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. ENDORSEMENT
The Chesapeake Bay Momlonng Subcommittee has reviewed the assumptions and

methods of data analysis used in this report and finds them appropriate for the analysis .

condwetzd. The findings of this report ase consistent with and supponed by the analytical
techniques employed. . ‘
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ABSTRACT

The Chesapeake Bay Program {(CBP)isa Federal-State partnership working to re-
store Chesapeake Bay. One of its primary goals is fo improve water quality and habitar
conditions for living resources. The CBP began monitoring water and habitat qualizy in
1984 and comtinues to sample the main stem and tributaries for their physical and chemi-
cal makeup. : :

Nuirient enrichment is a major water quality problem in Chesapeake Bay. Nutrients

Juel phytoplankson growth, which has an adverse (reduction) effect on dissolved oxygen
{DO) levels. Low DO levels threaten the existence of Chesapeake Bay's aquatic animals.

DO levels should increase if nuirient levels are reduced. A computer model pre-

“dicted that d 40-percent reduction in nitrogen and phosphorus would reduce nutriens

devels and cause an increase in DO levels in the main stem to Chesapeake Bay. Nitrogen

“and pha.fphom control programs have been initiated. Trend analyses, involving varions

criteria, were performed over an 8-year period (from October 1984 through S_;ptembcr
1992) 10 see how these programs affected water and habitat quality conditions in Chesa-
peake Bay.

Results of seasonal Kendall test analysis indicate that phosphorus levels decreased
Significantly baywide, especially in one upper Chesapeake Bay segment and two lower

Chesapeake Bay segments. There were also marginally significant improvements in phos-

phorus levels in two upper Chesapeake Bay segments and in one lower Chesapeake Bay
segment. Nitrogen levels were somewhas increased (marginally significani) in one seg-

-ment of Chesapeake Bay. Secchi depths showed no significant trends baywide; however,

there were marginally significant rrends (improvemenis) in upper Chesapeake Bay. DO
$rends were not statistically significans baywide; however, segments at the mouth of Ches-
apeake Bay showed marginally significant degradation.
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EXECUTIVE SUMMARY

The Chesapeake Bay Program (CBP) is a Federal-State partnership working 10 re.
Store Chesapeake Bay. One of its main goals is to improve water quality conditions for
living resources. The CBP stasted ambient water quality monitoring prograns for Chesa.
Peake Bay in 1984 10 characterize current water quality, to assess trends in water quality
over time, and to increase understanding of linkages between waster quality-and living
fesources. Currently, over 150 stations ii the tidal tributaries and main stem to Chesa-

base;l on similar ';alini!y circulation and geomorphology. ] . .
Nutrient enrichment is 2 major water quality problem in Chesapeake Bay. Spring-

~ and summer phytoplankton blooms, fueled by high nutrient levels, canse Jow dissolved

9xygen (DO) levels in the summer when the plankton die and dccompos_c. Low cop-
centrations of DO can be Jethal to Chesapeake Bay’s aquatic animals. Thus, summer DO
levels should improve if nutrient Jeve)s are reduced. . _ DL

A computer mode] of Chesapeake Bay waler quality predicted that 40 percent nitro-
£en and phosphorus load reductions would reduce ambient nuqrient levels sufficiently 10
ause an increase in DO levels in the deeper areas of the main stem to Chesapeake Bay.
The 1987 Chesapeake Bay Agreement and its 1992 amendments committed Pennsylva-
nia, Maryland, Virginia, and the District of Columbia to achieve a 40-percent reduction
of the 1985 nitrogen and phosphorus Joads entering the main sterm to Chesapeake Bay by
the year 2000. - - : :

Both point source and nonpoint source reductions of nitrogen and phosphorus loads
to Chesapeake Bay have been achieved since 1985. Trend analyses of ambient levels of

" nitrogen, phosphorus, DO, and related Waler quality parameters were performed 1o deter- -

mine how these sovrce reductions are affecting water quality conditions in Chesapeake.
Bay. :
Trends in Chesapeake Bay main 'stem_ levels of total phosphorus (TP), dissolved in-
organic phosphorus (DIP), total nitrogen (TN), dissolved inorganic nitrogen (DIN),

and were classified as marginally sufficient improvements (P<0.05) or significant im-
provements (P<0.01). Data from 49 main stem monitoring stations were spatially

Pparameters, but any trends that could have been caused by declining detection limits were
¢liminated, _ ' '
Parameters important to submerged aquatic vegetation (SAV) growth were analyzed
for trends over the whole year and also over the 7:month SAV growing season (Apri
through October). DO trends were only analyzed for the four wanm weather months (June
through September) when most Jow DO conditions occur. Percent change estimates were

*The Kendall slope is a measurement of wend expressed as mg/L/yr.
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_ based-on the mean concentration for the first water year {October 1984 through Septem-
ber 1985) and a projection for the last waler year based on the seasonal Kendall slope,

Interannual changes in Susquehanna River How could produce the appearance of
trends in water quality if there was a trend in flow, and water quality was. correlated with
flow; however, there were no significant trends in mean monthly Susquehanna River
flow over any time period. In contrast, there were significant positive and negative cor-
relations between the fog mean monthly Susguehanna River flow and upper Chesapeake
Bay water quality, but they did not follow a simple pattem. _

TP concentrations showed a statistically significant downward trend (P<0.01) bay-
wide, especially in one upper Chesapeake Bay scgment and two lower Chesapeake Bay .
segments. There were also marginally significant improvements (P<0.05) in two upper’
Chesapeake Bay segments and in one lower Chesapeake Bay segment. The median bay-
wide percent change (decline) in TP over 8 years (1984 .to 1992) was 16 percent, plus or
minus 8 percent (90 percent confidence interval). DIP showed significant downward
~ trends over 12 months at the mouth of Chesapeake Bay and over 7 months {April through
October) in central Chesapeake Bay, but the trend was not significant baywide. © *

TN concentrations showed a marginally significant increasing trend {degradation,
P=0.027) in Mobjack Bay, Including the mouth of the York River; however, there was no
significant trend baywide or in anv other segments. The possible increase in TN in Mob-
jack Bay was probably related to similar upward trenids in TN in the York River. DIN
showed no significant trends in any segments, although high detection timits made it im-
possible to assess trends in nitrogen concentrations in several lower Chesapeake Bay '
segments. ' _

Secchi depths showed no significant trends baywide over a period of 7 or 12 months -
or for any segment over 12 months. There were marginally significant upward trends
(improvements) in upper Chesapeake Bay over the 7-month SAV growing season (April
through October). These trends may be related to statistically significant inverse correla-
tions between the April-through-September Secchi depth and the mean monthly
Susquehanna River flow, although there were no significant trends in flow. Secchi depth
is not measured in the Susquehanna River, so it is not known whether there were trends .
in Secchi depth (here. '

DO concentration trends as well as trends in several metrics calculated from the

_ concentraticn were examined. These trends included oxygen delta (the difference be-
tween DO at saturation and the actual DO concentration) and DO deficit {converiing the
delta concentration to the mass of DO that would have to be added to bring alt the water
in.that segment to saturation). The volumes of water in each segment that were below .
four banchmark DO concentrations (5, 3, 1, and 0.2 mg/L) were also analyzed for trends.

DO concentration and the four metrics for volumes below specific concentrations
had no statistically significant trends (P>0.05) in any segments in the June-to-September
period. The mouth of Chesapeake Bay showed marginally signiftcant degradation in both
DO delta and DO deficit. However, DO-concentrations are generally high in the mouth of
Chesapeake Bay and DO delta is quite low, so these trends are unlikely to have any nega-
tive impact on aquatic animais living near the mouth of Chesapeake Bay. '

Trends in Phosphorus, Nitrogen, 2nd Dissolved Oxygen, 1984 10 1982
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Executiye Summary Table, Summary of trend resulis {Oclober 1984 through September 1892).

Main Stem Cgp Segments
: No. of
Parameter Months A CB1 cB2 ¢B3 CB4 CB5 CBs CB7 CBs weg EE3
L 12 S ¥ R Y, T
oIP 2o~ - - L - e
DIp 7 - - - - ] - - - - - -
TN . 12 - - - - - - - - - DM -
-DIN 12 - - - - - - - + +. - 4 +
DIN 7 - - - - - - + + - + +
Secchi Depth - 12 - - - - - - _ _ _ _
SecchiDepth™ = 7 _ e
DO Concentration 4 _ . _ - - - L
DO Detta 4 e S T
DODeficit -4 _ _ - - - - - - DM - -
DO<0.2 4 - _ - - - - - - - - -
DO«i.0 4 - - - - - - - - - - -
DO<30 4 - . - L - - <2
DO<5.0 4 - - - - - o - -
Legend and note;

—Significant improvement (P<0.01),

IM-—Marginally significant improvement (P<0.05).

DM—.-Marginally significan! degradation,

Dash—No significant treng (P>0.05). : .
+—DIN trends could not be assessed in these segments because detection limits gid not stop-declin-
ing untit July 1990, - . '

7 months—Api} through October only, same ag SAV growing season in lower salinity zones; 4 o
months—June through Septemper only, used as period of anoxia in three-dimensional model analy-
ses, . .

DO data were not analyzed in EE3, )

See text for explanation of DO delta, DO deficit, and Do volumes below the four concentrations.
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INTRODUCTION

The Chesapeake Bay Program (CBP) is a Federal-St.aie partnership working 1o re-
Store Chesapeake Bay. One of the main goals of the CBP is to improve waler quality
conditions for Chesapeake Bay living resources. CBP’s water quality monitoring pro-
8rams were started in 1984 to chasacterize current water quality and to assess trends in
Water quality over time. Presently, over 150 stations are sampled once or twice a month
and analyzed for more than 20 physical and chemical parameters. _

A major water quality threat in Chesapeake Bay is low summertime concentrations

of DO, 2 condition which is potentially Jethal to Chesapeake Bay aquatic animals. Spring

" and summer phy_:op]énkton blooms, fucled by high nutrient levels, cause low DO levels

during the summer when thie planktort die and decompose. Thus, summertime DO Jevels

- should improve if nutrient Jevels are reduced.

A computer model of Chesapeake Bay water quality predicted that 40 percent nitro-

gen and phosphorus foad reductions would reduce ambient nutrient levels sufficiently to

cause an increase in DO levels in the deeper areas of the main stern of Chesapeake Bay.

