 ALL ALL

20 &0 250 4.3
20 &0 250 4.3

230 583 1ó3 4.3
& ó80 552 4.8
102 695 935 4.5
119 514 508 3.3
116 632 ó05 4.3

25 525 500 5.8'6 499 38ó 3,2
46 500 ó10 10.1
92. 508 425 2.7
61 505 480 5.6

1.95 11.4 9.7 27317
1.95 11.1 9.7 27317

0.85 4.4 11.6 25522
1.34 20.8 7.5 25369
1.07 25.7 6.5 ?7232
1.40 15.0 8.5 293?3
1 .18 18.1 8.'t ?6894

265
265
3ó3
566
ó 158
471

18 98

265
552
570
483
16 67

190
190

I ó00 200
I ó00 200

10 106
10 10ó

20 155
10 90
20 37
18 85
17 82

10 380
I 239
11 50
965

10 154

4 120
4 120

40
40

50
42
ó0
63
54

35
30
50
55
43

ó0
ó0

49

4
4

4
I
8
4
8

7
4

20
5

20

16.6
16.6

15.4
15.3
16.6
18.0
16.1

37 15 115 ú 576 528

7.6 I
7.6 8

5.0 20

1.05 2.5 12.5 23933 11.4
1 .74 17 .8 7 .9 23707 11.?
0.98 25.0 7.1 26767 16.3
1.30 13.0 9.0 29725 18.3
1.31 17.0 8.5 26196 15.9

0.ó0 3.7 11.3 ?7733 16.9
0.ó0 3.7 11.3 27733 16.9

1.26 17.0 8.4 26638 16-2

MET4.1 1984 4FAL
MET4.1 1984 YEAR

MET4.1 1985 1IJ¡N
MET4.1 1985 zSPR
MET4.1 1985 3SUM

MET4.1 1985 4FAL
MET4.1 1985 YEAR

t.tET4.1 198ó 1!¡tN
r'rET4.1 198ó 2SPR

MET4.1 198ó 3SUr'l
tlET4.1 198ó 4FAL
MET4.1 198ó YEAR

MET/+.1 1987 1!JIN
MET/+.1 1987 YEAR

I'IET4. 'I ALL ALL

't 120
't 120

4 161
6 ?42
6- 257
4 203

20 222

1 250
5 252
6 301
4 210
16 260

50 10
50 10

63 40
57 18
58 18
65 30
ó0 25

570
570

1321
567

22
1163

673

20 930 1ó50
20 930 1ó50

128 1083 4044
T2 1908 1883
23 1699 938
85 ',t0ó5 ?590
71 1491 2173

50 1450 2195 49.2

5.8 11.7 9318 5.0
5.8 11 .7 9318 5.0

8.2 10.8 2400 1.2
20.0 9.8 2078 0.8
26.4 7.1 5145 2.5
14.5 8.ó 1169 0.5
18.4 8.9 2911 1.3

8.0 10.7 ?58 0.0
19.7 8.1 ',t595 0.ó
21.6 6.6 4621 2.3
11.6 10.2 4619 2.3
18.8 8.? 3303 1.6

1 .6 12.6 133 0.0
1.6 12.6 133 0.0

17.8 8.8 3191 1 .5

30 1030
25 1505
12 1&3
44 1333
26 1485

41.2
4',1.2

40.3
70.1
57.1
29.8
53.3

4420 19.0
1800 35.2
980 61.4

3475 49.1
2059 46.8

54 0.ó0
54 0.ó0

40 0.23
110 0-18
81 0.20
57 0.21

110 0.20

19 0.20
58 0.27

100 0.22
91 0.35
100 0.27

0.10
0 .40

110 0-25

ó0 20 3000
42 15 810
49 13 31
55 16 ó88
49 15 635

26 1700 52 ó00 5500
26 1700 52 ó00 5500

1 100 70
1 100 70

38 232 55

r'rET4.2 1984 4FAL
t4Ê14.2 1984 YEAR

t4Er1.2 1985 1r¿tN

t¡tET4.2 1985 zSPR
MET4.2 1985 SSUt'l

ïtET4.2 ',t985 4FAL
t¡t814.2 1985 YEAR

t4ET1.2 1986 1r¡tN
r'|ET4.z 198ó 2sPR
t/tETI.2 198ó 3SUr||

¡48T4.2 198ó 4FAL
¡4ET4.2 198ó YEAR

MET4.2 1987 1[JIN
¡48T1.2 1987 YEAR

I4Ê-11.2 ALL ALL

33 485 1210 11.1
35 509 553 7.9
26 652 1708 15.9
& 604 1038 8.7
38 570 1124 11.6

56 580 1400 16.6
56 580 1400 16.6

57 635 1086 14.0

1.78 10.4 10.ó 19883 11.7
1.78 10.4 10.ó 19883 11.7

1 .97 4.2 12.0 17578 10.2
1 .31 17.3 9.1 16561 9.5
0.75 25.4 6.4 20977 12.4
1.23 14.2 9.6 21517 12.8
1.?2 17.1 8.ó 19159 11.2

1.37 1.8 13.0 16922 9.7
1.14 18.0 8.7 1509ó 8.ó
0.93 21.9 7.8 19807 11.6
2.23 12.9 9.4 22000 13.1
1.13 16.6 9.2 18325 10.7

1.ó0 3-1 12.8 19533 11.1
1.ó0 3.4 12.8 19533 11.1

1 .37 16.1 9.1 18843 1 1 .0

370
370
353
ó81
6 103
480
19 83

363
646
ó 103
481

19 74

1 100
1 100

35 10 229 67 670 575
35 10 229 67 670 575

to 13 523 120 573 5n
41 10 294 50 757 627
63 23 40 69 800 1938
47 10 23',1 81 550 875
49 14 237 74 698 1085

678
403
27

179
280

10.7
10.7

23. 0

17.8
't0.9
17.7

17
17

51
31
16
51

28
11

22
15
28

17
17

51

37
28
52
56
13

10
I

13
16
'12

80 14 ó00
80 't4 ó00

16 13 265

l,,lET5.1 1984 3SUl,,l

rr,rETs.1 1984 4FAL
MEI5.1 1984 YEAR

r{ET5.1 1985 'lr.¡rN

1 108 33 3?6
1 123 10 20 347
8 115 40 26 338

5 194 100 12 1710

28 888 27.7
13 1198 850 25.8
35 1043 850 26.5

92 1212 2256 23.1

0.48 24.3 7.1
0.11 12.2 9.8
0.16 18.2 8.3

0.?7 7 .0 11 .6

30
31
31

23

1 061
3281
2172

186

0.2
1.1
0.8

0.1
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CHESAPEAKE BAY ESTUARY AND I.IAI}¡STEI.I DATA I,IEANS BY STATTO}¡, YEAR, A¡ID SEASOil DEPTH <= 3 METERS

l,rAx

TOTAL P DIS.P ORT.P NO23.¡¡ NH34.N TKI¡ SI CHL-A CHL-A SECCHT TEMP D.O. COND SALI¡¡

STATION YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB I'IETERS DEG-C PPI'I UHOS PPT

ilET5.1 1985 zSpR ó 158 57 20 823 93 1018 497 22.9 40 0.28 19.8 7.0 2876 1-2

ltET5.1 1985 SSUM 6 162 67 27 48 32 1027 1205 27.8 33 0.31 26.3 5.5 6506 3-3
l,tET5.1 1985 4FAL 3 123 57 30 870 137 917 3533 13.8 25 0.27 12.9 7.7 1793 0.ó
ilET5.1 1985 YEAR 20 163 69 Zg 819 81 1054 1ó05 22.7 40 0.28 17.5 7.6 3205 1.5

PAGE 1O

179 0.0
179 0.0

I'iET5.1 198ó 1r,¡rN 3 115
MET5.1 198ó zSPR 6 117
r,tET5.l 198ó 3SUlt 6 190
MET5.1 1986 4FAL 4 '.158

MET5.1 198ó YEAR 19 148

r,rET5.1 1987 lHllr 1 190
tirET5.1 1987 YÊAR 1 190

MET5.1 ALL ALL 48 150

48 2300 116 950 ó000 0.8
48 2300 116 950 ó000 0.8

1 0.20 2.5 11.8
1 0.20 2.5 1'1.8

52 25 2095 328 958 5133 5.1 11 0.27 3-4 12.6 173 0.0
50 23 828 84 905 1208 12.',1 18 0"3? 20.4 7.5 2403 1 '0
& 30 ó0 59 1282 1575 27.5 41 0.32 26.0 6.6 6207 3.2
53 24 283 112 f000 2275 22.1 28 0.33 13.6 8.8 T30B' 3'8
56 26 671 123 ',1052 21æ 18.3 41 0.31 18.1 8.3 4285 ?.1

90
90

63 28 719 90 1049 1928 20.7 41 0.32 17.5 8.1 3397 1.6

ó0
59
60

50
30
41

't7
13
27
35
23

r'rET5.z 1984 3suH 5 94
r,rET5"z 198É- 4FAL 4 88 35
ilETs.z 1984 YEAR 9 91 35

57
43
ó8
68
58

12
10
33
28
2',1

33
33

44 760 1ó.8 27 0.72 24.7 6.5 12802 7 -1

258 588 500 6"5 9 1.21 12"1 10.1 20199 11.9
139 683 300 10.9 27 1.00 19.1 8.1 1ó090 9.2

I[{ET5.2 1985 1WIN 3 63
I'|ET5.2 1985 zSPR 5 70
I'|ET5"2 19853SUr't ó 100
MET5"2 1985 4FAL 4 93
MET5.2 '1985 YEAR 18 84

MET5.2 198ó 1r.¡rN 3 65 37
MET5.2 198ó zSPR 6 67 43
r,tET5.2 198ó 3SUt't 6 93 76
I'|ET5.2 198ó 4FAL 4 95 75

I'rEr5.2 198ó YEAR 19 81 57

290 83 537 483 18.3 18 1.55 4.3 1'1.5 19714 11.6
96 36 855 813 11.9 34 0.87 18.9 8.7 18875 11 -0
44 45 773 1962 11 .1 23 0.83 ?5.8 6.5 21656 12-B

104 88 593 &5 5.6 11 1.33 14.7 8.7 22742 13-6
112 57 716 1088 10.4 34 1.0ó 17.5 8.5 20617 12.2

773 20 ó50 1002 10.7 12 1.23 4.8 12.9 15711 9.0
240 26 651 950 7"5 16 1.12 19"6 8.ó 168?9 9.7
& 59 ó03 2400 7.8 '12 '.t.17 25"6 ó.8 20437 12.0
æ 95 494 1633 5.9 12 1.95 13.4 8.7 23933 14.4
24? 48 ó03 155ó 7.9 16 1.33 17.8 8.7 19288 11 .3

MET5.2 1987 IIJIN 1

r'!ET5.2 1987 YEAR . 1

MET5.2 ALL ALL 47 84

ó05
ó05

90
90

57

80
80

15ó ó05 22oO 1.80 2.7 11.5 17400 10.1

156 ó05 22oO 1.80 2.7 11.5 17400 10.1

26 1& 71 62 1?87 9.4 34 1 .18 17.6 8.ó 19156 11"?

MET7.1 198ó 1HIN
r,rET7.1 198ó 2SPR

r.rET7.1 1986 3SUM

MET7.1 198ó YEAR

MET7.1 ALL ALL

2 130
3 100
3 163
I 131

I 131

55
33
63
50

50

15 '1400 320 1080 3800 2.2
12 5ó3 111 833 1500 7.2
13 47 13 950 1500 21.',1

13 579 127 939 2075 11.?