The 1987 Chesapeake Bay Agreement and its 1992 amendments commitced Pennsylva-
nia, Maryland, Virginia, and the District of Columbia to achieve 2 40-percent reduction
of the 1985 nitrogen and phosphorus loads entering the main stem of Chesapeake Bay by

: lhc_ year 2000.

" Both point and nonpoint source reductions of nitrogen and phosphorus Joads to

Chesapeake Bay have been achieved since 1985.! Trend analyses of ambient levels of

nitrogen, phosphorus, DO, and related water quality parameters were performed to deter-

~ mine how these source reductions are affecting water quality conditions in Chésapeake -

Bay. - _
Trends in Chcsapcakc Bay main stem levels of total Phosphorus (TP), tota} nitrogen
(TN), and DO were analyzed over 6 years.2-4 This report updates the previous trend anal-

-yses using 8 years of main slem monitoring data, spanning October 1984 through

Sc'plembcr 1992

TP levels declined significantly berween 1984 and 1990; however, TN and DO Iev-
¢ls showed little or no change over the same period: %4 This update, with 2 additional

-years of data, was conducted to see if these trends continued. This update also added sta-

dissolved inorganic phosphorus (DIP), dissolved inorganic nitrogen (DIN), and Secchi .
depth (2 measure of water clarity). three parameters were added because their lev-
els affect submerged aquatic vegetation (SAV) growth’ and are also closely related to
phytopiankton growth.

METHODS

PARAMETERS ANALYZED AND DATA PREPARATION

-The CBP monitoring Program and details of sample collection and analytical chemn-
istry methods used are described in thres previous reports, 24 The following water quality
parameters were anatyzed in this report:

* TP concentration

Trends in Phosphorus, Nitrogen, and Dissolved Oxygen, 1984 1o 1992




DIP concentration

»

TN concentration

L]

DIN concentration
Secchi depth

* DO concentrmidn.

The following calculated metrics derived from the water quality parameters were
also anatyzed in this report: ' '

s DO delta: the difference between DO saturation concentration and observed
DO concentration

¢ DO deficit: the difference between DO mass at sauration and the observed
mass of DO _ B '
o Volume of water with DO concentrations below 5,3, 1, and 0.2 mg/L. ~ - '

A three-dimensional imexpol:nlor6 was used to estimate baywide main stem mean
concentrations and mean concentrations in each CBP main stem segment (CB1 1o CBS,
EE3, and WE4). (See Figuse 1.) Data from all sampling depths were used, exéept for
Secchi depth, which has only onz measurement per station. The annual periods used were

~water years (WY), from October :arough September (which include a complete hydro-
logical cycle). The monitoring data from October 193+ through September 1992 were
ased: the previous reports included data through Septeriber 1950. The possible outliers

" that were removed from nitrogen and phosphorus data in the two previous reports® 4
were checked by the data submiitters and were either verified or corrected. The Marylarid -
monitoring data used in this report were resubmitted in 1992, incorporating nurherous
data corrections; there were also corrections made to Virginia monitoring data in 1992.
Because the data had been verified or corrected, the analyses in this report used data as
currentlv stored in the CBP data base without deleting any possible outhers.

Duta were not adjusted for river flow. I the Chesapeake Bay monitoring program,
flow is only measured at the fall line stations, and only the Susquehanna River fall line
station at Conowingo, Md. is close enough to the main stem to have a direct impact on
it.7 Trend tests were performed on mean monthly Susquehanna River flow, and correla-
tions between fog mean monthly flow and all parameters were calculated 1o estimate the
" deoree of association. However, a simple flow adjustment in the main stem of Chesa-
peake Bay is not possible because it would assume that flow has either an immediate

efiect on concentrations or an effect after a fixed time lag. The effects of Susquehanna
" River flow on main stem water quality must be highly variable because “Chesapeake
Bay's response 1o a freshet is a function of Chesapeake Bav's recent history and cannot
be linearized or easily predicted.™ '

TREND ANALYSIS METHODS

Trend analyses of nitrogen, phosphorus, and DO were performed on monthly mean
concentrations, spatially interpolated in thres dimensions. Trend analyses of Secchi depth
were performed on monthly mean depths interpolated in two dimensions. Flow data used
were monthly means of daily Susquehanna River flows measured at Conowingo, Md.

e ——
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Relative Vokwmes of Main Stem Segments

CB8 WE4 kr3 iher

s

CB1

B2

. s MD/VA Llne:

dissolved inorganic phosphorus (DIP), dissolved inorganic nitrogen (DIN), and Secchi .
depth (2 measure of water clarity). three parameters were added because their lev-

els affect submerged aquatic vegetation (SAV) growth’ and are also closely related to
phytoplankton growth.

METHODS

. Figure 1. CBP rmain stem monitoring stations and segmrents,
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Nutrient and Secchi monthly means for segment EE3 were estimaied wilhout using dary
from the Maryland tributary monitoring stations i this segment because the tributary
data were not available for the whole time period. DO data were not estimated for seq.
ment EE3 because it has higher spatial variability than the other paramelers. Some of the
metrics used for DO were slightly different from those uszd before. Trend analyses were
performed only on interpolator output, not on concentrations observed at individuaj sta.
tions (except for flow). Trend analyses were performed on DO, which was not done
previously.? Trend analyses for some parameters were performed on Jata from either
April through October or June through,September to correspond with the period of maxi-
mum effects on living resources. A nonparametric trend test was substituted for the

parametric test used in the previous analyses. >3 . )

The trerid test used was the seasonal Kendall nonparametric test, which tests for-
monotonic trends. Monotonic trends need not be linear, but they arc.assumied to have a
slope that is consistently positive or negative.? Trends that change from positive to nega-'
tive slope (or vice versa) may not be detected. The previous nitrogen-and phosphorus
- reports used linear, quadratic, and cubic parametsic regression to assess both monotonic
and nonmonotonic trends. > ¢ The seasonal Kendall test was pesformed with 4.custom
SAS program!® using the niethod described by Gilbert.? ;

The séasonal Kendall test assumes the successive monthly values are independent
or have no serial correlation. This is not often true of Chesapeake Bay water quality
data>*: serial correlation tends 1o inflate the significance of the test.? There are modifica-
tions to the seasonal Kendall test that account for serial correlation; however, they -
assume that the correlation has a fixed structure, while the actal correlations are quite
variable. 34 Thus, the test was used without correcting for serial correlation. To account
for the possible inflation of significance levels that results from serial correlation, P val-
ues falling between 0.05 and 0.01 were termed “marginally significant” because their
actuil £ value might be more than 0.05, P values less than 0.01 were termed “significant”
because their actual P value was probably less than 0.05. A similar approach to determin-
ing significant trends with the seasonal Kendall test was +* :d and reported as part of the
1991 re-evaluation of the Chesapeake Bay nutrient reduction strategy,* except that mar-

_ ginally significant trends were not identified. S

The tables of seasonal Kendall test results list the sample size in months, the median

. trend slope in mg/L per year, and the Z** score for significant trend. A large Z score indi-
cates a statistically significant monotonic trend: Z between 1.96 and 2.58 was considered B
“marginally significant,” with P between 0.05 and 0.01; Z>2.58 was considered “signift- ;
cant,” with P<0.01. The 32 value for seasonality tests whether the trend is homogeneous
over different months. A small % value and a large P value (>0.05) indicates there were
no significant seasonal differences in the trend. (Trends were not upward in some seasons
and downward in others.) Almost all parameters in which significant trends were found
had homogenecus trends over different months. The resulis werz corrected for ties of

_concentrations from the same month that are the same in = ¢ morz successive years. The
results were also checked to see if ties affected more than 0 percznt of the results for any

=Wirer Quakity Charactzsization Report for the 1591 Rz-Evaluatics of 3¢ Cacsapeake Bay Nulrient Re-
Juction Sirateay,” tdratty, CBP. Annapoiis. Md. (1591,

++Test statistic used to drermine P value, :

e

w
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month. There were no cases when ties made up more than 50 percent of the observations
for any moneh, : :
Percent chmée over 8 years (1984 to 1992) is shown for parameters and segments

with Statistically significant and marginally significant trends. This was Calculated using

- the 1985 WY mean value (October 1984 through September 1985) and the Median slope

from the seasonal Kendall qest:

- __ Slope (Per Year) x 8 Years
Pereent Change = RSV Mea s 100

~ End Point = 1985 WY Mean +'[SIOpe (Per Yea'r) X 8 Years] .

Thus, the trend Tine Fepresents the same data as the percent change estimae. The
sdme percent change estimate could be calculated from the following equation:
| Pe ange = End Point-Start Point .,
. Pcmeﬂt Changc _—'_'W X 100 .

Trend lines and percent change estimates are only shown for parameters and seg-
ments with statistically significant or marginally significant trends.

Statistically significant and marginally significant trends were called either “jm-
provement” or “degradation » Declining levels are improvements for nutrients, DO delta,
DO deficit, and DO volumnes below specific concentrations. Increasing levels are jm-

provements for Secchi depth and DO concentration.

What improvament and degradation mean in terms of the CBP efforts 10 preserve
and restore Chesapeake Bay can be cvaluated using the habitat requirements and CBP
goals set for Chesapeake Bay’s living resources. These have been established for SAV
and for species sensitjve to low DO levels. If there is an improving trend in an area that
does n'ot‘currently' meet one of the SAV habitat requirements or DO goals. that rend will
aid in living‘rcsource Testoration effons, '

SAV habitat requirements have been established for three of the parameters ana-
fyzed: DIP, DIN, and Secchj depth. The habitar requirements represent the maximum

e ——
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ber in most of Chesapeake Bay.5 For this reason, trends in these three parameters were
evaluated over the whole year ( 12 months) and also over the April through October peri-
od (7 months). There are atso SAV- kabitat requirements for two parameters that were pot
analyzed in this report’: total uspended solids and chlorophyll a.

The benchmrks for improvements in DO are based on four target concentrations:
0.2, 1,3, and S mg/L. The 0.2 mg/L benchmark is based on the anticipated effect of the
40 percent nutrient reduction strategy!: a reduction in the volume of anoxic waters (de-
fined here as water with DO concentrations less than 0.2 mg/L). The last three |
benchmarks (1, 3, and 5 mg/L) were established by the Habitat Restoration Goal for

.DO.M :

ADJUSTMENTS FOR CHANGING DETECTION LIMITS

_ - CBP monitoring data have method detection limits (MDL), which represent the
Jowest detectable concentration of that parameter. Analytical results that are less than the
MDL are censored by setting them to the MDL and are identified with a separate vari-
able. Parameters with observations censored at the MDL pose two problems for trend
analysis: They may bias the slope, since the detection limit values are greater than the
true values, and they may produce a statistically significant trend when none existed if
the MDL changed consistently over time. The first problem is avoided by the use of me-
dians in the seasonal Kendall test. Censored data have no effect on the slope as long as
the censored values make up less than half of the observations.? Resolving the second
problem is more complex. Several of the parameters andlyzed had reductions in MDL,
and the seasonal Kendall test results were apparently affected by these reductions.

Reductions in MDL occurred in all four of the nitrogen and phosphorus parameters,
but detection limits did not change for DO or Secchi depth.-For nitrogen and phosphorus
parameters. below detection limit (BDL) values were set to one-half the MDL before in-
terpolation. as in the previous-analyses. For one parameter (TIN) the MDL reductions

. were small enough to be negligible.? The effects of moderate reductions in MDL, which

occurred in TP data, were checked by raising any lower values 1o the highest MDL dur-
ing the time period. When the detection limits went down substantially over time, as they

did for DIN and DIP, the possiblé effects were checked with four separate analyses, using .

two MDL adjustments and two time periods. These included setting BDL values to zero
and analyzing only data collected after October 1988, after the largest reductions in
detection limits had occurred. The appendix. provides a listing of the frequencies of BDL
values for DIP and DIN. o '

SUSQUEHANNA RIVER FLOW
Correlations between upper Chesapeake Bay water quality and Susquehanna River

flow were analyzed 10 examine the strength of any relationships. The flow data used were.

log-transformed monthly means of the daily flow at Conowingo. Md. Log wransforma-
ticns of {low data made their distribution claser to'a nerinat Jistribution. Because flow
data and water quality data tend to show serial correlation. Tz £ values listed are approx:
imate. The Pearson (parametric) correlation was performed with the correlation
procedurs in SAS.10 :

——————
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PHOSPHORUS.
The wo phosphorus parametérs analyzed were TP and DIP, which is the sarme as
Ofthophosphate (PO filtered). TP was chosen becauss it shows total enrichment for
- Phosphorus, while DIP is the form most readily utilized by Phytoplankion. The three
main stem laboratories changed methods for TP several times,3 but their methods were

. Produce a significant down trend that was caused by the fower MDL. To eliminate trends
that were due 10 MDL ‘changes, differeat approaches were used forTPand DIP. . :

TP, with moderate MDL reductions, was interpolated two ways; with BDL values
Set to one-half the MDL. and also with all values below the highest MDL rajsed to that

DIP had larger MDL reductions, so four different anialyses were performed: trends
over all 8 years and over 4 years, starting in Ociober 1988, when most detectisn limits

L. Eight years of data (1984 to 1992), with BDL data setto one-half the MDL,;
2. Four years of data (1988 1o 1992), with BDL data set to one-haf the MDL;
3. Eight years of data (198410 1992), with BDL data set to zero; :

4. Four years of dara (1988 10 1992), with BDL data set 1o zerg,

Because DIP is one of the SAV habita requirements, it was analyzed over 7 months
(April through October) as welj as over 12 months, 5o there were eight sets of analyses.
. for DIP. The results of these four BDL treatments were compared 1o eliminate any signif- _
icant trends that were caused by MDL changes. Statistically significant trends were

* Ifawend was significant over 4 years but not over § ychrs. there may be 2
nonmaonotonic trend that isunrelated to MDL changes. .

® Ifthere was a significant increase with BDL set 1o 2ero over 8 years but not
over 4 years, the increasing trend may be caused by lowering the early BDL
. values to zero. _
This approach to identifying rea) trends Was conservative because any trends that
appeared to be caused by declining MpL. were eliminated, However, it is still possible
that somie of the DIP trends identified were affected by MDL changes. :

NITROGEN

The two nitrogen parameters analyzed were TN and DIN. TN was chosen because it
shows total enrichment for nitrogen, while DIN includes the forms most readily taken by

—————
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phytoplankton. TN is calculated from total Kjeldahl nitrogen whole plus nitrite/nitrate
{NO~3) in zarly main stem data and from total dissolved nitrogen plus particulate nitro-
gen in later data. DIN is calculated from nitrite/nitrate plus ammonium (NHy). As with
phosphorus, the total parameter had method changes. although it had minimal MDL re-
ductions, and the dissolved inorganic parameter had no method changes and large
reductions in MDL.'* o

- The changes in TN MDL were small enough 10 have no effect on trends. )2 The de-
clining MDL for DIN were dealt with using the same four treatments-used for DIP,
except that trends could not be estimated for segments sampled by the Virginia Institute
of Marine Science (VIMS). This affected the four segments with a majority of VIMS sta-
tions: Tangier Sound (EE3), Mobjack Bay (WE4), and lower Chesapeake Bay segments '
CB6 and CB7. VIMS detection limits for DIN had a series of large reductions that con-
tinued-until July 1990, which left only 2 years of data after the reductions stopped. (See
Table A.2 in the appendix.) This was not enough time o evaluate whether any trends
were affected by declining MDL. - -

SECCHI DEPTH |

‘ Although Secchi depth has a lower MDL (0.1 meter), it did not change and it was
almost never encountered. Thus. shere were no MDL problems for Secchi depth. There
were mote ties in Secchi depth tian in other parameters, but they still did not exceed 50

‘percent for any month. ' :

DISSOLVED OXYGEN

Eight DO metrics were calculated and interpolated, and seven were analyzed statis-
tically for trend over the whole main stem and for each of nine main stem segments. DO

saturation trends were not analyzed, and data from EE3 were not analyzed for DO trends. 5
All DO metrics were analyzed for trend over the 4 warm weather months {June through ':1_ :
September) when low DO is most frequent. This time period is also used in the assess-
ment of low DO levels.in CBP time-variable model output. Other months were excluded _ \;
because they would tend 1o obscure any trends that occurred during the warm weather *
months. DO has no detection limits, since values of zero can occur. The following eight i ﬂ%

metrics were calculated:
1. Monthly mean DO concentration: An upward trend shows improvement.

2. Monthly mean DO saturation concentration: This is calculated from water
temperature and salinity'2 and expresses the potential DO concentration at
that temperature and salinity if the water was saturated with DO. Trends are
neither improvements nor degradation but represent changes in the amount
of oxygen that can be held in solution due to changes in water temperalure

* and/or salinity. For this reason, trends were not calculated for saturation; it
was used as an intermediate step in calculating the next 1wo paramerers.

3. Monthly mean DO delta concentration: This is calculated from DO satura-
tion minus DO concentration. To eliminate the efiects of any supersaturated
conditions, DO delta was set to zero if less than zero. A downward trend
shows improvement. (The DO conczntration is gatting closer to saturation.)

e
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4. Monthly mean DO deficit: This is caiculated from DO delta, converting it
from a concentration to the mass of DO that would need 1o be added to that
Segment to bring all areas up to DO saturation, DO deficit is the mass of
OXygen at saturation minus mass of oxygen present, omitting any supersaty-
ration. A downward trend shows improvement. (Less DO mass would need
tobelddedtoacbievesaﬂmtion.) o _

Jto 8. Monthly megn volume of water below four DO concentrations: 5, 3, 1, and

concentration,) o
| RESULTS AND DISCUSSION
SUSQUEHANNA RIVER FLOW

Susquehanna River flow datz were 'anajyzcd because some water éuality paramelers
may have positive or Hicgative correlations with flow. If trends in flow were similar in.

magnitude and direction to the trends in one of the Parameters analyzed and levels of that

above the 1950 to 1997 median for that month are shown in Figure 2. In an average year
there should be 6 months with flow-above the median and 6 months with flow below the

WY (October 1990 lhrough_February 199i), which produced the high total flow, fol-

lowed by 7 months of below-average flows.
Although there was a bimoda] patiem in total flows (see Figure 2), there were no

respoasible for any of the significant water quality trends observed. The levels of some of
the water quality parameters probably were related 1o interanpual changes in flow, but not
in a simple fashiop, :

the lagged correlations should pe stronger in segments farther from the fall line because it
takes water from the fal] line longer to reach these segments.
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Figure 2. Total annual Susquehanna River flow (bars) and number of months above medlan flow IIne
{waler years 1985 to 1992).

Table 1.

Correlations between log mean mon:hly Susquehanna River flow and mean rnonthly con-
centrations of water quality parameters (with £ values i parentheses).

Parameter  Months  With  CB1 cB2 cB3 CB4 CB5
™ 12 Flow NS NS —0.294 -0.426 -0.538
: (0.0037) (0.0001) - (0.0001)

P 12 Lag NS NS -0260 -0.314 -0.394
(0.0109) . (0.0019) (0.0001)

DIP 12 Flow NS -0290 -0361 -0.485 -~0.554
(0.0042) (0.0003) (0.0001) {0.0001)
oDip 12 Lag NS 0310 -0484 0359 ~-0.360
(0.0022) (0.0001} {(0.0004) (0.0003)

DIP 7 Flow NS NS -0.372 0468 —0.540
(0.0048) (0.0003) (0.0001}

DiP 7 Lag NS 0277 —0.483 NS NS

_ (0.0404) (0.0004)

™ 12 Flow 0.394 0.651 0.737 - 0618 0.547
{0.0001) (0.0001) (0.0001) (0.0001)} {0.0001)

™™ 12 Lag 0.285 0.545  0.672 0,715 0.573
(0.0051) - (0.0001) {(0.0C01) {0.0001) (0.000%).

OIN 12 Flow. 0432 . 0.660 0.775 0737 0.678

{0.0001) (0.0001)

(0.0001) (0.0001) (0.0001)

I
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Table 1, Correfations between log mean monthly Susquehanna River flow and mean monthly con-
‘centrations of watey quality parameters (with Pvalues in parentheses) (Continued).