13 
'79 

127 939 2075 11.2

3 0.30 4.3 11.3 9372 5.0
10 0.53 20.1 6.9 14311 8.1
31 0.17 ?5.5 6.1 1585ó 9.1
31 0.15 18.2 7.8 13ó55 7.7

31 0.45 18.? 7.8 13ó55 7.7

r,rLEz.2 1984 3SUr'l

t4LÊ2.2 198/. 4FAL
frLE?.z 1984 YEAR

t4LE2.2 1985 1!llN
|4LE2.2 1985 zSPR
t4LE?.2 1985 3SUl,l

r,rLE2.2 1985 4FAL
NLE2.2 1985 YEAR

ÄL82.2 198ó lurN
t4LE2.2 198ó zSPR
t4LE2.2 1986 3SUr.l

t4LE2.2 1986 IFAL
I4LË2.2 198ó YEAR

t4LE2.2 1987 lHIN
I4LE2.2 1987 YEAR

NLE2.2 ALL ALL

25 850 11.9
83 719 438 7.9
63 763 438 9.2

?8 56 796
46 994 512 32.9
42 657 1537 8"8
116 &0 1300 5.9
59 732 1076 17.2

12 0 .73 ?5 .5 6.3 14020 7 "9
8 2.13 13.7 9.9 21518 12.8

12 1.57 17.6 8.7 19018 11.1

1.10 6.3 13-2 17239 10.0
93 '.t .07 20 .0 10.7 1875'1 1 0 .9
13 1.23 25.3 6.5 23657 14.2
11 1.70 15.1 8.9 ?0829 12.1
93 1.27 18.5 9.1 20499 12.1

6 1.ó0 3.0 13.7 20183 1?.1
16 1.08 18.ó 9.5 17089 9.9
19 1.14 ?5.2 7.2 23493 14.1
10 1.53 14.0 8.9 26621 16.?
19 1.24 18.ó 8.9 21685 12.9

9 1-20 4.2 15.1 218ó0 13.0
9 1.20 4.2 15.1 218ó0 13.0

93 1.29 18.0 9.? 20772 12.3

295
4 '111
ó 10ó

35 53
35 18 117
35 23 95

37 10 556
4816óÉ.
53 20 20
50 15 361
48 16 197

20 330 8ó5
30 653 467
3? 550 1390
50 590 975
34 570 905

I ó30 800
I ó30 800

10 705
10 347
918
9ó8
9 235

4 380
4 380

351
5ú
ó83
473

18 76

235
663
582
170

17 67

't 70
170

25
33
46
53
4'.|

50
50

14

4.4
10.1
9.2
7.7
8.ó

9.1
9.1

14 18 óó8 958 12.0

l.lt¡T1 .1 1984 /+FAL

MLJÍl.1 1984 YEAR

10 615
10 615

28345
28345

188't028 1940 20.8
188 1028 1940 20.8

33 0.95
33 0.95

8.1 11.5 1875 2.1
8.1 11.5 t+875 2.1
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CHESAPEAKE BAY ESTUARY AND I,IAINSTEI.I DATA I,IEANS BY STATIOII, YEAR, AIID SEASOI¡ DEPTH <= 3I,IETERS
t{Ax

PAGE 1 1

TOTAL P DIS.P ORT-P NO23.I¡ }¡H34.I¡ TK}¡ SI CHL.A CHL-A SECCHI TEMP D.O. COND SALIN
STATION YEAR SEAS OBS PPB PPB PPB PPB PPB PPS PPB PPB PPB I.IETERS DEG-C PPI.I UHOS PPT

r.rr.¡T1 .1 1985 1r,rrN 1 90 50 20 1300 50 800 2240 0.40 7.7 12.2 1825 0.ó
ilr,,Tî.1 1985 zSpR 3 187 52 10 460 T3?, 2703 1392 48.3 59 0.37 21.3 9.1 158ó 0.5
H[JT1.1 1985 3SUH 2 140 43 20 155 23 1030 5175 27.8 28 0.20 25.7 5.3 2681 ',1.l

Hr.rT1.1 1985 4FAL 3 70 37 13 374 62 ó88 2575 19.4 31 0.50 11.7 9.6 4701 2.3
ilHTl.1 1985 yEAR 9 127 44 14 456 275 1448 2414 33.0 59 0.38 '.17.6 8.8 2891 1.2

I'lLlT1.1 198ó 1t¡lN I 110 30 10 1750 95 750 3790 11.2 11 0.20 7.2 11.5 1100 0.2
tiil.JT1.1 198ó zspR 3 83 27 I 8ó8 42 763 3717 5.2 7 0.33 19.4 8.1 1350 0.4
Mr,,T1.1 198ó3SUlt 3 112 30 7 65 9 805 3675 23.2 36 0.27 ?4.1 7.8 2368 1.0
trr.,T1.t 198ó 4FAL 3 92 35 5 455 120 905 3292 17.1 35 0.40 10.0 11.5 4469 2.1
Mr.iT1.l 198ó yEAR 10 97 31 7 592 61 817 358Á 14.7 36 0.32 1ó.8 9.4 2566 1.1

ilHT1.1 1987 1!lrN 1 115 40 9 1100 470 1150 5550 5.2 5 0.20 1.7 13.1 978 0.2
HLIT1.1 1987 YEAR 1 115 40 9 1100 470 1150 3550 5.2 5 0.20 1.7 13.1 978 0.2

ilt¡T1.1 ALL ALL 22 109 38 10 564 179 1110 2980 21.3 59 0.40 ,15.6 9.5 2838 1.2

r,rHTz.1 1984 4tAL
r,fl.,T2.1 1984 YEAR

Mr.rT2.1 1985 3suM
lilt¡Tz.1 1985 4FAL
i,II'T2.1 1985 YEAR

t'rltT2 . 1 198ó 1lil N

l,$,rT2. 1 198ó zsPR
r,rr.¡T2.1 198ó 3sutl
1,ft,¡T2.1 198ó 4FAL
MIIT2.1 1986 YEAR

r.ftiT2.1 1987 1lrril
Ht,Tz.1 1987 YEAR

MI.'T2.1 ALL ALL

513 60 &8 1158 12.2
513 ó0 &8 1158 12.2

200 595 3143 2.3
212 592 1470 ?.s
207 593 2139 2.3

20 ó00 2325 9.7
41 910 1187 26.6
11 ó50 2308 13.1
,2 758 1558 10,2
33 756 1749 15.9

70 730 1800 10.9
70 730 1800 10.9

87 697 1794 12.0

15 0.75 8.3 11.6 6?54 3.2
15 0.75 8.3 11.6 6251 3.2

2 1.50 23.1 6.8 8871 4.7
3 1.70 11.5 9.8 8024 4.?
3 1.62 16.3 8.ó B3ó3 1.4

10 0.30 8.0 11.1 283 0.0
38 0.37 19.4 8.9 2909 1.2
19 0.43 24.0 8.1 3612 1.7
14 0.45 10.7 10.ó 7512 3.9
38 0.41 17.0 9.4 1217 ?.1

îf 0.40 1.7 14.0 5317 2.6
11 0.40 1.7 14.0 53',17 ?.6

38 0.78 15.0 9.7 5673 2.9

43 10
43 10

45 10
33 13
38 ',12

35 10
438
334
356
376

270
270
?58
347
551
1 105
3 108
3 100
3 115
10 108

33
355
226

1300
302

20
342
329

19540
19540

18 87 38

4 820
4 820

I 318

MUT3.1 1984 4tAL
r'trJT3.1 1984 YEAR

I'trJT3. 1 1985 3SUM
r,tr.,T3.1 1985 lFAL
MI.'T3.1 1985 YEAR

MIJT3.1 198ó 1r,¡rl¡
l,tr,¡T3.1 1986 2sPR
r,rHT3-1 '198ó 3SUr,r

r,il¿T3.1 198ó 4FAL
Mr.¡T3.1 198ó YEAR

r'tuT3.1 1987 1t¡tN
MUT3,1 1987 YEAR

MI.JT3. 1 ALL ALL

35 33 375
35 33 375

38 10 30
36 10 332
37 10 211

20 10 1000
27 I 540
33420
35 6 317
30 7 363

30 4 880
30 4 880

265
265
268
377
573
150
3633n
3 120
't0 83

50 508 350 3.4
50 508 350 3.4

?0 628 2533 23.1
27 706 1434 25.9
24 675 1874 24.8

50 465 1050 2.3
41 827 1233 13.8
11 700 2367 28.6
38 888 1275 14.0
32 n1 1568 17.2

ó8 490 1500 4.4
æ 490 1500 4.4

33 699 1582 17.0

5 2.50 11.8 10.2 11928 6.6
5 2.50 1 1 .8 1 0 .2 119?8 6.6

24 0 .80 23 .7 7 .3 11283 6 .2
33 1.00 12.0 10.8 111?5 6.3
33 0.92 16.7 9.4 113ó8 6.3

2 0.70 5.7 12.1 695 0.0
19 0.80 19.2 8.8 3919 1.8
39 0.ó3 24.5 7.8 5522 2.8
19 1-27 11.3 12.0 11582 6.4
39 0.88 17.1 9.8 6376 3.3

4 2.60 2.1 13.3 8190 1.3
4 2.60 2.1 13.3 8190 1.3

39 1.17 1t.5 9.9 8481 4.5

150
150

18 77 10 351

H!,rT4.1 198¿ 4FAL
HHT4.1 1984 YEAR

Mr,rT4.1 1985 lrJrN
r'il.rT4.1 1985 2sPR
r'rlrr4.1 1985 3suM
Hr.tT4. 1 1985 ¿}FAL

r,il.¡T4.1 1985 YEAR

MIJT¿+.1 198ó lt'llN
MI.JT4.1 198ó zSPR
Mr.rT4.1 198ó 3SUM

MwT4.1 198ó 4FAL
I'ltJT/r. 1 198ó YEAR

M!¡T4.1 1987 1r,¡tN

2 235
? ?35

1 575
3 338
3 185
3 223
10 372

1 ?60
3 3'.15

3 288
3 208
10 270

108
108

155
87

125
87

105

ó0
67
ó0
60
62

55

30 903 4655 6750 1250 57.4 98 0.ó3 9.1 9.1 9088 4.9
30 903 1655 6750 1250 57.1 98 0.ó3 9.1 9.1 9088 1.9

40 1 080 1 000 91 50 - 1 00 0.25 7 .4 14 .9 5078 2.5
32 122 1433 3253 fn 147.2 210 0.28 21.3 8.7 5322 ?.6
57 764 2533 5800 625 144.1 208 0.27 24.1 8.1 8118 4.3
13 1282 5175 6692 1293 57.0 94 0.70 13.0 9.1 7383 3.8
35 848 2843 5639 939 116.1 210 0.40 18.4 9.4 6761 3.5

20 1000 /t900 8500 2500 37.4 37 0.10 7'3 10.3 549 0.0
15 853 3000 5813 1083 70.0 141 0.25 19.1 7.5 1261 2.0
7 1588 1035 3718 733'127.9 1ó8 0.30 21.3 7.0 1668 2.3

10 1048 2300 3913 1400 51.1 95 0.37 11.4 10.? 9013 4.8
1? 1147 2390 4991 1215 79.4 1ó8 0.32 17.2 8.5 5439 2.7

8 1250 3200 4350 2150 51.3 51 0.50 ?.6 14.1 5810 2.9
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CHESAPEAKE BAY ESTUARY AND I,IAINSTEÈI DATA IiIEANS BY STAT¡OII, YEAR, AIID SEÂSO}I DEPTH <= 3 METERS

ilAX

TOTAL P DIS.P ORT.P NOz3.II }IH34.il TKIT ST CHL-Â CHL-A SECCHI TEMP D.O. COND SALIN

STATION YEAR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB METERS DEG'C PPM UHOS PPT

l,trJT4.l 1987 YEAR 1 195 55 8 1250 3200 4350 2150 51.3 51 0.50 2.6 14.1 5810 2.9

titrJT4.1 ALL ALL 23 308 85 23 1oO0 2819 5416 1138 89.ó 210 0.39 ',16.4 9.2 6348 3.2
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ür.¡T5.1 1984 3SUr,l

M[JT5.1 1984 4FAL
l'ft,¡T5.l 1984 YEAR

MHT5.1 1985 1r,¡¡N

l,tt¡Ts.1 1985 ZSPR

ilLtT5.1 1985 3SUr,l

r'rL,T5.1 1985 4FAL
I'tnTs.1 1985 YEAR

H[JT5.1 198ó 1IJIN
r'tu¡T5. 1 198ó zsPR
Mr,trs.1 198ó 3sutl
I'lt,rT5.1 198ó 4FAL
r,r.¡T5.1 198ó YEAR

M!¡T5.1 1987 1r,¡lN
MI.'Ts.1 1987 YEAR

I,IT¡T5. 1 ALL ALL

7 117
4U
11 105

3 100
6 135
6 178
4 121

19 140

4 261
6 153
5 156
4 119
19 169

20 445
ó8 28 498
ó8 23 4&

57 20 670
64 13 518
T3 27 216
58 18 438
65 19 430

38 11 1240
46 16 752
92 29 103
75 18 500
& 19 604

374 1275 23.7 30 0.74 25.1 7.0 9217 5.0
578 1155 850 14.2 36 1.36 13.1 9.1 17016 9.8
448 1227 850 19.0 36 0.9ó 20.7 7.8 12072 6.7