Parameter Months Wih  CBI  CB2  cB3  cps ces
0310 0561 0663 G

DIN 12 Lag .66: 753 " 0.690
. _ _ {0.0022) (0.0001) (0.0001) (0.0001) (0.000%)
DIN 7 Flow 0568 0791 0813 0772  0.697
. - {0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
DIN 7 lag 0333 0476 ° 0380 ¢gags 0.384
' . . (0.0130) (0.0002) (0.0070) {0.0036) (0.0038)
Secchi Depth 12 - Flow -0418 -0382 -0272 pg NS
, (0.0001) (0.0001) (0.0300)
_Secchi_Deplh .12 Lag -0315 0404 -0.319 NS NS

. (0.0019) (0.0001) (0.0017)

SecchiDepth 7  Fiow 073 _0.578 0334 NS Ng
©0001) (0.0001) (o.0115)

Secchi Depth 7 lag -0274 0340 Ns - NS NS
- (0.0426) - (0.0112) .
DO 4 Flov:- 0398 0448 NS. NS NS -
‘ L (0.0242) (0.0102}
Do 4. Lag 036t NS NS NS  Ns
' (0.0461) _
DO Delta 4 Flow NS NS - Ns NS NS
DO Delta 4  Lag 098 NS NS -0.361 NS .
) : ' (0.0418) ‘ (0.0461)
DO Deficit 4 Flow . NS NS NS NS NS -
DO Deficit 4 Lag 0388 NS NS 0361 NS
‘ {0.0418) -~ {0.0481)
Legend and note:

. NS——Not Statistically significant {P-0.05).

Only Secchi depth showed the expected patiern of the strongest correlations in CB1
(or CB2 for lagged flow). This may be because Secchi depth has only one measurement
per station, while the values for the other water quality parameters were averaged over
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tive, presumably because higher Mow brings more sediment, which reduces water clarity.
Correlations with unlagged flow were stronger during April thmu"h Oc!ober than during
the whole year. .

Some of the DO metncs showed pos:twc corrclnuons with flow or lagged flow in
CB1 and CB2, but the conflicting nature of the correlations means they were probably
not. rnc:mmgful The correlations suggest that higher flow is associated both with higher
DO concentrations in the current and following months (improvement), possibly due to
increased aeration, but also with higher DO delta and deficit a month later (degradation).

PHOSPHORUS

Total Phosphorus

- Results show a statistically significant downward trend (improvement, P<0.01) bay-
wide, in upper Chesapeake Bay segment CB2, and in lower Chesapeake Bay segments
CB6 and CB8 (sec Table 2 and Figure 3), There were also marginally significant im-
provemenss (P<0.05) in upper Chesapeake Bay segments CB1 and CB3 and lowér :
Chesapeake Bay segment CB7 (see Tabie 2 and Figure 3). One scgment with a significant

trend (CB") had a barely significant seasonal heterogeneity: the 2 value was?20.6, slight- .
ly more than the critical value of 19.7. However, since only 3 months had increasing §
trends (November, Japuary, and Fo "rumy), the overall decline in CB2 appeared 10 be val- - 3
id. .

Changes in TP detection limits had little effect on the trend results. An mlerpolator
run with any values below 0.01 mg/L raised to that value had si gmﬁcam trends in the
same segments, with very similar slopes.

Figure 4 shows average monthly TP and DIP concentrations for each segment. DIP
(thin line) is shown for comparison to TP levels; it was also graphed separately. Segments
with statistically significant or marginally significant TP trends have a trend line connect-
ing the 1984 to 1985 mean and the 199} to 1992 projection based on the seasonal
Kendal! siope. '

" The median baywide pcrccm change in TP over 8 years (1984 to 1592), based on
the seasonat Kendall slope, was 16 percent plus or minus 8 percent (50 percent confi-
dence interval). This is stightly less than the previous baywide percent change estimate
for TP. which was 19 percent.3 One reason for the lower percent change is that March

" 1985 TP data, which were included in the previous analysis, were subsequently deleted
from the data base due to quality assurance problems and were not used in.this analysis.
Percent change values for individual segments are listed in Table 2.

The declines (improvements) in TP in upper Chesapeake Bay segments CB1, CB2,
and CB3 were probably related to declines in Susquehanna River falf line concentrations.
There were statistically significant {P<0.1) declines in ﬂow-adjus(cd TP concentrations at
the Susquehanna River fall line between 1984 and 1990, using both parametnc regres-
sions and seasonal Kendall trend tests.*

“B. Dobler. Maryland Depantment of the Environment {MDE). unpublished analyses.
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‘Table 2. Trend resuits for interpolated monthly mean total phosphorus by segment (12 montns).

ment  Sope ' x? %:
S:gap) mgﬁ’jyr Z Trend P Seasonal P Chapge

A - 000067 -272 00066 3.28 >095 g

- .CBI —0.001  -215 0032 1584 507 g
€82 - _9002° 287 o DOo42 2063 <005 . 29
CB3 0001 -248 0013 1359 502 47
cB4' . - . - NS - - -
cB5 - - N - - - -
CB6 -0.00092 -333 <0001 867 05 g
CB7 00008 -253 . 0,011 85 05 g9
C88  -0.0024 486 <0001 788 507 g
WE4 e a NS - s

. EE3 - _ - NS - - -

Legend and note:

The fotal number of months (M) for alt segments was 96 {October 1984 through
- Seplember 1992); aif depths; results shown for segments with significant
(P<0.01, underfined) trends and marginally significant (P<0.05) trends only, A
negative {down) trend shows improvement (jess phosphorus); NS—Not signifi-
cant (P>0.05). X2 seasonal and iis Pvalue (last two columns) are a test for ho-

~ . Possible causes of the declines (improvements) in lower Chesapeake Bay segments
CB6, CB7, and CB8 are less clear. None of the tributaries draining into these main stem
‘segments (Rappahannock, York, and James Rivers) had declining trends in TP over the
period 1984 to 1991.13 I fact_ all three fivers had some segments and seasons with sig-
nificant increases {degradation) in TP, including the segment at the mouths of the '

- Rappahannock and James Rivers.!3 The mouth of Chesapeake Bay (segment CB8) had -

" boih the highest concentrations (see Figure 4) and the largest percent change {see Table

2) of these three segments, suggesting that the TP declines in that segment might be re-
lated to changes in oceanic concentrations. . :




Trend overall
. main stem sagments

CEC MDD

Figure 3. Total phosphorus trends in Chesapeake Bay main stem segments (October 1584 through

September 1992).
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trends that were caused by MDL changes. Table 3 lists the resuits of these treatments
over 12 months and over the 7-month SAV growing season, for a total of eight sets of
analyses. Two trends thas appeared to be real occurred over 12 months jn CB8 and 7
months in CB4 (both improvemnents) and are shown in Figl_:re 3. Baywide, the trend was
not significant (see inset, Figure 5). ' l

—

Table 3. Trend resuis for inferpolated monthly mean levels of dissolvedi inorganic phosphorus by seg-
ment, using four different method delection kmit treatments.

' Yable 3a. BOL data setto one-half.

: - Main Stem CBP Segments
No.of  No. of Lo -
Months Years Al 81 cgz caa CB4 CBS CB6 CB7 CBS WE4 £k
B R I [
12 4 . - - - - . - - - "~ - DM -

7 I Y T R oM -
T4 - ) - Y Y I
Table 3b. BDL dala set fo zero,

Main Stem CBP Segments
No.of  No. of . . . : T
Months - Years A CB} g2 . CB3 CB4 ©B5 cBS CB7 CBs WE4  EE3
12 M e D D
12 4 - ~ - - - = - - - - DM
7 -8 - - - - - - - D . D.
7.4 = m i - - - - M -
Legend ahd nole: '
Significant improvement {P<0.01). :

" IM—Marginaly significant improverment (P<0.05),
D—Significant degradation {(P<0.01). :
DM—-Marginally significant degradation (P<0.05). _
Dash—No significant trend {P>0.05). :
*Trends that appear to be real, ie., not caused b’ydeclining detection limits.
7 months—Apri) through October-only, SAY growing season in lower salinity zones.

Figure 6 shows average monthly DIP concentrations for each segment, with BDL
values set to one-half the MDL (thick line) and 10 zero (thin Jine). Segments with statisti-
cally significant trends have two trend lines connecting the 1984 1o 1985 mean and the
1991 10 1992 projection based ©on the seasonal Kendall slope, one for BDL set to one-haif

{thick line) and one for BDL set to zero (thin Iine). In one segment these lines overlap
(CB4).

Details of the trend results from Table 3 that appeared to be real are summarized in
Tables 4 and 5. Percent chan &€ Was near 30 percent in both CB4 and CBS. Results over 4
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Middle Chesapeake Bay
(CB4)-7 months -

Trend overall
main stern segments
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Figure 5. Dissolved inorganic phosphorus trends in Chesapeake Bay main stem segments (October
1984 through Seplember 1992).
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sr— Censored data set to half of detection limit:

Censored data set to zero.
Note: Segments with trend lines had significant trends.
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Figure 6. Average monthly concentrations of dissolved inorganic phosphorus (1984 1o 1992).
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Censored data set lo zero.
Note: Segments with trend lines had significant trengds,
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Years are not shown sirice those analyses were only performed 10 assess the effects of
changing detection limits. : -

Table d. Trend results for interpotated monthily mean dissolved inorganic phosphorus by segment (12
months), '

Segment  BOL Slope v . %
" (CBP}  Treatmemt mgAAr 2z Trend P ___Seasonal P Change
Al - - -~ - NS _ - -
cBr . - R - NS o - -
CcB2 - - - NS o
. B3 - - - . Ns - -
ces - . - - NS - - -
.CBs | o - -+ - Ns - - -
CB6 - - - Ns. - “_. -
cB7 - o~ - NS - _
CB8 12 -000069 -375 Q00018 762 507 = a
.cB8 - ¢ ~0.00059  -236 0018 1177  »08 29
WE4 . - T NS - - - -
EE3 - - D -
"Legend and rote:

The total number of months {N) for all segments was 96 (Oclober 1984 through September
1992); ali depths; results shown for segments with significant (P<0.01, underiined) trends
and marginally significant (P<0.05) trends only. A negative {down) trend shows improvement
{less phosphorus); NS—Not significant (P>0.05). x2 seasonal and its P vake (last two col- -
urmns) are a test for homogeneity of the trend over different months. A P value of more than
0.05 indicates the trends were homogeneous. Where there are two slopes for the same seg-
ment, they “bracket” the true siope. )

Possible reasons for the declines (improvements) in DIP in middle Chesapeake Bay
(segment CB4) and the mouth of Chesapeake Bay (scgment CBS8) are not clear, DIP

~ The ecological significance of these trends in terms of SAV restoration appears (o
be be minimal because both of the segments that had significant down trends had already
achieved the SAV habitat requirement for DIP (0.0] mg/L in mesohaline regions and 0.02 _
mg/L in other salinity regimes3). The areas where DIP levels need 1o be reduced 1o per-
mit SAY growth are in tributary segments * ’

*“Water Quality Restoration Priorities for Living Resources Repont,” (drafl)..CBP_ Annapoiis, Md. (1993).
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Table 5. Trend iesults for interpolated monthly mean dissolved inorganic phasphorus by segment
(7 months, April through Oclober}. ' a

" Segment BOL Slope. . y & o
{CBP) Treatment mglyyr ZTrend -~ P Seasonal- P Change
Al - - ~ NS - = =
et . - ~ - NS - - -
CB2 - - . - - NS - - -
cB3 - - - NS = - -
CB4 2 -00003  -281 0005 187 095 31
CB4 o - -0.000267 -221  0.027 233 08" 28
ces - ~ - NS - - -
CB6 - - - NS - - -
CB7 - - - ‘NS - . -
ces - .- - NS, - - - ;
WE4 - - - NS - - - -
EE3a . - - . - Ns - - .- o 9%

{less phosphorus); NS—Not significant (P>0.05). «2 seasonal and its Pvalue (last two col-
umns) are a test for homogeneity of the trend over ditterent months. A P vaiue of more than’
0.08 [ndicates the trends were homogeneous. Where there are two slopes for ttie same seg-
ment, they "bracket” the irue slope. ' g )

NITROGEN

Total Nitrogen

There was no 5igniﬁcdnl trend baywide for TN (see Table 6 and inset, Figure 7).
There was a marginally significant increase {degradation, P=0.027) in segment WE4,
which includes the mouth of the York River (see Figure 7). : :

Figure 8 shows average monthly TN and DIN concentrations for each segment. DIN
(thin line} is shown for comparison to TN levels, it was also graphed separately. Seg-
ments with mareinally significant or statistically significant TN trends have a trend line
connecting the 1983 to 1985 mean and the 1991 to 1992 projection based on the seasonal
Kendall slope. '

The Yack of any TN trend in upper Chesapeake Bay is consisient with the flow-ad-
justed TN loads at the Susquehanna River fall line. Data from this station showed no
significant changes in loads (P>0.1) between 1984 and 1990.* :

-
=B Durec. il unpabinded unods s

e r———
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Table 6. Trend results for interpolated monthly mean total nitrogen by segment.

© Segmen!  Siope x? %
{CBP) molLlAr  ZTrend P Seasonal P Change
All = - NS - - =
C81° - - NS - - -
cB2 - - NS - - -
cB83 - ™= NS - - -
cB4 - - NS - - -
cBs - - . NS - - -
CB6 - - NS - - -
CB7 .- - NS - - -
cee . _ - -~ NS - - -
WE4 0008 2.21 0.027 574 >08 10
EE3 - NS - - - =

Legend and note; _ I L
The total number of months (M) for all segments was 96 (October 1984 through
September 1992); all depths; resulls shown for marginally significant (P<0.05)
trends only. A negative (down) irend sHows improvement (less nitrogen);
NS—Not significant (P>0.05). ¥? seasonal and its P value (Jast two columns)
are a test for homogeneity of the trend over different months. A Pvalue of
more than 0.05 indicales the trends were homogeneous. o

: The increase (degradation) in Mobjack Bay (segment WE4) is probably related to
increases in nearby tributary segments. York River tributary segments LE4, RET4, and
TF4 also showed significant TN increases (degradation).” Trend analyses by the Virginia
Department of Environmental Quality found increasing trends in both TN and chloro.
phyll a in all of the tidal sections of the York River.!3. o .

The general lack of significant trends in TN concentrations is consistent with TN
puint source load reductions over the whole watershed, which have been smaller than

percent between 1985 and 1991, based on watershed model load estimates.’ Point ,
sources of nitrogen comprise 23 percent of the watershed total loads and 46 percent of the
controllable loads (cxclnding atmospheric deposition). Nonpoint sources of nitrogen
comprise 68 percent of the watershed tora] loads and 54 percent of the controllable
loads.? : B :

Dissolved Inorganic Nitrogen

As was found for DIP, reductions in MDL. appeared to have a major impact on trend
results for DIN. For this reason, DIN trends were also analyzed four different ways:

1. Over ali 8 years:

- Ny - ) Fi
*Water Quality Characterization Report for the 199 Re.Evalvation of the Chesapeake Bay Nutiient Re-
duction Sirarepy.” tdraft). CBP. Annapolis. Md. {1991 . : '
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Figure 7. Total nitrogen trends in Chesapeake Bay main stem segments {October 1984 through
September 1992). ' :
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2. Over the Jast 4 years; :

3. Starting in Ociober 1988, when most detection limits were lowered,

4. With BDL set 10 either one-half the MDL or sel to zero to assess the effects
of BDL data on trends. ' '

Phere was no significant trend baywide over the &-year period (sec Table 7 and in-
soh Figure 9). None of the significant end results in Table 7 appeared to be real: the
significant trends i lower Chesapeake Bay segments CB6, CB7, WEA4, and EE3 could be
caused by declining detection limits. The significant improvements in total (baywide) and
other segments only appeared over 4 years (sec Table 7), so they were eliminated as
probable results of nonmonotonic trends. . -

Figure 10 shows average monthly DIN conicentrations for each segment, with BDL
values set to one-half the MDL (thick linc) and to zero (thin line). These lines usually
overlap, and the thin fine is only visible in a few segments. There is a pattern of increas-
ing concentrations followed by decreasing concentrations in the three upper Chesapeake
Bay scgments (CBI, CB2, and CB3) that are closest to the Susquehanna River and, thus, |
most affected by its flow. This pattem was not apparent in any other segments..' - .

SECCHI DEPTH

~ Results show no significant trend baywide (see inset, Figure 11) or for any segment
over 12 months (see Figure 11). There were marginally significant upward trends (im-

significant or marginally significant trends have a trend line connecting the 1984 1o 1985
mean and the 199] to 1992 projection based on the seasonal Kendall slope. The SAV
habitat requirement for light attenuation (KD), which is related to Secchi depth, was
often not met in segment CB2. The requirement was usually met in years with low flow
and not met in years with high flow. The KD requirement for this area (2.0 m1), js
equivalent to a Secchi depth of 0.73 m (using Secchi=1 45/KD3). In CB2, the KD/Secchi
requirement was met in 3 of the last 8 years (38 percent attainment). It was met in 1988

Figure 12 shows average monthly Secchi depths for each segment. Segments with
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Table 7. Trend resulls for interpolatec monthly mean levels of dissolved inorganic nlll'Ogen by Seng
using four dilferent method delection limit treatments.

Table 7a. Below.delection limit data sat to one-half.

Main Stemn CBP Segments
No.of No.of -
Months .Years Al CB1 CB2 CB3 ¢B4 .CB5 CB6 CB7 CB8 wes pgy
12 .8 - - - < - - I+ + IM n
12 4 M M T MM M = e
7 8 - - - - -~ - M [ M
7 4 1 WM t ] | M M I - -
" Table 7b. Below detection limit data set to zero.
Maln Stem CBP Segments .
No.of No.of _ ' - 7
Months Years Al CBI CB2 CB3 CB4 .CBS CBs CB7 CB8 WE4
12 R - - = = - - I+ I+ - M+
12 4 M ‘I b M- IME IME - =
7 8 - - - - - - ===
7 4 1m0 Y " I P
- Legend and note: ' a

I-—Significant impravement (P<0. 01 ).
IM—Marginally $~~“>ant improvement (P<0. 05)
Dash—No s&gmﬁcam trend {(P-0.05).

+These trends were not identified as real because detecnon limits in these segments continued 1o de-

cline until July 1950; therefore, the marginally slgnmcant 4-year frends could be caused by declining
delection limits.

7 months—April through October only, SAV growing season in lower salinity zones.

The annual pattern of attainment of the KD requ:rc:mcnt suggests an inverse correla-
" tion between Susquehanna River flow and Secchi depth in these segments, which was
found txex ‘lable 1). However, the lack of a significant monotonic trend in flow over this
period means that the marginally significant trends in Secchi depth in upper Chesapeake
Bav wer: n a simple consequence of atrend in flow.
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Table 8. Trend results for interpolated monthly mean Secchi depth by segment (7 months, April through
October). . .

Segment Slope 1 %
(CeP) © miyr ZTrend P Seasonal P Change
AR - - ~ NS - - -
cB1 0017 197 <005 492 w7 18
€B2 0.025 238  <0.017 B8.46 >0.2 34
CB3 - - NS - - -
cB4 - - NS - -
CB5 - - NS - - -
B - . - Ns - - -
cBr. . - - NS - - -
CBs - - - NS - - =
wEs - - LT I

_EE8 - NS - - -

. Legend and note:

The total number of months (M tor all segments was 56 {April 1985 through
September 1992); ait depths; results shown for marginally significant {P<0.05)
lrends only. No segments had significant trends over 12 months. A positive
(up) trend shows improvement (clearerwater); NS—Not significant {P>0.05).
%2 seasonal and its Pvalue (las! two columans) are a test jor homogeneity of
the trend over different monihs. A Pvalue of more than 0.05 indicates the
trends were homogeneous, .

DISSOLVED OXYGEN

Trend results for the two DO melrics that had significant trends are shown.in Tables
9 and 10. Table 9 shows results for DO delta, and Table 10 shows results for DO deficit,
both over the warm weather period (June through September). Trend results for DO con-
centration and the four metrics for volumes below specific concentrations are not shown

" because no trends were statistically significant for those parameters. Segment CB8

showed marginally significant degradation in both DO delta and DO deficit (see Figure
13).

*B. Dobler. MDE. unpublished analyscs. .
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DO delt is DO at saturation minus DO.
- DO deficit ls mass at saluration minus

mass present.
Trend overall _

main stem segments | . =

Mouth of Chesapeake

Bay (CB8-4 months,
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o sgnificant Tor]  sgubeant
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anure 13. Dissolved oxygen della and dissolved axygen deficit irends in Chesapeake Bay main stem
segmenis (October 1984 through September 1992).
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Table9, Trong results for hiémolated monthly mean dissolved oxygen deita by segment {4 warm
Weather Mmaonths, Jung through September). )

_ ment  Siope : x? %
. Sf&'ap) mglllyr  ZTrend P Seasonal  p Change

Al - = NS = z -
CB1 - - NS - - -
cB2 - - ' Ns - - -
cea’ - NS - - -
CB4 - - NS - - -
cBs - - NS - L
cBs - - - NS - - -
cg7 L - N - - -
CBs ' 0.038 250 = 0.012° 0.57 09 77
COWEs - L NS - - P
Legend and note;

The total number of months (A} for all segments was 32 (June 1985 through

- Seplember 1992); all depihs; results shown for marginally significant (P<0.05)

trends only. A positive {up) trend shows less desirable conditions {degrada-

.Figure 14 shows‘aircrage monthly DO and DO deha conccmration; for each 's'cg-'

“ment. Az DO (upper line) goes down in the summer, DO delta (lower line) goes up,
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Figure 14,  Average monthly concznlrations of disscivsd oxyger ans dissolved oxygen delta (1984 10 :
1982, _ i
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usually bad the Jowest total volume of water below 3 mgfl.. This is probably due 1o re.
duced stratification in low flow years.’