ó00 1320 853 1.33 3.8 12.3 18867 11.0
407 1402 ó50 48.0 101 1.15 18.4 10.3 1380ó 7.8
418 1705 1583 34.2 79 0.63 25.7 6.9 18083 10.5
434 1087 1394 23.5 41 1.18 14.6 10.' 17685 10.3
447 1418 1130 35.9 101 1.02 17.6 9.6 1677? 9.7

363 1145 2193 11.6 28 1.08 4.2 12.? 1214?. 6.8
132 1óó8 1088 75.0' 262 0.78 19.1 10.9 11367 6.2
237 1748 1567 90.1 385 0.72 25.1 8.4 16711 e.6
262 1030 1413 17.8 31 0.80 13.? 10.7 17250 10.0
234 1460 1518 55.4 385 0.83 16.7 10.4 11311 8.1

710 1000 1ó00 1400 47.9 48 0.80 3.8 13.5 19433 11.4
710 10oo 1ó00 1400 47.9 48 0.80 3.8 13.5 19433 11.4

511 377 1400 1308 42.0 385 0.93 17.7 9.6 11845 8.5

90 28
90 28

65 20

1 150
1 150

50 144

Mr.rTó.í 198¿ 4FAL
r.tr¿Tó.1 1984 YEAR

MIJTó.1 1985 lUIN
üt,tTó" 1 1985 zSPR
H!¡Tó.1 1985 3SUr'l

ilr.,Tó. 1 1985 4FAL
MI.JTó.1 1985 YEAR

l.lllTó.1 1986 2SPR

MLJTó.1 198ó 3SUll
Mt¡Tó.1 198ó 4tAL
r'$rTó.1 1986 YEAR

r'ilJTó. 1 1987 ltJI N

Hr,¡Tó.1 1987 YEAR

I,IIJTó. 1 ALL ALL

100 760 8ó5 5.9
100 760 8ó5 5.9

30 500 ó00
37 970 583 16.1
83 1063 18ó3 9.0
70 1010 10't7 36.7
ó0 963 1099 22.1

17 822 900 18.ó
48 ó58 1850 12.9
39 735 1483 1ó.8
35 738 1411 1ó.1

36 ó50 1400 7.4
36 ó50 1400 7.1

52 838 1219 17.0

7 2.',t0 10.4'10.0 19324 11.3
7 2.10 10.¿+10.0 19324 11'3

1.10 8.5 12.0 12643 7"0
25 1.00 21.0 9.0 13722 7.7
9 0.93 24.7 5.9 18666 10.9

87 1.67 12.9 11.8 17666 10.3
87 1.19 18.4 9.2 16280 9.1

28 1.07 18.9 10.8 11117 6.1
18 0.67 ?5.3 5.3 16067 9.2
21 1.47 12.610.3 18900 11.0
?8 1.07 18.9 8.8 15361 8.8

7 1.80 2.7 13.8 15233 8.7
7 1.80 2.7 13.8 15233 8.7

87 1.25 17.2 9.3 16133 9"3

250
250

40 10 240
40 10 240

10 820
50 17 192
T3 17 20
53 13 5ó0
59 15 254

150
390
3 123
3 107
10 101

362308472
310258620
3 90 53 13 198
984479230

50 17 470
50 17 170

52 ',tz 253

170
170

22 88

H!'T7.1 1984 4FAL
l'{!1T7.1 1984 YEAR

MWT7.1 1985 3SUr,l

r'ruT7. 1 1985 4FAL
r,lt.¡T7.1 1985 YEAR

ür,¡T7.1 198ó zSPR
r,ilJT7.1 198ó 3SUM

MHT7.1 1986 4FAL
r'fl.,T7.1 1986 YEAR

l''{l'¡T7.1 1987 ItJIN
MIIT7.1 1987 YEAR

¡,II,JT7.1 ALL ALL

150
150

40 10 280
40 10 280

83 15 ó0
67 20 247
73 18 172

33 I 280
75920
50 11 238
50 9 179

50 4 370
50 1 370

57 't2 195

30 ó50 ó00 10.3
30 ó50 ó00 10.3

110 1045 2028 20.9
67 887 1493 40.6
u 950 1707 32.7

28 677 533 11.5
10 900 1'867 23.0
45 725 1417 1ó.0
28 767 1272 1ó.8

24 600 1100 5.1
24 ó00 1100 5.1

45 807 1355 20.6

10 1.50
f0 1.50

8.7 11.5 19450 11.4
8.7 11.5 19450 11.4

2 138
393
5 111

25 0.90 24.3 6.9 21327 12.6
57 '1.23 13.8 12.0 ?074? 12.3
57 1.10 18.0 10.0 20976 12.4

12 1.23 18.5 9.8 13259 7.1
32 0.67 25.7 7.6 18100 10.5
20 1 .63 12.9 9.1 21441 12.7
32 1.18 19.0 9.0 17601 10.2

5 2.10 3.3 12-5 18967 1 1 .1

5 2.10 3.3 12.5 18967 11 .1

57 1.23 17.1 9-7 18857 11.0

3ó5
3 113
398
992
170
170

16 91

r'[JT8.1 1984 4FAL
r'trJT8.1 1984 YEAR

l,rt.lT8.1 1985 lrJlN
MIJTB. l 1985 zSPR
MiJT8.1 1985 3SUr'l

I'tr.¡T8.1 1985 4FAL

420 137
120 437

40 10
67 37
103 33
63 10

75
75

250
23
20

217

295
295
280
3 1ó0
3 153
393

97 717 950 18.1 30 1.10 11.2 9.5 20443 12.0
97 747 950 18.1 30 1.10 11.2 9.5 20443 12.0

?5 825 450 1.35 5.6 13.3 18760 10.9
37 1280 1150 16.7 105 0.77 22.3 10.1 16599 9.5
23 877 2410 11.8 12 0.73 25.8 7.7 20519 12.1
33 7oO 1260 18.5 28 1.73 11.011.3 20494 12.1
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TOTAL P DIS-P ORT-P IIOz3.N NH34.}I TKII S¡ CHL.A CHL.A SECCHI IEI'IP D.O. COND SALIN
STAT¡ON YEÀR SEÀS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB I,IETERS DEG.C PPI.I UHOS PPI
I't!¡T8.1 1985 yEAR ',tl 125 71 24 116 30 929 1396 27.4 '105 1.13 17.9 10.4 19132 11.2

1,fi,tT8.1 198ó 1IJIN 1 50
ür,tr8.1 198ó zsPR 3 T3 47
r,rr.¡T8.1 198ó 3sul,r 3 133 80
irL,T8.1 198ó 4FAL 3 103 ó0
il!rT8.1 198ó YEAR 10 98 62

irr,¡T8.1 1987 lrJn¡ 1 70 50
r,rHT8.1 1987 YEAR 1 70 50

490 30 430 850 3.1 3 2.20 6.0 12.5 '.t6667 9.6
250 19 967 833 30.5 44 0.87 19.4 10.8 14396 8.1
20 19 &3 2267 19 .6 25 0.67 25 .6 5 .8 192?7 11 .?

110 38 ó03 1200 15.5 21 1.30 12.6 9.5 21956 ',13.0

163 26 707 1373 20.0 44 1.07 17.9 9.1 18340 10.7

ó.0 6 1.70 4.4 14.6 20095 11.8
ó.0 6 1.70 4.4 14.6 20093 11.8

10
12
39
14
20

4
l.

350 1ó 550 1400
350 16 550 1400

r,tLrT8.'t ALL ALL 24 109 97 71 139 36 805 1350 22.1 105 1.12 16.9 9.9 19011 11.1

l,rr,¡T8.2 198Á 4FAL
r,rt¡T8.z 1984 YEAR

Hr,rr8.2 1985 1r¡tN
ilr,¡T8.z 1985 2sPR
irtrT8.2 1985 3sur,l
Mt¿T8.2 1985 4FAL
MI"T8.2 1985 YEAR

Mr,rT8.2 1986 1t,,tN
r'rLrT8.2 1986 2sPR
M[JT8.2 198ó 3SUl'l
r,rL¡T8.2 198ó 4FAL
lr!¡T8.2 198ó YEAR

l,ttiT8.2 1987 1r¡IN
iilJT8.2 1987 YEAR

l.ltJT8.2 ALL ALL

90 ó83 775 8.9
90 ó83 T75 8.9

25 750 575
22 10ó3 1100 27"4
53 1003 2513 13.2
28 æ7 1347 20.2
34 901 1546 21:1

25 5',r5 1125 2.4
20 897 958 '.t5.6
16 &2 2208 16.7
38 %9 992 19.5
25 834'13ó0 15.8

52 590 1150 6.6
52 590 1150 6.6

38 853 1381 16.4

9 1.02 13.8 9.3 21634 12.8
9 1.02 13.8 9.3 21634 12.8

1.50 2.5 12.2 18550 10.7
45 1.00 23.3 11.1 17471 10.1
14 0.57 ?5.6 6.6 ?2007 13.'l
24 1.00 13.8 14.1 21201 12.6
45 0.92 19.1 10.7 20039 11.8

2 't.40 7.8 11.6 16667 9.6
21 0.73 19.5 8.9 1509ó B.ó
31 0.57 25.7 5.9 20333 12.0
25 I .20 12.1 9.8 2?860 13.6
31 0.89 18.0 8.5 19154 11.2

7 1.60 4.7 14.7 22217 13.2
7 1.60 4.7 14.7 22247 13.2

45 0.95 17.3 9.8 19961 11.7

43
43

55
48
85
70
67

45
35
ó8
57
53

380
380
165
3 117
3 138
388
10 110

190
382
3 145
3 139
10 119

190
190

12
12

35
10
17
13
16

10
I

19
14
13

57
57

360
20
23

182
't04

565
227

20
103
162

ó0 4 415
60 4 415

58 14 135109

t'il,tT8.3 1984 4FAL
M!¡f8.3 1984 YEAR

Mr,tT8.3 1985 1r.rrN
r.rlrT8.3 1985 2sPR
Mr.tT8.3 1985 3sur,l
r'rL¡T8.3 1985 4FAL
r'fl.JT8.3 1985 YEAR

r'rLlT8.3 ',l98ó 1[¡tN
l,r!¡T8.3 198ó zsPR
l'rlrT8.3 198ó 3suH
r'ft1T8.3 198ó 4FAL
l,[¿T8.3 198ó YEAR

t'tr.tT8.3 1987 1r,¡tN

r'ftrT8.3 1987 YEAR

MIJT8.3 ALL ALL

50 500 900 3.4
19 7æ 800 14.0
39 943 2133 12.2
21 735 &7 14.0
29 790 1230 12.4

20 700 1100 5.7
20 700 1100 5.7

38 U5 1263 1ó.0

10 1.09 't3.6 9.0 ?2027 13.1
't0 1.09 13.6 9.0 22027 13.1

1.40 1.7 12.3 18233 10.ó
31 0.70 22.6 10.5 17571 10.2
16 0.ó3 25.1 6.9 22396 13.3
87 0.90 13.5 11.2 21633 12.8
87 0.81 18.5 9.8 20303 12.0

3 1.30 7.6 1't.6 18933 11.0
17 0.n 19.2 7.9 15282 8.7
19 0.57 25.',t 5.9 20957 12.4
22 1.03 12.2 10.1 23092 13.8
22 0 .84 17 .7 I .3 ',t9692 11 .6

6 2.10 3.2 15.6 20800 12.3
6 2.10 3.2 15.6 20800 12.3

87 0.91 16.9 9.3 20285 11.9

97 &2 790 8.2
97 &2 790 8.2

50 65 630
25 1025 892 20.5
30 897 2263 13.3
35 1108 1327 36.5
32 976 1408 24.7

12 100
12 100

15 470
13 32
13 23
12 182
't3 't't8

10 ó30
I 175
13 20
10 117
10 157

5 410
5 410

3æ
3ó8
'l 55
395
3 120
3 128
'10 1 09

185
3ó8
3 140
3 103
10 102

40
40

45
15
72
t5
56

40
32
57
60
49

ó0
60

52

1

1

21

110
110

101 11 141
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I'tAX

TOTAL P DIS-P ORf -P NO23-},I NH34.}¡ TKN SI CHL-A CHL-A SECCHI TEI'IP D.O. COND SALIN

SEG YRMO OBS PPg PPB PPB PPB PPB PPB PPB PPB PPB I.IETERS DEG.C PPM UHOS PPT

200 0.0
300 0.0
317 0.0
400 0.0
400 0.0
100 0.0
100 0.0
129 0.0
167 0.0
333 0.0
313 0.0
300 0.0
363 0.0
243 0.0
304 0.0
137 0.0

1 8510
1 8511
1 8512
1 8ó01
1 8602
1 8ó03

8407
8408
8409
841 0
8411
8412
8503
8504
8505
850ó
8507
8508
8509

8ó04
8ó05
8ó0ó
8ó07
Bó08
8ó09
8ó1 0
Bó1 1

861?
8701
8702
8703
8704
8705
870ó
8707

53
32
34
37
36
39
65
33
5ó
62
52
64
33
46
41
32

157
13
27
23

1

1

2
¿

1

I
2
2
2
2
2
2
2
z
1

1

0
0
2
2
2
2
2
2

2

2

12 7 1430
12 9 1480
13 7 1113
15 10 1200
15 7 1520
22 14 1195
33 11 ',1045

18 5 8ó5
14 11 845
37 16 845
26 4 933
36 7 581
83592

24 19 1053
22 15 940
15 10 1320

40 200 16É.5 13.5
20 213 1520 1.0
20 262 1013 11.0
48 38ó 434 8.5
20 260 636 7.0
65 353 2440 1.5
92 329 1845 16.0
46 203 1515 5.8
111 304 375 12.5

905 9.8
710 16.'.1

&5 7"3
450 8.2
1385 4 "3470 3.7
2650 0.8

1855
1970 ó.0
645 12.5

76 400 1225 13.0
31 475 570 7.2
14 415 645 11.8
3 415 635 10.8

22 400 710 11.4
69 400 2190 2.1
50 290 2580 0.ó
72 260 2560 0.7
37 260 1070 1.1
40 260 ',t520 4.3
52 490 2160 6.7
43 395 ó90 22.4
52 410 990 11.5
61 3ó0 1300 9.7

14 0.60 27.4 7.2
1 0.90 27.8 6.1

13 1.00 23.5 6.7
13 1.50 18.1 7.5
7 1.?0 15.7 8.0
2 1.00 2.8 13.3

31 0.35 ó.8 13.3
7 0.70 1?"7 10.8

19 0.80 19.2 7.5
13 1.15 23.4 5.9
24 1.10 26.9 8.0
7 1.10 26.7 6.4
9 1 .10 24.'.t 7.1
4 0.85 17.9 7.5
4 1.00 13.6 9.5
1 0.90 3.6 12.7

34
ó8
44

69
34
30

2
2
2
2

47
45
34
43
33
33
33
37
40
37
29
29
34
82
40
38
35

21

12
6
9

10
9

12
9

17
12
12
14
13
18
9

12
I

8 1490
9 1280
5 1140
4 691
3 580
4 950
4 1025
ó 990

11 10ó0
7 1230

11 1700
I 2,140
I 1380
9 1105
4 876
4 1085
5 920

0.45 5.8 12.0 1005 0.3
10 0.55 12.5 10.5 90 0.0
19 1.05 20.0 8.ó 241 0.0
15 0.70 24.6 6"9 211 0.0
9 1.?0 27.7 6.3 294 0.0
15 1"00 25.4 7.2 ?73 0.0
14 1.10 22.3 7.8 320 0.0
12 1.10 19.0 8"6 337 0.0
2 1"00 6"2 11"9 182 0"0
1 0.80 5"4 11 "6 179 0.0
1 1.40 2.2 13.0 227 0"0
1 2.60 3.0 13.4 293 0.0
4 0"ó0 6.9',t2"4 182 0"0
7 0.45 10.3 11.4 166 0.0

37 0.90 16.5 10.3 223 0.0
18 0.80 23.4 7.4 278 0.0
12 1.10 27.4 6.7 309 0.0

2 8407
? 8108
2 8109
2 8410
2 8411
2 841?
2 8503
2 8504
2 8505
2 850ó
2 8507
2 8508
2 8509
2 8510
2 8511
? 8512
2 8601
2 8602
2 8603
2 8604
2 8ó05
2 8606
2 8607
2 8608
2 8609
2 8610
2 8611
2 861?
2 8701
2 8702
? 8703
2 8701
2 8705
2 8706
2 8707

490
239
446
144
236
?59
1 104
347
459
467
4æ
492
465
449
230
2 7'l
't 56
0
470
466
466
467
46?
461
460
462
254
253
249
236
261
174
470
451
413

26 13 1363
18 8 948
14 I 607
18 11 718
18 11 999
24 14 12?5
19 10 1010
18 7 899
14 8 773
28 14 676
29 12 48
39 23 220
32 17 263
24 16 628
11 18 900
41 16 1235
22 12 1440

19 9 '.1103

14 I 1273
11 14 940
20 13 7?9
24 13 378
23 15 585
22 11 372
16 11 596
18 1 1 1020
18 13 1323
17 15 1670
10 4 1&3
9 5 1155
14 9 1099
11 5 854
13 9 774
20 16 515

726 7 "21050 10.2
859 12.0
914 ó.0
8't1 6"6
955 3.6

2513 0.8
2650 0.7

1811 3.0

8ó
49
47
18
71

107
64
94

58

67 308 2058 11.0
59 216 1458 10.5
6'.t 224 1224 9.8
75 334 ó38 12.7

102 372 530 10.3
100 312't725 4.5
59 327 1629 15.4
54 262 1773 9.7
& ?76 363 14"6

27 0.28 26.1 7.2 150 0.0
14 0.ó5 26.5 7.2 1750 0.ó
12 0.71 22.4 6.9 5781 2.9
17 0.93 ',17.2 8.0 8667 4,6
'13 1.10 13.9 9.5 6913 3.6
6 0.75 4.5 11 .9 2617 1 .2

25 0.55 7.2 12.9 588 0.2
18 0.40 10.8 10.4 1211 0.5
19 0.50 18"8 8.2 166' 0.ó
14 0"45 22"7 6.9 1796 0.7
13 0.60 26"4 6.4 3n5 1.8
18 0.48 25.8 6.7 4635 2.3
9 0.ó8 23.8 ó.8 10016 5.5
14 0.90 ',17.3 8.5 6511 3.3
4 0.80 't3.ó 9.1 8029 1.2
1 0.55 4.8 12.1 1894 0.8
1 0.50 -0.0 13.1 1678 0.ó

5 0,35 6.111.8 997 0.3
13 0.33 11.3 10.ó 711 0.2
26 0.45 ',t9.9 8.8 1116 0.4
20 0.45 21.? 7 "6 3?2 0.0
15 0.80 26.9 7.1 3051 1.1
19 0.58 24.6 7.9 3058 1.1
41 0.55 21.6 8.1 4820 2.4
18 0.ó5 17.7 8.4 6607 3.5
5 0.80 8.2 10.7 2270 1.0
1 0.40 5.2 12.3 516 0.1
? 0.70 2.1 1?.9 1397 0.5
5 1"05 1.6 13.3 6151 3.1

62 0.85 7 .? 12.3 7166 3.7
't't 0.35 10.6 11.7 464 0.0
29 0.48 1ó.0 9.9 1700 0.6
18 0.ó3 24.5 7.1 1593 0.ó
9 0.95 26.9 6.7 3110 1.5

47 1911 5.5
31 218 20.3
66 625 1240 9.4
35 504 916 9.8
38 531 738 11.2
17 ó35 504 18.5
53 175 ó10 10.2
76 535 1165 4.6
62 390 2545 0.7
97 475 ?513 1,4
33 338 1408 4.3
19 600 '.t545 36.4
57 499 2046 8.ó
40 646 ó09 21.2
58 436 644 12"0

10ó 500 1213 6.6
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ilAX

TOTAL P DIS-P ORT-P NO23-N NH34-}¡ TKN S¡ CHL.A CHL-A SECCHI TEMP D.O. COND SALIN

SEG YRMO OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB iIETERS DEG'C PPM UHOS PPT

3 8407 10
3 8408 6
3 8409 10
3 8410 10
3 8411 5

3 8412 5

3 8501 1

3 8502 4
3 8503 10
3 8504 8
3 8505 10
3 850ó 10
3 8507 10
3 8508 10
3 8509 10
3 8510 10
3 8511 5

3 8512 5

3 8ó01 5

3.8ó02 5

3 8ó03 10
3 8ó04 10
3 8ó05 10
3 860ó 10
3 8607 10
3 8ó08 10
3 8ó09 10
3 8ó10 10
3 8611 5

3 8612 5

3 870't 5

3 8702 5

3 8703 I
3 8701 10
3 8705 10

3 8706 10
3 8707 10

57
43
50
41
29
32
30
26
99
47
56
46
59
80
57
43
49
42
33
40
58
46
37
41
59
69
51
55
41
44
46
41
48
47
36
45
67

82
40
49

19 11 Í165

16 11 414
21 10 173
18 10 26',1

20 14 373
16 8 717
12 7 546
10 7 417
35 6 ft62
26 4 719
21 6 332
22 11 285
178ó5
39 15 94
26 ',13 87
23 12 197
28 15 338
25 17 788
13 7 828
17 7 1031
20 7 955
10 7 1068
84450

15 9 278
22 10 59
26 15 79
21 15 121
25 16 198
26 18 396
15 9 732
18 11 U4
10 6 774
10 t+ 948
14 9 940
10 3 505
17 8 256
24 13 71

49 288 1570 9.8 19 0.80 ?5.2 7.2 1192 2.2
8ó 259 1520 13.7 20 0.97 ?5.6 ó.8 11289 6.2
102 337 1293 18.1 58 1.20 22.9 6.6 18327 10.7
80 321 985 14.0 29 1.57 18.0 8.0 19492 11.4
147 378 831 7.4 '12 1.58 14.5 8.8 20207 11 .9
120 350 7æ 8.4 12 1.92 5.4 11.9 11892 8.5
79 388 972 12.0 12 1.80 -0.6 14.1 19067 11.1
41 ?16 620 12.3 19 1.30 -0.3 14.9 24375 11.7
49 311 916 10.8 22 1.39 7.4 12.1 12160 7.0
48 299 892 17.9 35 1.09 11.3 12.6 105ó8 5.8
40 240 181 37.7 94 0.96 17.6 8.8 13962 7 .9

u9 7.7 21 1.18 ?1.7 6.1 ',14670 8.3
1574 24.2 112 0.85 25.4 6.9 17580 10.2
1527 13.5 22 0.88 26.0 6.4 19833 11.6
1101 9.6 27 1.00 24.6 7.1 23053 13.8
800 13.7 37 1.38 18.5 8.9 22077 13.1
ó38 9.6 16 1.14 14.5 9.6 22233 13.2
1583 2.8 4 1.30 7.6 11.1 11534 8.2
1&1 3.8 7 1.28 1.7 13.1 13760 7.8
1488 ó.0 I 1.00 0.0 13.0 11212 6.2
1321 5.4 9 0.6',1 5.ó 11.5 1037¿, 5.8
1277 10.5 22 0.77 11.4 10.5 7507 3.9
215 27.8 ó8 0.89 18.5 9.6 12578 7.0

T3 ó88 945 9.3 17 0.98 23.8 7.5 12209 ó.8
29 831 1493 23.9 67 1.16 ?6.8 8.1 16314 9.4
30 740 1342 20.7 54 0.79 25.2 7.9 16844 9.7
23 602 1198 12.9 28 0.95 22.3 7.7 19613 11 .5
31 415 823 9.2 ',16 1.43 18.5 7.6 20671 1?.2
148 ó00 882 5.8 9 1.U 10.5 10.2 't9542 11.5
112 407 1587 4.4 7 1.14 6.9 11.6 128?9 7.2
145 434 1484 5.9 9 1.56 4.1 11.4 16702 9.6
48 516 924 17.6 28 1.58 2.2 13.4 19047 11.1
?8 760 88ó 27.4 T3 '.1.04 6.8 12.7 15682 9.0
112 567 1353 6.4 14 0.70 11.1 10.3 6861 3.5
52 622 706 20.0 34 1.27 ',t4.9 9.2 15189 8.7
39 663 757 8.8 13 1.19 23.5 6.9 11531 B.?
59 576 1628 22.5 52 1.18 26.7 8.0 16016 9.2