Table 10. Trend rasults for interpolated monihly mean dissolved oxygen deficit by segment {4 warm
weather monihs, June through September).

Segment Slope 12 . %
(CBF) kghyr ZTrend P Seasonal P Change
Al - - NS - - -
cB1 - - NS - - -
cB2 - - NS - - X
CB3 .- ‘NS - - -
cB4 - - NS - - -
CBS' - - NS - = e
CB6 - - NS - - -
cB7 - < . - NS - - o
CB8 1434 204 0041 017 098 88
WE4 - -  Ns - - -

*Uslits are kg x 101,

Legend and note:

Dissolved oxygen deficit is dissolved oxygen delta converted to a mass of oxy-
_ gen. The total number of months (M for all segments was 32 (June 1985

through September 1992); ail depths; results shown for marginally significant
{P<0,05) lrends onty. A positive (up) trend shows a movement toward less de-
sirable conditions (degradation); NS—Not significant (P>0.05). x? seasonal
and its P value (last two columns) are a test for homogeneity of the trend over
different months. A P value of more than 0.05 indicates the trends were homo-
geneous. DO data were not analyzed in EEQ. :

The marginally significant trends in two DO metrics at the mouth of Chesapeake
Bay (segment CB8) have no obvious potential causes. DO concentrations are generally
high in CB8 (see Figure 14) and DO delta is quite low, so these trends are unlikely-to
- have any negative impact on living resources in CBS. The high percent change values (77
and 88 percent) appear to be partly due to abnormally low values in the 1985 WY.

PLANS FOR FUTURE TREND ANALYSES

INTERPOLATING ABOVE AND BELOW PYCNOCLINE LAYERS AND SURFACE
AND BOTTOM LAYERS SEPARATELY

Several enhancements to the trend analysis methods are planned for the next trend
analysis update. The enhancements that may be implemented include imterpolating above
and below pycnocline lavers and surface and bottom layers separately. This will make it
possible to perform trend analyses of water quality in separate water layers. Trend analy-
ses of DO concentrations will focus on the bottom layer and the region below the
pyenocline, where almost all of the Jow DO concentrations occur. Trends in nutrient pa-

J—
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Tameters affeciing SAV growth, DIN, and DIP will focus on the surface mixed layer,
since SAV habitat requirements are defined only for surface concentrations.

ACCOUNTING FOR INTERANNUAL CHANGES IN FLOW

The seasonal Kendall est accounts for seasonal changes in flow within years, but
not for changes in flow between years. Interannual flow differences could be estimated

from fall line flow data; however, this is difficult in the main stem, where the faij Jine

may be quite far from the segment and flow from more than one river affects some seg-

ments. Flow effects will probably be estimated indirectly from the degree of stratification
Within each main stem segment, especially for DO _ _

ADDING PARAMETRIC_TREND TESTS - : ‘ -

" Software is currently being developed to streamline the autoregressive parametric
trend tests that were used in two of the previous trend reports. 3 # The advantages of these . -
tests are that they account for serial correlation in the data; therefore, the significance Jey-
els are more accurate and they can account for changes in detection Timits, IR

 ADDING TREND TESTS ON INTERPOLATED TRIBUTARY DATA

. The VOII;IiI'ICIﬁC. interpolator “oes not cum:ntlj operate in the tributaries, but there
are plans to develop this capability. This would permit the analysis of tributary water _
quality trends using the same methods and time periods used to analyze main stem trends.

SUMMARY

The trend results for phosphorus, nitrogen, Secchi depth, and DO are summarized in
Table 11, Because eutrophication is one of the main causes of low DO in Chesapeake

' ~ Bay, there should be improvements in DO where there are improvements (deciines) in

1. The nutrient declines, although statistically significant, may not have beén
large enough to improve DO conditions or they may not have affected
enough of Chesapeake Bay. Also, nitrogen has not shown significant im-

between nutrient reductions and DO improvements. Nutrients stored in sed-
iments from previcus years may promote DO de pletion,® although some

transfer of nutrients, organic matter, and DO also complicate any responses
of DO levels 1o nutdent reductions.

Improving trends in dissolved iNorganic nutrients and Secchi depths can also lead to
attainment of SAY habitat requirements if the 1equirements are not currently met. This
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should promote SAV restoration. Both of the sczments that had improving trends i DIp ' A
are already in attainment for those requirements, SO these trends should have Little impact
on SAV restoration. However, the improving trend in Secchi depth in one upper Chesa.

peake Bay segment (CBZ) may lead 1o an increased frequency of attainment of the Secchj .
depth requirement in that segment in the future. -

“Table 13. Summary of trehd results fOélober 1984 through September 1392), -

Main Stem CBP Segments
: " No. of : : )
Parameter Months Al CBY CB2 CB3 CB4 CBS CBE CB7 CBS WE4 EEa
TP 2 F M 1M - - 1 WM 0
DiP 12 - — - - - - - - _
DIP 7 o [ .
™ 12 - - - - - - = = = DM
" DIN 12 - = - = ===
DIN 7 - - - = -+ -
Secchi Depth fo - . -~ e e == -
Secchi Depth 7 MM - - = = e = -
DOConcentration 4 - = = = - = = = = = -
DO Delta. 4 - - = - - - - - DM -
DO Deficit 4 - _ ._ - - - - - DM -
DO<0.2 4 - - - - - - ~ - -
DO<1.0 4 - - - - - - - — - -
DO<3.0 4. - - - - - - - - _ _
DO<5.0 4 - - - - - - _ - - —
Legend and note: .

1—Significant improvement (P<0.01).
IM-—Marginally significant improvement (P<0.05}.
DM—Marginally significant degradation. -
Dash——No significant trend {(P>0.05). -
+—DIN Irends could not be assessed in these segments because detection limits did not stop declin-
ing uatil July 1990.

7 months—April through October only, same as SAV growing season in lower salinity zones; 4
months—.June through Seplember only, used as period of anoxia in three-dimensional model analy-
ses. .

DO data were not analyzed in EE3.

See text lor explanation of DO delta, DO deficit, and DO volumes below the four cencentrations.

I
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APPENDIX

' FREQUENCIES OF BELOW DETECTION LIMIT VALUES FOR
DISSOLVED INORGANIC PHOSPHORUS AND DISSOLVED INORGANIC NITROGEN
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Table A.1. Percent of observalions with below detection limil values for dnssolved morganuc phosphory

by segment, laboratory, and water year.

Laboratory  Year

% soL Mean MDL

Segment

CBY CRL/CBL
cB1 CRL/CBL
cB1 CRUL/CBL
CB1 CRL/CBL
_CBt CRL/CBL
CB1 CRL/CBL
cB1 CRUGBL
CB1 CRL/CBL
CB2 CRUCBL
CB2 CRL/CBL
C82 ~ CRUCBL
CB2  CRUCHL
cB2 CRL/CBL
B2 CRL/CBL
cB2 CRL/CBL
CB2 CRL/CBL
cB3 CRL/CBL
CB3 CRL/CBL
CB3 ° CRUCBL
cB3 CRL/CBL
CB3 CRL/CBL
CB3 CRL/CBL
cB3 CRL/CSL
CBa CRUCBL
CBs4 CAL/CBL
CB4  CRLCBL
CcB4 CRL/CBL
CB4 CRUCBL
CB4 CRL/CBL
CB4 CRUCBL
CB4  CRUCBL
cB4 CRL/CBL
CBS CRL/CBL
CB5 CRI/CBL

85 -
86

a7
88
89
90
91
92
85
86
a7
88
89
90
91
92
a5
86
a7
88
89
90
91
92
85
86
87
88
89
30

19.4
o
7.9

1.4

0.1

06

30.7
215

0.0055

0.0018

0.007
0.0016
0.0016

0.006
0.0016
0.0016
0.0006

0.0006

0,006

0.0016

e Tl S

e,
4okl
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Segment Laboratory Year %BOL Mean MDL

T e

—CBs CRL/ICBL 87 152 00016
CBs CRUCBL 88 0.9 0.0006
cBS  CRUCBL " 89 06 0.0006

cBs CRL/CBL 80 0 .-

'CBS'  CRLCBL o1 O

CBS CRUCBL 92 03 0.0006
. CB5  VIMS 85  81.8 0.01
. cBS VIMS 86 B9.4 0.0105
- ces VIMS 87 756 00101
- oBs - VIMS &8 376 . 0.0016
‘ 085  ViMs 8 - 274 0.002
CBs VIMS %0 62 0.0028
F:CBS  OVIMS. 91 181 0006
. CBs VMS © g2 78 0.0006
- CB6 VIMS 85 . 85.1 0.01
CBs VIMS 85 854 . 00105
CB6 VIMS 87 708 00104
© CB6& VIMS 88 -378 0.0016
CB6 VIMS 89 305 0.002
CcB6 VIMS © 90 625  pooo7
CBs VIMS 91 189 0.0006
cB6 VIMS 92 105  0.0006
CcB7 VIMS 85 83.5 0.0
cB7 ViMS’ 86 . 838 0.0105
CB7 VIMS 87 758 0.01
CB7 VIMS 88 342 00016
CB7 VIMS 89 25 0.0022
cB? VIMS 90 556  0.0028
. CB7 VIMS' 91 195 0.0006
cB? ViMS 92 106  0.0006
EE3 ©  VIMs 85 100 0.01
EE3 VIMS 86 100 00105
" EE3 VIMS 87 94.9 0.0094
EE3 VIMS 88 261 0.0019
EE3 VIMS 839 47.4 0.0016
EE3 VIMS 90 694 (o024

1984 10 1992
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Laboratory  Year