42
72

127
137
74

114
105
67
17

4 8107 20
4 8408 14
4 8109 20
4 8410 20
4 8411 I
4 8412 10
/+ 8501 4
4 8502 I
4 8503 20
4 8504 20
4 8505 20
/r 850ó 20
4 8507 ?0
4 8508 20
4 8509 20
4 8510 20
4 8511 10
4 8512 10
4 8ó01 10
4 8602 10
1 8603 20
4 8604 ?0
4 8ó05 20
4 8606 20
4 8607 20
4 8ó08 20
4 8ó09 20
4 8ó10 19
4 8611 10
4 8612 10
4 8701 10
4 8702 10
4 8703 14

12 7 165
19 7 111
17846
13889
13 7 121
12 7 187
12 7 303
10 7 274
ó0 4 504
23 3 413
16 6 212
z',t 8 80
2266
23 14 33
22733
1',t ó 80
14 6 152
22 12 501
63181

11 5 585
10 4 748
53n1
5438/'
10 5 113
1797
14720
12539
165ó1
18 7 119
13 4 425
10 4 439
93465
81539

36
19
35
26
20
19
18
16
66
10
26
43
53
67
15
26
27
35
21

25
29
17
12
29
16
36
31
37
33
31
27
26
20

35 278 1226 15.0 3'l 1.44 25.2 8.1 11794 ó.5
55 30ó 1503 22.7 135 1.21 26.? 8.5 11967 8.5
78 280 831 11.3 20 1.80 23.1 7.1 23251 13.9
50 389 476 12.1 30 2.22 18.6 8.7 23998 11.4
58 376 522 10.0 14 ?.25 16.9 9.1 25200 15.2
51 506 533 9.4 13 2.58 6.8 12.2 241?0 14.7
31 418 454 10.8 14 2.',t3 1.1 ',t3.6 ?4375 14.7
40 215 439 10.3 15 1.80 -0.0 14.7 25492 15.4
17 223 355 6.5 13 2.53 7.2 11.8 20915 12.3
15 244 ú 21 .2 33 2.06 ',12.2 13 .7 19320 11 .3
31 275 76 12.8 29 1.ó8 ',17.5 8.7 ?1151 12.7
18
15

31
39
50
68

127
11

39
79
16
31

533 8.5 21 1.67 22.0 8.1 21808 12.9
't025 10 . 5 27 I .20 25 .8 7 .2 23245 13 .9
1081 17.2 ',t12 1 .52 26.0 6.8 25'144 15.2
679 5.5 12 1.53 25.0 7-3 ?7385 16.7
418 6.6 18 1.63 19.2 8.1 283?0 17.3
285 7.1 14 1.89 15.0 9.7 27322 16.6
956 3.0 4 2.04 8.1 10.7 21363 1?.7
958 7.8 12 1.87 2.8 12.? 21715 12.9
720 8.3 11 '1.69 0.9 12.8 19777 11.6
8ó0 6-3 12 1.48 5.4 11.9 17299 10.0
307 14.4 24 1.15 11.7 11.3 14190 8.0
119 4.6 8 2.85 18.4 9.1 18727 10.9

49 Tn 679 8.7 19 '.l .66 23 -3 7 .7 20151 12 .0
18 732 1222 22.1 157 '1.34 26.9 7.6 21707 12.9
41 50'l 1081 9.4 18 1.73 25.5 7.4 231'12 11.0
21 447 850 8.9 15 1.97 ??.5 7.9 25203 15.2
26 313 397 8.9 21 2.21 19.3 8.2 26302 1ó.0
76 491 621 11.0 19 2.59 11.ó 10.8 28778 17.6
80 369 902 6.2 9 2.11 7.7 11.1 21967 13.0
54 351 937 7.6 11 2.20 4.7 11.1 23273 13.9
17 387 637 8.5 13 1.92 2.',1 13.0 234?7 11.0
10 483 442 7.9 15 2.33 6.5 12.9 22471 13.4



D-3

CHESAPEAKE BAY I'lAI¡¡STEt'l DATA I{EANS BY SEGMENT AND llOtlTH

4 8704 20 30
4 8705 20 24

DEPTH <= 3 METERS PAGE 3
üAX

TOTAL P DIS.P ORT-P N023.}¡ NH34.N TKI¡ SI CHL.A CHL.A SECCHI TEi'IP D.O. COND SALIN

SEG YRMO OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB METERS DEG'C PPI'I UHOS PPT

9 3 576 50 58ó 493 19.7 36 1 .51 10.4 11 .8 17508 10.',1

9 4 351 26 542 359 14.8 34 2"10 15.8 10.6 19654 11.5
4 8706 20 36 14 6 33 29 &7 247 16.4 34 1.39 23.3 9.8 20896 12.3
4 8707 20 41 16 7 10 50 442 858 9.4 18 1.70 26.5 7.2 22782 13.ó

5 8/07
5 8408' 5 8409
5 8410
5 8411
5 8412
5 8501
5 8502
5 8503
5 8504
5 8505
5 850ó
5 8507
5 8508
5 8509
5 8510
5 8511
5 8512
5 8ó01
5 8ó02
5 8ó03
5 8604
5 8ó05
5 8ó06
5 8ó07
5 8ó08
5 8ó09
5 8ó10
5 8ó11
5 8ó12
5 8701
5 8702
5 8703
5 8704
5 8705
5 8706
5 8707

740
740
740
741
763
750
7 220
7 225
4 250
3 233
6 't67
426
56
59
48
53?
5 111
9 225
4 313
6 437
3 597
2 552
3 350
478
47
65
418
537
353
3 214
3 259
4 333
3 127
7 255
1 151
ó8
ó 10

5

5

6
6
3
3
3
3
6
6
6'
6
6
6
6
6
3
3
3
3
6
ó
5
6
6
6
6
6
3
3
3
3
6
6
5

6
6

33
32
28
2'l
20
18
15
11

ó0
15
18
39
35
36
46
22
46
22
20
21

21

13
12
22
40
27
19
31
26
27
28
25
16
21
22
33
35

12
13
15
12
1?
12
12
10
29
10
16
24
15
16
29
11

31
13
7

13
10
6
6
7

17
I
7

13
16
12
10
I
I

10
8

13
13

18
5

26
50
46
46

102
5

32
43
28
17

37 423 760 11.3
48 358 136ó 8.5
29 207 787 8.0
30 411 202 9.5
32 314 295 7.0
40 281 289 8.5
24 270 240 13.0
40 211 241 8.0
7 215 ó8 13.8

15 349 ?4 23.8
36 235 54 7.3

272 ó.8
ó38 4.4
411 6.2
526 4.2
1ó8 4.0
362 8.7
458 3.6
513 ó.0
515 5.9
472 6.4
19 12.7
60 3.7

't7 I .78 25 .0 7 .3 17306 10 . 0

11 1.78 25.6 7.3 17840 10.3
10 2.10 ?3.3 7.4 25156 15.2
14 2.30 18.7 8.9 253?2 15.3
7 2.67 17.8 9.1 26911 16.4

10 1.80 7.3 13.2 27058 16.5
14 2.20 4 .1 ',t3 .2 26000 15 .7
8 2.07 0.1 13.9 ?7356 16.7

24 2.32 8.1 11.4 23683 14.2
35 2"12 13.3 13.5 231',t5 13.8
16 2.78 17.8 8.3 23706 '14.2
10 1.97 22.5 8.9 24711 ',t4.9
7 1"65 26.3 7.0 26492 1ó.1
9 2"03 26.0 6.9 27689 16.9
ó 1.ó8 25.5 7.7 28151 17.2
7 1.63 20.0 7.8 31210 19.3

14 1.57 ',15.1 9.8 ?7839 17.0
7 2.30 9.7 10.0 26608 16.?.
8 1.93 3.9 12.0 26178 15.9
7 2.27 2.1 12.8 ?2758 13.6
9 2"05 5.1 12.4 20311 12.0

22 2.?8 11.8 11.4 19289 11.3
5 3.13 17.7 9"0 22628 13.5

11 1.85 23.4 8.2 21769 14.9
19 1.80 27.5 8.1 21243 11.6
15 1 .95 26.3 7 "1 27392 16.7
7 2.42 22.6 7.3 27925 17.1
10 2.63 19.5 7.8 28842 17.7
10 2-57 12.3 9 "9 29183 17.9
7 2.90 8.4 10.2 268',17 16.3

17 1 .77 4 .9 12 .7 26478 16 . 1

8 1.73 2.4 12.4 26222 15.9
8 2.97 6.5 12.8 23458 11.0

44 1.27 10.4 12.0 23761 14.2
14 1.ó0 17.3 12.0 21552 12.8
34 1.10 23.9 9.8 22538 13.4
12 2.03 26.6 8.0 25847 15.7

20 699 359 8.8
25 585 912 10.3
45 448 496 8.9
31 413 299 5.0
t+6 303 510 6.4
71 490 295 8.5
ó8 555 5',t7 5.2
13 375 590 13.3
12 358 4æ 6.3
15 406 33ó 6.0
17 65 43 3',1.9
13 771 75 35.1
16 747 195 17.9
39 426 253 7.3



E-1

CHESAPEAKE BAY I'IAINSTEI.I DATA I,IEANS BY SEGIIENT AND SEASON DEPTH <= 3 IIETERS
I'lAX

TOTAL P DTS-P ORT-P N023.}¡ NH34-N TKN SI CHL.A CHL-A SECCHI TEI.IP D.O. COND SALIN
SEG YR SEAS OBS PPB PPB PPB PPB PPB PPB PPB PPB PPB METERS DEG.C PPI.I UHOS PPT

1 84 3suf,l
1 84 4FAL
1 85 1r.¡rN

1 85 zsPR
1 85 3SUl'l
1 85 4FAL
1 8ó lt,tN
1 8ó zSPR
1 8ó 3SUl'l
1 8ó 4FAL
1 87 lrJrN
I 87 zsPR
1 87 3SUM

8 1284
10 1?79
11 1045
10 852
5 702

16 1091
8 1490
6 1037
4 852
7 ',t068
I 1740
5 1022
5 920

602 10.5
1173 2.9

4
4
2
6
6
4
2
6
6
4
3
6
2

38
37
65
50
50
4',1

47
4'.!

33
38
31
53
35

12
17
33
23
23
21
21
9

10
12
13
13
9

25 234 1303 9.1
45 346 9ú 6.4
92 329 1845 1ó.0
105 ?37 932 9.4

21

45
69 1855
46 400 1280 10.5
16 135 617 9.9
41 373 1548 6.4
50 260 1717 2.0
49 432 1280 13.5
61 3ó0 1500 9.7

14 0.88 25.5 6.7 283 0.0
'13 1 .23 13. ó 9 .1 325 0. 0
31 0.35 ó.8 13.3 100 0.0
19 0.88 18.4 8.1 210 0.0
24 1.10 25.9 7.2 325 0.0
4 0.90 13.3 9.3 232 0.0

0.45 5.8 12.0 1005 0.3
19 0.77 19.0 8.7 190 0.0
15 1.08 25.1 7.1 296 0.0
12 1.00 12.4'.10.? ?59 0.0
4 1.53 4.712.8 ?21 0.0

37.0.72 16.7 9.7 ?22 0.0
12 1.10 ?7.4 6.7 309 0.0

2 84 3suM
2 84 4FAL
2 85 'lr,¡rN

2 85 zsPR
2 85 3SUr,l

2 85 4FAL
2 8ó lrJrN
2 86 zSPR
2 86 3sur.l
2 86 ltAL
2 87 lnrN
2 87 2sPR
2 87 3suM

10 62
846
4 104

11 59
12 75
849'5 67

12 66
12 61
857
649

12 65
113

20 10 977
19 '.tz 915
49 10 1010
20 10 772
33 17 317
26 17 848
19 10 1410
15 1?. 981
23 13 115
17 12 884
12 I 1483
12 I 909
20 16 513

63 256 1604 10.4
88 345 883 10.0
59 327 1629 15.4
69 267 880 10.ó
48 941 9.3
78 1272 4.4
65 1979 2.5
48 625 1123 11.7
30 557 719 13.1
61 469 1233 6.4
50 471 1822 14.0
52 527 1099 13.9

10ó 500 1213 6.6

27 0.53 24.7 7.1 2723 1.3
17 0.93 13.2 9.3 6716 3.5
25 0.35 7 .2 12.9 588 0.2
't9 0.45 18. I 8.3 1589 0 . ó
18 0.58 25.3 6.6 6152 3.?
14 0.79 13.2 9.5 5T3B 2.9
5 0.38 5.1 12.1 1133 0.1

26 0.41 18.5 9.0 727 0.2
41 0. ó1 24 .4 7 .7 3643 1 .7
18 0.ó3 12.2 10.0 4000 2.0
62 0.87 4.1 12.7 5227 2.6
29 0.18 17.0 9.6 1252 0.1
9 0.93 26.9 6.7 3140 1.5

3 84 3sul,l
3 84 4tAL
3 85 lt.Jrl¡
3 85 zsPR
3 85 3sur4
3 85 4FAL
3 8ó lr.,rN
3 8ó zsPR
3 8ó 3suM
3 8ó 4FAL
3 87 1r,t¡N
3 87 2SPR

3 87 3SUM

26
20
15
28
30
20
20
30
30
20
18
30
10

51 19 11

35 18 10
75276
50?37
65 28 12
44 25 14
17177
11 11 7
ó0 23 13
19 ?3 15
16127
13136
67 24 13

495 78 307 1452 13.9 58 0.99 24.4 6.9 11381 6.4
403 107 342 898 11.0 29 1.66 13.9 9.2 18521 10.8
T2? 49 291 U1 11.2 22 1.39 4.8 13.4 16078 9.3
426 57 276 623 21.3 94 1.07 17.2 8.9 13245 7.5
82 44 1401 15.8 112 0.91 25.1 ó.8 20156 11.9

380 102 955 9.7 37 1.29 14.8 9.6 20230 11.9
942 99 1443 5.2 9 0.88 3.3 1?.3 11129 6.4
599 52 ó88 812 15.9 ó8 0.88 17.9 9.2 10765 5.9
87 27 724 1344 19.2 67 0.93 24.7 8.0 17590 10.2

381 80 459 1029 7.2 16 1.46 13.6 9.2 18428 10.8
871 66 602 10ó3 18.7 T3 1.33 4.8 12.5 16900 9.7
567 68 6't7 938 11.7 34 1.05 16.5 8.8 12194 ó.8
74 59 576 16?8 22.5 52 1.18 26.7 8.0 16016 9.?

4 84 3suM 54
4 84 4tAL 31
4 85 lntN 32
4 85 zsPR ó0
4 85 3sur,r ó0
4 85 4FAL 40
4 8ó 1r,¡rN 40
4 8ó 2SPR ó0
4 86 3SUr.t ó0
4 86 4FAL 39
4 87 1L¡IN 34
4 87 zsPR 60
4 87 3sur'r 20

7 114
7 121
5 421
6 235
924
8 203
4 611
4 423
722
51éó
4 487
4 320
7 10

39
23
48
36
55
28
26
19
38
34
24
30
41

16
13
42
20
22
14
9
7

14
15
9

11

16

s6 2Íß 1151 15.7 135 1 .51 24.7 7.9 1óBó1 9.8
51 363 498 11.0 30 2.33 14.9 9.8 24264 11.6
25 245 388 7.9 15 2.29 4.7 13.2 22492 13.4
22 254 232 14.4 33 1.80 17.2 10.3 208ó0 12.3
29 929 11.1 142 1.42 25.6 7.'.t 25258 15.2
74 519 5.8 18 1.80 15.4 9.2 26331 1ó.0
52 850 7.2 12 1.63 3.6 12.2 19030 11.1
32 Tn 3ó8 9.2 24 2.00 17.8 9.4 17789 10.3
27 557 1051 13.6 157 1.74 25.0 7.6 23441 14.0
52 38ó 579 8.8 24 2.29 14.5 9.6 25837 15.6
25 416 &5 8.0 15 2.'.17 4.7 12.5 22988 13.7
35 592 36 17.0 36 1.67 1ó.5 10.8 '19353 11.3
50 442 858 9.4 18 1.70 26.5 7.2 2?782 13.6

5 81 3suM
5 84 4FAL
5 85 IrJIN
5 85 zSPR
5 85 3suM
5 85 4FAL
5 8ó lrJrN
5 8ó 2sPR
5 8ó 3suM
5 8ó 4FAL
5 87 1r¡rN
5 87 2sPR
5 87 3SUM

16 31

12 20
12 37
18 24
18 39
12 28
12 21

17 15
18 29
12 29
12 21

17 26
ó35

740
749
5 236
4 142
58
ó 100
4 186
3 326
5 10
485
3 362
5 137
ó 10

14
12
20
16
?0
17
10
6

11
't4
I

11

13

20
ó0
31

37 327 948 9.3
33 354 247 8.ó
19 228 154 12.1
23 31 1 1'.t7 12.6

525 4.9
289 5.1
493 6.2

22 699 146 8.7
34 461 569 8.1
58 413 458 6.6
11 38ó 433 7.9
15 725 10ó 27.9
39 126 ?53 7.3

17 1.89 24.6 7.1 20233 11.9
14 2.27 15.ó 10.0 26153 15.9
?4 2.23 5.1 12.8 25181 15.2
35 2.29 17.9 10.1 23841 14.3
9 1.79 25.9 7.2 27144 16.7
14 1.78 16.2 8.9 29217 18.0
9 2.08 4.0 12.4 22390 13.3

22 2.42 17.7 9-5 22229 13.2
19 2.11 25.5 7 .5 ?6520 16.1
10 2.68 14.9 9.0 28121 17.1
17 2.36 5 .1 12.7 ?4904 1 5 . 0

44 1 .35 17 .2 1',1 .2 22680 13 . 5

12 2.03 26.6 8.0 25847 15.7
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CHL.A SECCHT TEMP

SEG YRMO OBS PPB METERS DEG.C

G-1

GROIJTH REGULAT¡ON FACTORS LII.IITING FACTOR FREOUENCIES

RELAT I VE

SI P,N,SI LIGHT PRODUCT. P ¡¡ SI OTHER

8503
8504
8505
850ó
8507
8508
8509
8510
851 1

8512
8604
8605
8ó0ó
8607
8ó08
8609
8ó1 0
8ó11
8612
8701
8702
8701
8705
870ó

? 16.0
2 5.8
2 12.5
2 9.8
2 16.1
2 7.3
2 8.2
1 4"3
1 3.7
1 0.8
2 6.0
2 12.5
2 13.0
1 5"2
2 11.8
2 10.8
?. 11.4

2"',|
0"ó
0.7
1.1

2 6.7
2 22.4
2 11.5
2 9.7

0.35 ó.8 0.814 0.978 0.974 0.814 0.045
0.70 12.7 0.641 0.972 0.960 0.&1 0.100
0.80 19.? 0.793 0.974 0.87J 0.793 0.140
1.15 23.4 0.847 0.976 0.946 0.&7 0.210
1.10 26.9 0.55ó 0.972 0.933 0.55ó 0.198
1 .10 26.7 0.734 0.960 0.928 0.734 0.180
1.10 24.1 0.530 0.9ó',1 0.890 0.550 0.154
1.10 17.? 0.857 0.980 0.970 0.857 0.126
1.00 13.6 0.857 0.976 0.904 0.857 0.08ó
o.9o 3.ó 0.800 0.982 0.981 0.800 0.0ó1
0.55 12.5 0.727 0.981 0.975 0.727 0.079
1.05 20.0 0.626 0.978 0.832 0.626 0.183
0.70 24.6 0.ó0ó 0.967 0.930 0.ó0ó 0.129
1.20 ?7.1 0.444 0.959 0.88ó 0.444 0.215
1.00 25.4 0.55ó 0.975 0.9?7 0.55ó 0.1&
1.10 22.3 0.575 0.976 0.926 0.575 0.154
1.10 19.0 0.676 0.976 0.911 0.676 0.126
1.00 6.? 0.815 0.978 0.978 0.815 0.08ó
0.80 5.4 0.737 0.981 0.981 0.737 0.054
1.40 2.2 0"815 0.98ó 0.981 0.815 0.',10ó

2.60 3.0 0"762 0.989 0.955 0.762 0.235
0.45 10.3 0.783 0"979 0.977 0.783 0.0ó4
o.90 1ó.5 0.580 0.9ß 0.924 0.580 0.158
o.80 23.4 0.580 0.978 0.950 0.s80 0.147
1.10 27.4 0.591 0.975 0.9ó3 0.591 0.198

0.35 7.2 0"801 0.9n 0.970 0.801 0.045
0.40 10.8 0"729 0.973 0.969 0"729 0.057
0.50 18.8 0.733 0"971 0.8ó5 0.733 0.088
0.15 22.7 0.834 0.9ó8 0.933 0.834 0"083
0.ó3 26.7 0.806 0.952 0.951 0.80ó 0.114
0.48 ?5.8 0.883 0.903 0.928 0"8ó0 0.078
o.ó8 23.8 0.841 0.913 0.946 0.841 0.095
0.90 17.3 0.8ó3 0.9ó5 0.939 0.8ó3 0.103
o.8o 13.6 0.875 0.976 0.949 0.875 0.069
0.55 4.8 0"8ó1 0.981 0.980 0.861 0.037
0,50 -0.0 0.828 0.984 0.981 0.828 0.038
0.35 6.4 0.780 0.983 0.971 0.780 0.045
0.33 11.3 0.731 0.981 0.974 0.731 0.04ó
0.15 19.9 0.714 0.974 0.794 0.711 0.079
0.15 24.2 0.794 0.9ó9 0.95ó 0.794 0.083
0.80 ?5.8 0.879 0.947 0.958 0.879 0.144
0.58 24.6 0.785 0.959 0.921 0.785 0.095
0.55 21.6 0.711 0.932 0.883 0.744 0.077
o. ó5 17 .7 0 .794 0.959 0.910 0 .794 0.074
0.80 8"2 0.814 0.978 0"955 0.814 0.0ó9
o.4o 5.2 0.832 0.982 0.981 0.832 0.027
0.70 2"1 0.855 0.98ó 0.980 0.855 0.053
1.05 1.6 0.ó15 0.985 0.9óó 0.ó15 0.10ó
1.00 8.8 0.545 0.981 0.970 0.545 0.128
0.35 10.ó 0"767 0"979 0.976 0.767 0.050
0.48 16.0 0.64 0.972 0.8ó3 0.& 0.083
0.63 24.5 0.711 0"971 0.907 0.71',1 0.115
0.93 26.9 0.8ó1 0.961 0.959 0.8ó1 0.1óó

1.39 7.4 0.ó8ó 0.972 0.943 0.ó8ó 0.167
1.09 11.6 0.578 0.9ó6 0.911 0.578 0.'.154
0.9ó 17.6 0.687 0.929 0.731 0.óó3 0.1ó8
1.18 21.7 0.790 0-921 0-912 0.790 0.215
0.85 25.4 0.r30 0.ó90 0.969 0.627 0.153
0.88 26.0 0.814 0.824 0.9ó8 0.796 0.145
1.OO 24.6 0.791 0.8?4 0.95ó 0.778 0.140
1.38 18.ó 0.794 0.891 0.937 0.794 0.155
1.11 14.5 0.830 0.945 0.922 0.830 0.098
1 .50 7.6 0.8ó8 0.973 0.969 0.8ó8 0.087
1.28 1.7 0.704 0.970 0"968 0.704 0.09ó
1.00 0.0 0.ó83 0.978 0.966 0.ó83 0.101
0.61 5.ó 0.721 0.976 0.9ó1 0.721 0.078
o .77 1',t .1 0 . óóó 0 .978 0 .9ó0 0 .&6 0. 1 10

0.89 18.3 0.580 0.947 0.755 0.571 0.15ó
0.98 23.8 0.ó80 0.922 0.911 0.ó80 0.179
1.16 25-7 0.790 0.ó55 0.969 0.621 0.206