Segment % B0L  Mean MDL
EE3 VIMS 91 27.8 0.0006
EE3 VIMS 92 5.6 0.0006 -
WE4 VIMS 85 90.7  0.0099
WE4 VIMS 86  84.9 0.0105
WE4 VIMS 87 N7 0.0109
WE4 VIMS 88 403 0.0016
WE4 VIMS g9 283 00022
WE4 VIMS 90  58.3 0.0028
WE4 VIMS 91 11.9 0.0006
WE4 VIMS 92 2.8 ' 0.0006
CB6 oDu 85 362 0.01
CB6 ODU 86 63.3 0.01
CBs oDU 87 50 0.0053
- CB6 ooU 88 47.2 0.005
CBs -OpU ‘89 257 0.005
CB6 oDy 90 361 0.005 -
CB6 ODU - 21 44.4 0.005
c8s ODU 92 58.3  0.005
‘CB7 opu 85 32.3 0.01
cB7 oDy 86 527 0.01
cB7 opuU. 87 46.7 10,0052
cB7 oDU 88 2.7 0.005
CB7 obu 89 17.8 0.005
. CB7 obuU 90 23.1 0.005
CB7 oDU 91 23.6 0.005 -
- CB7 obuU 9z 44 4 0.005
CBS8 ODL_J B5 16.1 0.01
CB8 ODU - 86 389 0.01
cBS _ODU 87 29.2 0.0051
CBs ODU 88 26.1 0.005
ces ODU 89 9 0005
cBs oDy 90 7.2 '0.005
CB8 oDv 91 15 0.005

oDU g2 958 0.005

CBs

]
1

A

L
'

e kL e

e

el
da
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Table A.2. Percent of observations with below detéction fimit valuss for dissolved

segment, laboralory,

conslitvent parameter, and water year.

inorganic nitrogen by

Segment 'Laboralory' Parameter Year % BOL MeanMDL % of DIN
CBi CRLCBL  Both 85 0 - -
- CB1 CRUCBL NH, 85 139  0.0166 13
CB1 CRUCBL  NOz 85 o - -
CB1 CRL/CBL Both 86 0 - -
CB1 CRLACBL  NH, 86 28 0.003 03
CBI  CRUCBL . NOx 86 0 - -
CB1 CRL/CBL Both a7 0 - -
'CBi  CRUCBL NH, .87 0 - -
CB1i CRL/CBL NO2 87 0 - -
' CBI  CRL/CBL _ Both 88 0 - =
CBI  CRUCBL ".NH, 8 53 00 05
cB1 CRUCBL  'NOg 88 0 - -
CB1  CRUCBL  Both 89 0 - -
CB1  CRUCBL ~ NH;, 89 105  0.003 02
CB1 CRL/CBL ~ NO 89 0 - ~
CBf . CRUCBL - Both %0 0 ~ =
CB9 CRUCBL 'NH, . 90- & 0.003 0.3
CBi  CRUCBL NOm 90 o - -
CB1 CRUCBL Both 91 0 - ~
cB1 CALCBL  "NH, 91 15.4 0.003 0.3
CB1 CRUGBL  NOgx 91 0 - -
CB1 CRL/CBL . Both 92 0 - -~
' CB1 - CRLCBL NH, 92 2.5 0.003 0.3
CB1_ CRUCBL  NOy 92 0 - ~
cB2 CRL/CBL Both 85 0 - -
CB2 CRL/CBL NH, 85 0 - -
CB2 CRUCBL  NOu 85 0 - -
cB2 CRL/CBL  Both 86 0 - -
CB2 CRU/CBL NH, 86 0.9 0.003 1.4
cB2 CRI/CBL  NOzu 86 0 ~ -
cB2 CAL/CBL Both 87 0 - -
cB2 CRU/CBL NH, 87 0 - -
CB2 CRL/CBL NO2y 87 0 - -
ch2 CRL/CBL Both 88 0 - -

Trends in Phosphorus, Nitrogen, and Dissolved Oxygen, 1984 fo 1992

55




Segment  Laboralory Parameter Year % BOL MeanMDL % of pyy
caz CRL/CBL NH, 88 0.9 0.005 K A
cB2 CAUCBL ~ NOzn 88 0 - -
cB2 CRL/CBL Both 89 0 - -
CB2  CRUCBL NH, 89 09 0003 0.2
CB2 CALICBL  NOxy 89 0 - -
cB2 CRL/CBL Both 8- 0 - -
CB2  CRUCBL  NH, 90 5 0.003 03
cB2 CALCBL- NOg 90 0 - -
CB2 CRL/CBL Both 91 0 - -
cB2 CRL/CBL NH, 91 33 0.003 0.9
CB2 CRLCBL  NOp 91 0 - -
cB2 CRL/CBL Both 92 0 - -
'CB2 ©  CRUCBL ©  NH, 92 1.7 0.003 0.3
c82 CRLICBL  NOg 92 0 - -
CB3 CRI/CBL Both 85 -0 - -
CB3 CRUCBL-  NH, 85 2.9 - 0.0257 6.7
CB3  CAUCBL  NOp 85 0 - =
c83 CRUCBL Both .86 o - -
CB3 CRUGCBL  NH, 86 0 ~ -
CB3 CRUCBL  NOgx 86 0 - -
CB3 CRL/CBL Both 87 0 - -
CBa CRL/CBL NH, 87 O - -
C83  CRUCBL  NOp 87 0 - -
CB3  CRALCBL  Both 88 0 - -
B3 CRUCBL NH, 88 0 - -
CB3 CRU/CBL NO»5 88 0 - -
cB3 CRUCBL ~ Both 89 0 - -
CB3  CRUCBL  NH, 89 39 0.003 0.5
CB3 CRUCBL  NO g9 0 ~ -
CB3 CRL/CBL Both 90 0 - -
CB3 CRUCBL . NHq 30 44 0.003 - 0.7
C83 CRUCBL  NOx 90 0 - -
cB3 CRUCBL  Both o9 0 - -

. CBa CAUCBL NH, 91 . 4.3 0.003 7.8
c83 CRL/CBL  NOs 91 0 - -
CB3 CRUCBL Both g2 - -

I
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Segment Laboralory .Parameter Year % BDL Mean MDL % of DIN
CB3 CRL/CBL NH, g2 25 0.0097 1.7
CB3 CRL/ICBL  NOg 92 0 - -

. €84 - CRLCBL Both 85 0 - -

" CB4 CRL/CBL NH, 85 75 0.0293 19.2
CB4  CRUCBL - NO; 85 38 Y 22

. CcB4 CALCBL  Both 86 0 -~ -

- CB4 CRLCBL NH, 86 0.7 0.003 06
CB4 CRLCBL  NOz; . 86 0.1 0.0009 0.3
CB4  CRUCBL  Both g7 0 - -
CB4  CRUCBL  NH, 87 . o0 - -

. CB4 ° .CRUCBL ' NOjy 87 0.1 0.0009 0.3
CB4 CRUCBL ., Both @8 0 - A

B4 CRUCBL * NH, 88 57 - o005 250
CB4  CRUCBL NOy @8 0 - -
CB4 CALICBL  Both 88 - -0 - -
CB4 CRLCBL NH, 89 78 0.003 23
CB4 CRUCBL . NOxp 89 0 - -
CB4 CRULCBL  Both - 90 0 - -
CB4 CRLCBL NH, 80 10.3 0.003 4.8
CB4  CRL/CBL  NOg 90 0 - -
CB4 CRL/CBL Both 91 0 - -
CB4 CRL/CBL NH, 91 13.9 0.003 13.1
CB4 CRUCBL  NOz 91 0 - -
CB4 CRL/CBL  Both g2 0 - -
cB4 CRL/CBL NH, 92 1 0.003 13.4
CB4 CRUCBL  NO, 92 o - -
CB5 CRL/CBL Both 85 28 0.06 -
CBS CRUCBL ~ NH, 85 10 0.0242 30
CBs CRUCBL  NO,, 85 141 o004 34
CBs CRL/CBL Both 86 0 . =
cBs CRL/CBL ~ -NH, 86 06 0.003 0.9

. £B5 CRL/CBL ‘NO23 86 0 - - -
cBs CRL/CBL Both 87 0 - -
CB5 CRL/CBL NH, 87 0 _ -
CB5 CRUCBL NOy; 87 0 - -
CBS  CRUCBL Both 88 0 _ _
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Segment  Laboratory Parameter Year %BDL  Mean MOL % of DIN

¢85 CRU/CBL NH, 88 147 . 0.0043 >
CBS 'CRUCBL  NOg 88 0 - _
cBs CRL/CBL Both 89 0 - -
CB5 CRUCBL NH, 89 - 159 0.003 52
CB5  CRUCBL  NOg 89 0 - -
C85  CRUCBL - Both ~ 90 0 - -
cB5 CRL/CBL NH, =90 - 138 0.003 12
CcBS CRUCBL  NOp 50 0" - -
ces CRL/CBL Both 91 0 - -
cBs CRL/CBL NH, 91 20.8 0.003 207
¢85 CRUCBL  NOp 91 0 - - -
CBS  CRUCBL  Both 92 0 - -
CBS CRUCBL:  NH, 92 147 0,003 22,8
'CB5 CRLICBL  NOp 92 0 - -
CB5 VIMS Both 85  -22.3 0.0397 -
c8s VIMS NH, 85 259 00198 19.1
cBs VIMS NOz 85  33. 0.0199 228
c8s VIMS Both 88 . 181 0.0418 -
' CBS VIMS NH, 86 357 00215 13
CB5 VIMS NO 86 166 00198 26.7
cB5 VIMS Both 87 - 8.1 0.0254 -
€85 VIMS NH, 87 123 00155 14.7
CB5 VIMS NO23 87+ 318 0.0104 212
CBS ViMS Both 88 42 0.0161 -
CB5 VIMS NH, 88 12.2 0.0133 53.5
CB3 VIMS NO; 88 9.5 0.0033 9.5
CBS5 VIMS Both 89 5.5 0.0121 -
CB5 VIMS NH, 89 288 0.012 23
CBs VIMS NO2y 89 16 0.0021 7.2
CB5 VIMS Both 90 5.6 0.0075 -
CBs VIMS NH, 90  36.3 0.0094 235
CB5 VIMS NOj3 90 61 0.0024 19.9
CB5 VIMS Both 91 79 0.0045 -
cBs VIMS NHq 91 96 0.0038 8
ces VIMS NO3 91 14.7 0.0024 24.5
CB5 VIMS Both 92 ' 0.0046 -
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Segment  Laboratory Parameter Year %BDL  Mean MDL % of DIN
CBs ViMS NH, 92 16_.7 0.0039 1.2
CBS VIMS NOz 92 67 0.0023 312
CBs . VIMS Both 85 289 0.04 -
CB6 VIMS NH, 85 245 0.0193 25
cBs VIMS NOxn 85 296 0.0159 29
CB6 VIMS Both 86 1638 0.042 -
CBé VIMS NH, 86 . 335  0.0215 - 148
CBs VIMS NO2; 86 192 0.0198 26.6
CB6 VIMS Both 87 88 0:0212 -
CBS - VIMS NH, 87 1.3 0.0119. 128
CBs VIMS NOzg - 87 368" gomz  aug
CBs VIMS . Both 88 63 0.0162 e
cBs - VIMS NH, 8 10 00124  sg71
CB6 . VIMS NO4 88 . 143 0.0047 16