0.50 0.000 0.000 0"000 1.000
0.30 1.000 0.000 0.000 0.000
1.18 0.000 0.000 0.000 1.000
1.91 0.000 0.000 0.000 1.000
2.17 1.000 0.000 0.000 0.000
1.31 0.000 0.000 0.000 1 .000
0.79 1.000 0.000 0.000 0.000
0.41 0.000 0.000 0.000 1.000
0.21 0.000 0.000 0.000 1.000
0.02 0.000 0.000 0.000 1.000
0.29 0.500 0.000 0.000 0.500
1.14 0.500 0.000 0.000 0.500
1.23 1 "000 0.000 0.000 0.000
0.ó9 1.000 0"000 0.000 0.000
1.31 1.000 0.000 0.000 0.000
1.00 0.500 0.000 0.000 0.500
0.92 0.500 0.000 0.000 0.500
0.08 0"000 0.000 0.000 1.000
0.01 0.000 0.000 0.000 1 "0000"03 0.000 0.000 0.000 1.000
0.09 0.000 0.000 0.000 1.000
0.23 0.000 0.000 0.000 1.000
1.50 1.000 0.000 0.000 0.000
1 .14 1 .000 0. 000 0 . 000 0 . 000
1 "51 0.500 0.000 0.000 0.500

0"33 0.000 0.000 0"000 1.000
0"36 0.335 0"000 0.000 0.667
0.87 0.500 0.000 0.000 0.500
0.47 0.000 0.000 0.000 1.000
1.19 0.000 0.000 0"000 1.000
0.94 0.000 0.000 0.000 1.000
0"62 0.000 0.000 0.000 1.000
0.48 0.000 0.000 0.000 1.000
0.17 0.000 0.000 0"000 1.000
0.01 0.000 0.000 0.000 1.000
0"01 0.000 0.000 0.000 1.000
0.0ó 0.000 0.000 0.000 1.000
0.13 0.250 0.000 0.000 0.750
1.15 0.250 0.000 0.000 0.750
0.66 0.250 0.000 0.000 0.750
1.4¿ 0.000 0.000 0.000 1.000
0.95 0.250 0.000 .0.000 0.750
0.91 0.500 0.000 0.000 0.500
0.40 0"000 0.000 0.000 1.000
0.15 0.000 0"000 0.000 1.000
0.01 0.000 0.000 0.000 1.000
0.02 0"000 0.000 0.000 1.000
0.12 1.000 0.000 0.000 0.000
0.4ó 1.000 0.000 0.000 0.000
0.23 0.000 0.000 0.000 1.000
0"93 0.500 0.000 0.000 0.500
1.07 0.500 0.000 0.000 0.500
1.30 0.000 0"000 0.000 1.000

0.67 0.500 0"000 0.000 0.500
1.35 1.000 0.000 0.000 0.000
3.36 0.400 0.000 0.1 00 0.500
1.39 0.000 0.000 0.000 1.000
2.{+2 0.200 0.300 0.000 0 ' 500
2.07 0.200 0.000 0.000 0.800
1.31 0.300 0.000 0.000 0.700
1.40 0.111 0.000 0.000 0-BB9
0.67 0.000 0.000 0.000 1 .000
0.13 0.000 0.000 0.000 1.000
0.12 0.ó00 0.000 0.000 0.400
0.16 0.ó00 0.000 0.000 0.100
0.18 0.200 0.000 0.000 0.800
0.5ó 0.700 0.000 0.000 0.300
2.17 0.889 0.000 0.111 0.000
1.34 0.ó00 0.000 0.000 0.400
3.80 0.200 0.600 0.000 0.200

1 8707

2 8503 4 1r.1
2 8504 3 9.7
2 8505 4 14"6
2 850ó 4 7"2
2 8507 3 10"2
2 8508 4 1?.0
2 8509 1 6.0
2 85't0 4 6.6
2 8511 2 3.6
2 8512 2 0.8
2 8ó01 ',l 0.7
2 8603 1 3.0
2 8601 4 5.5
2 8605 4 20.3
2 8606 4 9.4
2 8607 2 8.6
2 8ó08 4 11.?
2 8609 4 18.5
2 8ó10 4 10.2
? Í3611 2 4"6
2 t612 2 0.7
2 8701 2 1.4
2 8702 2 4.3
2 8703 1 11.0
2 8701 4 8.6
2 8705 4 21.2
2 8706 4 12.0
2 8707 4 6.6

3 8503 10 10.8
3 8504 7 18.6
5 8505 10 37.7
3 850ó 10 7.7
3 8507 10 24.2
3 8508 10 15.5
3 8509 10 9.6
3 8510 9 13 .7
3 8511 5 9.6
3 8512 5 2.8
3 8ó01 5 3.8
3 8602 5 ó.0
3 Bó03 10 5.4
3 Bó04 10 10.5
3 8ó05 9 28.1
3 8ó0ó 10 9.3
3 8ó07 5 26.8



G-2

GROI,¡TH REGULATION FACTORS
RELAT ¡ VE

SI P,N,SI LIGHT PROÐUCT. P N SI OTHER

1.83 0.000 0.400 0.000 0.ó00
1.23 0.000 0.500 0.000 0.700
1-07 0.11't 0.000 0.000 0.889
0.55 0.000 0.000 0.000 1.000
0.14 0.600 0.000 0.000 0.400
0.29 0.000 0.000 0.000 1.000
0.83 0.800 0.000 0.000 0.200
1.07 0.750 0.000 0.000 0.250
0.33 0.200 0.000 0.000 0.800
1.70 1.000 0.000 0.000 0.000
1.58 0.400 0.000 0.000 0.ó00
4.08 0.100 0.200 0.000 0.700

0.58 0.850 0.000 0.000 0.150
1 .58 0.158 0.000 0.789 0.053
1.43 0.31ó 0.000 0.632 0.053
1.69 0.118 0.353 0.000 0.529
1.15 0.05ó 0.833 0.000 0.111
2.51 0.000 0.450 0.000 0.550
0.83 0.250 0.300 0.000 0.450
0.75 0.3ó8 0.000 0.105 0.526
0.59 0.55ó 0.000 0.000 0.111
0.19 0.000 0.000 0.000 1.000
0.26 1.000 0.000 0.000 0.000
0.37 0.800 0.000 0.000 0.200
0.32 0.800 0.000 0.000 0.200
0.93 0.778 0.000 0.167 0.05ó
0.77 0.450 0.000 0.500 0.0s0
1.91 0.600 0.050 0.000 0.3s0
3.17 0.000 1.000 0.000 0.000
1.78 0.263 0.421 0.000 0.316
1.38 0.579 0.31ó 0.000 0.105
1.15 0.ó50 0.100 0.000 0.250
0.92 0.600 0.000 0.000 0.400
0.29 0.900 0.000 0.000 0.100
0.53 1.000 0.000 0.000 0.000
0.38 0.900 0.000 0.000 0.100
0.ó8 0.7Í36 0.000 0.000 0.214
1.3't 0.800 0.000 0.200 0.000
1-87 0.ó84 0.000 0.263 0.053
2.39 0.105 0.5?6 0.053 0.31ó
2.06 0.158 0.421 0.000 0.421

0.99 0.333 0.000 0.500 0.167
't.54 0.000 0.000 1.000 0.000
0.72 0.000 0.000 1.000 0.000
1.25 0.333 0.&7 0.000 0.000
0.62 0.000 1.000 0.000 0.000
1 . 15 0 .167 0.67 0.000 0 .167
0.57 0.500 0.500 0.000 0.000
0.13 0.167 0.167 0.500 0.167
0.54 1.000 0.000 0.000 0.000
0.24 0.000 0.000 0.000 1.000
0.25 1.000 0.000 0.000 0.000
0.37 0.667 0.000 0.000 0.333
0.42 1.000 0.000 0.000 0.000
0.ó1 0.000 0.000 1.000 0.000
0.ó9 0.400 0.000 0.ó00 0.000
't.80 0.667 0.333 0.000 0.000
2-82 0.000 0.667 0.000 0.333
1.79 0.333 0.500 0.000 0.167
0.93 0.667 0.333 0.000 0.000
1.01 0.833 0.000 0.000 0.167
0.67 1.000 0.000 0.000 0.000
0.27 1.000 0.000 0.000 0.000
0.48 'l .000 0 . 000 0. 000 0.000
0.30 0.667 0.000 0.000 0.333
0.55 1.000 0.000 0.000 0.000
1./+0 0.167 0.000 0.833 0.000
3.89 0.400 0.000 0.400 0.200
3.31 0.000 1.000 0.000 0.000
2.00 0.000 0.667 0.000 0.333

LIMITING FACTOR FREOUENCIES

CHL-A SECCHI TEI'IP

SEG YRI'IO OBS PPB MEIERS DEG-C

3 8608 10 20.7 0.79 25.2 0.838 0.ó93 0.963 0.688 0.130
3 8ó09 10 12.9 0.9s 22.3 0.820 0.746 0.9ó0 0.733 0.133
3 8ó10 9 9.3 1.43 18.3 0.802 0.881 0.939 0.790 0.1ó0
3 8ó11 5 5.8 1.84 10.5 0.8ó9 0.947 0.946 0.8ó9 0.150
3 8612 5 4.4 1.14 6.9 0.703 0.970 0.968 0.703 0.076
3 8701 5 5.9 1.5ó 4.1 0.808 0.974 0.96 0.808 0.115
3 8702 5 17.6 1.58 2.2 0.673 0.9ó9 0.948 0.673 0.157
3 8703 I 27.4 1.04 ó.8 0.ó00 0.974 0.946 0.ó00 0.132
3 8704 10 6.4 0.70 11.1 0.748 0.977 0.9ó1 0.748 0.100
5 8705 10 20.0 1.27 14.9 0.507 0.950 0.927 0.507 0.220
3 8706 10 8.8 1.19 23.5 0.716 0.909 0.933 0.716 0.217
3 8707 10 22.5 1.18 ?6.7 0.814 0.753 0.970 0.713 0.210

4 8503 20 6.5 2.53 7.2 0.ó00 0.952 0.&7 0.ó00 0.2n
/+ 8504 19 21.4 2.06 11.9 0.564 0.944 0.448 0.394 0.275
4 8505 19 1?..5 1.65 17.4 0.692 0.903 0.541 0.519 0.269
4 850ó 17 8.5 1.64 22.0 0.138 0.725 0.893 0.676 0.291
4 8507 18 10.5 1.18 25.8 0.674 0.397 0.953 0.39ó 0.211
4 8508 20 17.2 1.52 26.0 0.769 0.657 0.945 0.&6 0.241
4 8509 20 5.5 1.53 25.0 0.701 0.óó5 0.917 0.ó15 0.209
4 8510 19 6.6 1.63 19.2 0.697 s.827 0.850 0.ó89 0.180
4 8511 9 7.1 1.88 15.0 0.671 0.894 0.840 0.671 0.15ó
4 8512 10 3.0 2.04 8.1 0.821 0.9ó0 0.947 0.824 0.132
4 8ó01 10 7.8 1.87 2.8 0.535 0.951 0.949 0.535 0-137
4 8602 10 8.3 1.69 0.9 0.638 0.9ó0 0.932 0.ó38 0.1ó5
4 8603 20 ó.3 1.48 5.4 0.570 0.9ó9 0.937 0.570 0.182
4 8604 18 14.6 1.42 '.|',|.7 0.491 0.969 0.726 0.471 0.200
4 8ó05 20 4.6 2.85 18.4 0.ó11 0"941 0.573 0.443 0.400
4 ú06 20 8 .7 1 .6 23 .3 0 . ó58 0.837 0 .923 0. ó50 0 .294
4 t3607 10 31.3 1.34 26.1 0.778 0.500 0.9& 0.500 0.237
4 8ó08 19 9.4 1.69 25.6 0.7',13 0.614 0.948 0.618 0.261
4 8ó09 19 8.8 1.97 ?2.6 0.632 0.ó59 0.939 0.587 0.257
4 8610 20 8.9 2.21 19.3 0.651 0.755 0.879 0.634 0.226
4 8611 10 11.0 2.59 11.6 0.& 0.874 0.919 0.& 0.199
4 8612 10 6.2 2.14 7.7 0.ó10 0.952 0.947 0.ó10 0.138
4 8701 10 7.6 2.20 4.7 0.607 0.950 0.948 0.ó07 0.15ó
4 8702 10 8.5 1.92 2.'l 0.528 0.948 0.925 0.528 0.187
4 8703 14 7.9 2.33 6.5 0.ó01 0.953 0.894 0.ó01 0.269
4 8704 ?O 19.7 1.51 10.1 0.534 0.958 0.760 0.465 0.211
4 8705 19 14.8 2.09 '15.6 0.564 0.931 o.no 0.502 0.328
4 8706 19 16.4 1.39 23.2 0.679 0.571 0.738 0.535 0.253
4 8707 19 9.0 1.ó8 26.5 0.ó98 0.634 0.922 0.ó08 0.292