. CB6 VIMS Both g9 9 0.0121 -
CBS VIMS NH, 89 281  -0.0129 26.2
CB6 .ViMS NO; 8 2 0.0021 8.1
CB6 VIMS Both 90 19.6 0.0102 -
CBs VIMS NH: 50 284 00096 36.2
CB6 - VIMS NOz; 80 a5  gopoe 22

© CB6 VIMS Both 91 8.7 0.005 -
CB6 VIMS - NH, a1 11.1 0.0038 8.6
cBs VIMS NO,5 91 11.8 0.0024 28.7

. CBS VIMS Both 92 7 0.0046 -
CB6 VIMS NH, 92 255 0.0039 435
CB6 VIMS NOz; 92 8 0.0023 34.6
CcB7 VIMS Both 85 284  0.0398 -
CB7 VIMS NH, 85 233 0.0197 27.4
cB7 VIMS NO,s 85 315 0.02 25.2
CB7 VIMS Both 86 163 0.0415 -
CB7 VIMS NH, 86 329 0.0215 185
CB7 VIMS NO,3 86 208 0.0199 30 7
CB7?7 VIMS Both B7 10.8 0.0202 -
cB7 VIMS NHy 87 g2 0.0147 255
cB7 VIMS NOp a7z 39.6 0.0106 215
cB7 VIMS Both 88 6.8 0.0183 -
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Segment

Laboratiory Parameter Year

9% BOL  Mean MDL

% .of DIN

cB7
c87
CB7
ce7
cB7
c87
c87
c87
CB7
c87
cB7
c87
cB7
cB7
EE3
EE3
EE3
EE3
EE3
EE3
EE3
EE3
EE3
' EE3
EE3
EE3
EE3
EE3
EE3
'EE3
EE3
EE3
EE3
EE3
EE3 .

——

Ec3

VIMS
VIMS
VIMS
ViMS
VIMS
VIMS
VIMS
VIMS
VIMS
ViMS
VIMS
VIMS
VIMS
VIMS
VIMS
VIMS
VIMS
VIMS
VIMS
-VIMS
VIMS
VIMS
_VIMS
VIMS
VIMS
VIMS
VIMS
VIMS
VIMS
VIMS

VIMS .

VIMS
ViMS
VIMS
VIMS
VIMS

N,
NO2;
Both

NH,

NOz
Both
NH,
N023
Both
NH4

 NOz .

Both

NH4

NOzs
Soth
‘NH,
NOz3
Both
NH,
NOz;
Both
NH,
. NOx
Both
NH,
NO,
Both
NH4

Both

NH,4 -

NOx

Both -

NH,
Both

88
88
e
89

89
90
80
90

N
21

.9
g2
92

92
85

a5
85 -’

86
86
86
a7
a7
87
88
88
88
89
89
89
90
90
90
91
91
91
92

10.5
16.4
7.2
31.4
0.9
14.4
28.2
4.2
9.3
7.4
9.3
7.4
25.9
8.3
ar.i
5.7

257

211
44,7
26
7.7
26

436

2.8
13.9
19.4
135
27

19.4
36.1
5.6
1.1
111
25
13.9

0.0129
0.0068
0.0122
0.0321
0.0021
0.0103
0.0092
00023
0.0053
0.0036
0.0024
0.0045
0.0039
© 0.0023
0.0398
0.02
0.02°

0.0407

0.0214
0.021
0.02
0.021
0.0099
0.023
0.013
0.0054
0.0126
0.0121
0.0105
0.0095
0.0024
1 0.0049

0.004 -

0.0024
0.0045

679
20.4
37.3
8.1

45
12.9

9.1
.27.6

482
40.5

30.8
28

23.1
28

21.2
26.6

@

77.2
18.9

" 50.4

50.3
22.1

28.5

e —

60

Trends in Phosphorus, Nitrogen, and Dissolved Oxygen. 19841

o 1892 .

Lk e _M



vl

R

Segment Laboratory . Parameter Year . % BDL - Mean MDL % of DIN

EEJ

i EE3
" WE4
WE4

. WE4
WE4
WE4

'WE4
WE4
WE4

. WE4
WE4

. WE4

WE4

‘WE4

‘WE4
WE4

- WE4
WE4
WE4
WE4
WE4
WE4

WE4 -

WE4
CB6
CBe6
CB6
CBs

CB6

c86
CB6
CB6
CB6
cB6

WE4

VIMS

VIMS

VIMS
VIMS
VIMS

VIMS

VIMS
VIMS
VIMS
VIMS
VIMS
VIMS

CVIMS
CVIMS
VIMS

ViMS
VIMS
VIMS
VIMS
ViMs
VIMS
VIMS

© VIMS

ViIMS
VIMS
VIMS
ODU
obu
oDu
obu
obu
oDy
Gbu
oDu
oby
oov

NH,
NO2;
Bolh
NH,
NO23
Both
NH,4
MJ23
Both
NH,
NO2q
Both

NH,

NOz
Both
NH;4
NOoq
Bath
NHy
NOo,
Both
NH,
NQOos
Both
NH,
NO»,
Both
NH4
NO2y
Both
NH,
NO2
Both
NH,
NO,
Both

92
92
85
85
85
86
§6

86

87
87
87
88
Ba

B8

89
89
89
90

L)

90
91
9
92
92
92
85

- 85

85
86
86
€6
87
87
87
g3

O1l

LA
n.1

507

8.1
19.5
29.5
325
15.1
18.9

5

44

- 1241

218
21,5
10.8
s

4.7
33.3

167

146
16.7
7.6

201 .

5.6
229
12.5
208
14.6
47.9
10
33

18.3°

338
5.6
19.7

229

0.004
0.0024
0.0397

0.02

0.02
0.0412

0.022
0.0198
0.0236

 0.0124

0.01
0.0226
0.0129
0.0073
0.0124
0.0124
0.0021
0.0113

0.01
0.0023

10,0052

0.004
0.0024
0.0045

0.0039

0.0022
0.0174
0.01
0.01

" 0.0106

0.0056
0.0064
0.0106
0.0056
0.005
0.0101

B62.6

40,5

39.1
311

30 -
20.3°

27.7

243

796
21

48.4
12:1

62.3
16.2

14.2

24.3

60.1 -

293

246

28.1 .

247

36.8

172 -
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Mean MDL

Segmert  Laboratory Parameter Year % BDL % of DIN
CB8 ODU NH, 88 70 - 0005 439
c86 oDy NOz; 88 229 0.0039 233
CB6 oD Both . 89 8 0.0081 -

CBé oDL NH, 89 10.7 0.0056 28.8
CBE = ODU  NOg 89 67  0.0025 19.8
cas - ODU Both 5 208 0.0081 -
o6 oDu NH, 90 22.2 - 0.0056 38.1
CBs obu NO,3 90 4.2 0.0025 26.8
CB6 oDU Both g1 69 0.0081 -
CBs obu NH;4 8 222 0.0056 17.4
CB6 oou NOags 91 0 - -
cBs oou Both 92 344 00081 - _

" CB6 oDy " NH, 92 219 00056 ° 383 I

CcBs obu NOm - 92 . 47 0.0025 17 =
c87 oDU Both 85 354 00172 -
CB7 oDy NH, 85 108 0.0 26.6
CB7 - ooy NOx 85 36.9 0.01 333
CB7 oDy Both 86 204 00118 -
ce7 obu NH, 86 4.1 0.0056 6.9
cB7 ooy NO»y 86 306 0.0062 284
cB7 oDU Both B7 . 454 0.0106 -~
cB7 ODbU NH, . 87 46 0.0056 33
cey obuU NO,; 87 237 . 0005 24.8

- CBY obu Both 88 29.1 0.01 -
CB7 oDy NH, 88 4.1 0.0056 56.1
cB7 oDU NOo; 88 372 0.004 21.8
CB7 oDU Both’ 89 18.4 0.0081 -
CB? oDU NH, 89 10.5 0.0056 46.1
CB7 oDuU NOy5 89 18.4 0.0025 15.3
ce7 oDU Both 90 31.3 0.0081 -
CB7 oDy NH, 90 236 0.0056 48.6
cB7 ODbU NO,; 90 14.6 0.0025 . 7.1
co87 OoDU- Both 91 16.7 0.0081 -
CB7 ODU NF 91 222 0.0056 26.4
CB7 oDy NC;- 91 6.3 0.0025 19.7
CB7 opu Bcth 92 4.4 0.0081 -
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Segment  Laboralory Parameter Year % EDL MazaMDL % of DIN
4574 oDy NH, 92 223 €.0056 553
ca7 QDU - NOz 52 o 0.0025 19.6
CBB obu Both 85 297 0.018 -
CBB oDU NH, 85 4.2 0.0094 33.6
cee obu NOz a5 358 0.01 37.9

. CB8 oou Both 86 113 00113 -

- B8 ODU . NH, 86 4 0.0056 - 13.8
cBa ODU °  NOxm 86 268 0.0059 23
CB8 . ODU - .Both 87° 298  0.0106 -

“CB8 .- ODU-  NH 87 37 00056 385

" cBe oDy NOx 87  288.  .0005 283
CB8 QDU - Both- 88 - .259 00108 -
ces ODU - NH, 85 3.2 0.0056 “56.1

¢B38 oDU NO; 88 33 0.0042 255"
B8 - obu Both 89 138  0.0081 -
CB8 oDy NH,4 89 4.2 0.0056 40.4

B8 ODU NOgs5 B9 122 00025 157,
cB8 -opy Both 90 191 0.0081 -
CcBB ODU. . NH, 90 19 - 0.0056 50
CBB L oDu NO2» 90 9.6 0.0025 19
cB8 oDy Both 91 133 0.0081 -
c8 oDU NH, 81 167  0.0056 32,9
CBS obU NOz3 91 6.1 0.0025 17.2
cBs " ODU Both 92 399  0.0081 -
CBs obu NH,4 92 129 0.0056 53
cB8 oDU NOg3 92 56  .0.0025 18.6
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