5 8503 ó 15.8 2.32 8.1 0.572 0.908 0.531 0.178 0.266
5 8504 6 23.8 2.12 13.3 0.5ó9 0.900 0.320 0.320 0.281
5 8505 4 4.0 2.90 ',17.2 0.710 0.88ó 0.553 0.553 0.400
5 8506 6 ó.8 1.97 ?2.5 0.ó1ó 0.5ó5 0.809 0.50ó 0.337
5 8507 5 5.3 1.& 26.1 0.665 0.288 0.929 0.288 0.287
5 8508 6 6.2 2.03 ?6.0 0.671 0.496 0.851 0.485 0.30ó
5 8509 6 4.2 1.ó8 25.5 0.ó01 0.497 0.887 0.449 0.226
5 85'10 6 4.0 1.ó5 20.0 0.ó51 0.735 0.ó20 0.545 0.181
5 8511 3 8.7 1.57 15"1 0.667 0.8ó1 0.833 0.&7 0.132
5 8512 3 3.ó 2.30 9.7 0.773 0.927 0.900 0.7f3 0.145
5 8ó0',r 5 ó.0 1.93 3.9 0.ó09 0.926 0.909 0.ó09 0.',t42
5 8602 3 5.9 2.27 2.',1 0.ó81 0.949 0.909 0.ó81 0.212
5 8ó03 6 6.4 2.05 5.1 0.507 0.961 0.894 0.507 0.247
5 8ó04 6 12.7 ?.28 11.8 0.461 0.958 0.270 0.270 0.2&
5 8ó05 5 3.7 3.12 18.3 0.519 0.935 0.513 0.464 0,416
5 8ó0ó '6 8.8 1.85 23.4 0.572 0.713 0.815 0.534 0.322
5 Bó07 3 12.6 1.80 26.7 0.ó39 0.539 0.951 0.539 0.303
5 8ó08 6 8.9 1.95 ?6.3 0.ó78 0.588 0.895 0.535 0.301
5 8ó09 ó 5.0 ?.42 22.6 0.589 0.641 0.820 0.571 0.301
5 Bó10 6 6.4 2.63 19.5 0.623 0.756 0.897 0.623 0.263
5 8ó11 3 8.5 2.57 1?.3 0.5ó9 0.830 0.851 0.569 0.200
5 8612 3 5.2 2.90 8.4 0.512 0.918 0.911 0.512 0.169
5 8701 3 13.3 1.77 4.9 0.545 0.914 0.921 0.545 0.131
5 8702 3 ó.3 1.73 2.4 0.622 0.932 0.903 0.622 0.171
5 8703 ó ó.0 2-97 6.5 0.552 0.943 0.8ó9 0-552 0.313
5 8704 6 31.9 1.27 10.4 0.68ó 0.915 0.407 0.381 0.179
5 8705 5 35 .1 ',l .60 17 .3 0 . 578 0 .820 0.553 0 . 509 0.263
5 870ó 3 25.1 1.10 24.1 0.713 0.5?2 0.óó8 0.508 0.202
5 8707 6 7.3 2.03 ?6.6 0.651 0.595 0.736 0.584 0.339



CHL.A SECCHI TEMP

YR SEAS OBS PPB I.IETERS DEG-C

H-1.

....::1li.l::Y!il:1_ li:l:f . -.. - RELAT rvE
P N SI P,ll,sl LIGHT PRoDUCT.

LII.IITING FACTOR FREOUENCIES

PN SI OTHER

1

I
1

1

1

1

85 1r.¡rN
85 2sPR
85 3sur,r
85 4FAL
8ó zsPR
8ó 3suM
8ó 4FAL
87 ILJIN
87 2SPR
87 3SUM

2 85 lrJrN
2 85 zsPR
2 85 3suM
2 85 4FAL
2 8ó lwrN
2 8ó zsPR
2 8ó 3suM
2 ú 4FAL
2 87 1r,rN
2 87 zsPR
2 87 3suM

3 85 1r.JrN

3 85 zSPR

3 85 3SUM

3 85 4FAL
3 8ó ILJIN
3 8ó zsPR
3 8ó 3suM
3 8ó 4FAL
3 87 ILJIN
3 87 2sPR
3 87 3sur'l

4 85 lwrN
4 85 zsPR
4 85 3suM
4 85 4FAL
4 8ó 1r.JrN

4 8ó zSPR
¿+ 8ó 3SUM

4 86 4FAL
4 87 lHrN
4 87 2sPR
4 87 3sur.l

5 85 lr.,t il
5 85 2SPR

5 85 SSUM

5 85 4FAL
5 8ó lrJrN
5 8ó zsPR
5 8ó 3suM
5 8ó 4FAL
5 87 lrJr N

5 87 zsPR
5 87 3SUM

0.35 ó.8
0 .88 18 .4
1 .10 25.9
1.00 11.5
0.77 19.0
1 .08 24.5
1.00 12.4
2.00 2.6
0.72 16.7
1.10 27.4

0.35 7.2
0.45 18.1
0.59 25.3
0.79 '13.2
0.38 5.1
0.11 18.5
0.ó1 23 "70"ó3 12.2
0.90 3"3
0.48 17.0
0.93 26.9

1 .39 7.4
1.07 17.6
0.91 25.4
1 .29 14.6
0.88 3.3
0.88 17 "8
0 .93 24 .1
1.46 13.2
1.33 4"8
't.05 1é"5
1.18 26.7

2.53 7.2
1.79 16.9
1.42 25.6
1.80 15.3
1.63 3.6
2.00 18.0
1 .73 21.5
2.29 14.5
2.17 4-7
1.66 16.3
1.ó8 26.5

2.32 8.1
2.26 17.7
1.80 25.9
1.78 16.2
2.08 4.0
2.38 17.8
2.11 24.9
2.68 14.9
2.36 5.1
1.35 15.8
2.03 26.6

0.814 0.978
0.760 0.974
0.ó0ó 0.964
0.838 0.979
0.653 0.976
0.541 0.972
0 .726 0.978
0.788 0.987
0.ó48 0.9n
0.591 0.975

0.801 0.977
0.769 0.970
0.847 0.920
0.8óó 0.972
0.789 0.983
0 .756 0.975
0.787 0.946
0.808 0.970
0.697 0.985
0.714 0.974
0"861 0.9ó1

0.ó8ó 0.972
0.697 0.937
0"778 0.779
0"823 0.927
0.707 0.975
0.644 0.949
0.821 0"707
0.793 0.921
0"678 0.973
o-657 0.945
0.814 0.753

0.600 0.95?
0.662 0.862
0.716 0.579
0 .7?.4 0.878
0.578 0.962
0.590 0.911
0.ó95 0.ó20
0.644 0.834
0.581 0.951
0.591 0"823
0.ó98 0.ó34

0.572 0.908
0.622 0.771
0.614 0.435
0.ó85 0.815
0.576 0.949
0.517 0.8ó5
0.635 0.ó00
0.582 0.815
0.5ó8 0.933
0.ó53 0.797
0.ó51 0.595

0.974 0.814
a.926 0.760
0.9't7 0.60ó
0.952 0.838
0.912 0.ó53
0.919 0.541
0.945 0.726
0.9ó8 0.788
0.950 0.ó48
0.963 0.591

0.970 0.801
0.918 0.769
0.941 0.838
0.952 0.866
0.973 0.789
0.908 0.745
0.914 0.787
0.939 0"808
0.975 0.697
0 .916 0.714
0.959 0.8ó1

0.943 0.ó8ó
0.856 0.ó88
0.9& 0.734
0.941 0.823
0.9e 0"707
0.891 0.ó41
0.9ó3 0.692
0,949 0.788
0.952 0.678
0.940 0"657
0 .970 0 .713

0.847 0.600
0.ó18 0.525
0.938 0.558
0.8ri 0.720
0.939 0.578
0.74',t 0.523
0.948 0.581
0.90ó 0.63ó
0.919 0.581
0.756 0.500
0.922 0.ó08

0.531 0.478
0.561 0.448
0.886 0.415
0.744 0.63?
0.902 0.576
0.534 0.120
0.87ó 0.550
0.889 0.582
0.890 0.5ó8
0 .5 15 0 .454
0.736 0.584

0.50 0.000
1.'t3 0.333
1.12 0.667
0 .21 0.000
0.89 0.667
1.06 0.800
0.48 0.250
0-0ó 0.000
0.96 0.667
1.51 0.500

0.33 0.000
0.59 0.273
0.89 0.000
0.29 0.000
0.05 0.000
0.65 0.250
1.03 0.300
0.24 0.000
0" 15 0.ó00
0 .74 0 .333
1.30 0.000

0.67 0.500
2.11 0.407
1.93 0.233
o.87 0.053
0"16 0./t00
1.33 0.724
1.98 0.040
0.69 0.211
0 "79 0.55ó
1.20 0.533
¿+. 08 0. 100

0.58 0.850
1.5ó 0.200
1.51 0.103
0.57 0.31ó
0 .32 0.850
1 .21 0. ó03
'1.98 0.333
0.88 0.700
0.49 0.882
1.85 0.534
2.06 0.158

0.99 0.333
1.22 0.125
0.79 0.?35
0.41 0.333
0.37 0.917
1.05 0.353
1.65 0.400
0.74 0.9'.17
0.47 0.917
2.70 0.214
2.00 0.000

0.000 0.000 1.000
0.000 0.000 0.667
0-000 0.000 0.333
0.000 0.000 1.000
0.000 0.000 0.333
0.000 0.000 0.200
0.000 0.000 0.750
0.000 0.000 1.000
0.000 0.000 0.333
0.000 0.000 0.500

0.000 0.000 1.000
0.000 0.000 0.727
0.000 0.000 1.000
0.000 0.000 1.000
0.000 0.000 1.000
0.000 0.000 0.750
0.000 0.000 0.7t0
0.000 0.000 1.000
0.000 0.000 0.400
0.000 0.000 0.667
0.000 0.000 1.000

0.000 0.000 0.500
0.000 0.037 0"55ó
0.100 0.000 0.667
0"000 0.000 0.947
0.000 0.000 0.ó00
0.000 0.034 0.?11
0.400 0.000 0.560
0.000 0.000 0.789
0.000 0.000 0.441
0"000 0.000 0.167
0.200 0.000 0.700

0.000 0 "000 0.150
0.109 0.491 0.200
0.517 0.000 0.379
0.000 0.053 0.632
0.000 0.000 0.150
0.017 0.224 0.155
0.500 0.000 0.167
0.050 0.000 0.250
0.000 0.000 0.'l'lB
0.172 0.172 0.121
0.421 0.000 0.421

0.000 0.500 0.167
0.250 0.6?5 0.000
0.706 0.000 0.059
0.083 0.250 0.333
0.000 0.000 0.083
0.118 0.529 0.000
0.467 0.000 0.133
0.000 0.000 0.083
0.000 0.000 0.083
0.214 0.500 0.071
0.667 0.000 0.333

2 16.0
6 9.4
ó 10.5
3 2.9
ó 10.5
5 10.1
4 6.1
2 0.9
6 13.5
2 9"7

4 15"4
11 10.ó
11 9.3
I 4.4
5 2.5

12 11.7
10 13.ó
8 6.4
5 4.4

1? 13.9
1 6.6

10 10.8
27 21.6
30 15.8
19 9"7
20 5.2
29 15.ó
25 18.8
19 7.1
18 18.7
30 11"7
10 22.5

20 ó.5
55 11.3
58 11 .1
38 5.8
10 7.2
58 9.1
t+8 13-7
40 8.8
31 8.0
58 17.0
19 9-0

ó 13.8
16 12"5
17 5.2
12 5.1
12 6.2
17 8"7
15 8.0
12 6.6
12 7.9
14 31.ó
6 7.3

0.045
0. 150
0.177
0.091
0.130
0.171
0.098
0.170
0.123
0.198

0.045
0.078
0.094
0. 078
0.044
0.0ó9
0.098
0.0ó1
0.089
0.083
0.1ó6

0.167
0.182
0.146
0.122
0"088
0"148
0 "147
0.'t3ó
0.135
0 "179
0.21 0

0.277
0.278
0.22'.1
0.162
0.167
0.301
0"255
0.197
0.212
0.263
0.292

0.266
0.332
0.272
0. 1ó0
0.212
0.33ó
0.301
0.224
0.232
0 -214
0.339


