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This is a preliminary report in a continuing study of nutrient
cycling in the Peel-Harvey Estuarine System. As such it presents the
current status of this study for discussion within the Peel Inlet
Study Group and others interested in the study. This discussion and
further analysis of the data in light of the results presented in the
other team reports will undoubfably lead to new interpretations of
some of the information presented in this report and possibly affect

the future efforts of this study.

Further work already planned is alluded to in the text of this
report. This includes further adsorption/desorption work
investigating the effects of pH and redox, the use of phosphorus—-32 as
a tracer to follow sediment phosphorus release and its uptake by
Cladophora (in cooperation with P.B. Birch), more field measurements
of sediment-water exchange of phosphorus in enclosures, and a better
analysis of sediment trap data as correlated to wind speed and

direction (in cooperation with R.J. Luketelich).

Inevitably some abbreviated descriptions have been used in this
report. "Peel" and "Harvey" are frequently used instead of the
correct forms Peel Inlet and Harvey Estuary; thus, "Peel sediments"
refers to sediments found in the Peel Inlet. Readers unfamiliar with
this estuarine system are advised to study Hodgkin et al. (1980). N
and P, of course, refer to nitrogen and phosphorus respectively.
Phosphate, orthophosphate and soluble reactive phosphate (SRP) are
used somewhat interchangeably. The measured form is most accurately

described as soluble reactive phosphate however.

The help and cooperation of all members of the Peel Inlet Study
Group is gratefully acknowledged. Several people should be mentioned
individually. Professor Ernest Hodgkin performed the difficult task
of coordinating the efforts of the many and diverse groups involved in

this study. Dr. Ross Field kept the financial side of our efforts



running smoothly. Dr. Denis Kidby and the late Professor Alan Posner
willingly gave their professional support, advice and direction to
this department's research efforts. Associate Professor Arthur McComb
and people in the Botany Water Laboratory gave advice and analytical
support. Dr. Bob Humphries and the CRES team provided a conceptual
framework through models and supplied water data as quickly as
possible. Dr. Peter Birch was a partner in decomposition research,
gave field support and was always available for discussing ideas.
Kathy Hamel became my laboratory technician in September 1979 and has
given thoughtful input into the design and execution of experiments in
addition to processing large numbers of samples. Rod Luketelich has
cooperated in sedimentation research and provided valuable field
support. Ann Huber has Cooperated in phosphatase work and supervised
a student (Paul Dolan) in his work related to the decomposition of
Cladophora. Many of the figures were produced by Andrew Gamble and
the graphics section at the Department of Conservation and the

Environment,

John 0O, Gabrielson
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INTRODUCTION

Nutrient cycling in natural waters is a complex process involving
interactions within and between the water mass and bottom sediments,
as well as external inputs and losses. Quantification of the various
aspects of this process is made more difficult in a water body such as
the Peel-Harvey estuarine system by its shallow depth and wide
variations in salinity over the year. Shallow water systems are
influenced by exchange with the sediments to a much greater degree

than deep water systems.

Riverine nutrient inputs to the Peel-Harvey system are
significant for approximately three months of the year. For the rest
of the year nutrient levels in the water are controlled by exchange
with the ocean and with the bottom sediments. The cycling of
phosphorus within the Peel-Harvey system is represented in simplified
form in figure 1. Orthophosphate is the form of phosphorus that is
available for assimilation by plants and therefore its supply is of
major importance to both growth rates and maximum biomass achievable

in the system.
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Figure 1 Simplified phosphorus cycle.
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The Peel and Harvey have mean depths of approximately one metre
and are both well mixed by wind stirring. This stirring causes a
great deal of resuspension of sediment (Chapter 8) and consequently
accelerates the return of nutrients to the water column. The
resuspended phosphorus is in the form of living material, detrital
material, inorganic particulates, adsorbed organic and inorganic
phosphates, and entrained dissolved phosphate. The dissolved and
adsorbed inorganic phosphate fractions will quickly adjust toward
equilibrium levels through either adsorption or desorption depending
on the concentration of orthophosphate and other compounds in
solution. Clays, oxides of iron and aluminium, calcium, and organic
matter have all been shown to adsorb phosphates. The
adsorption/desorption properties of several representative Peel-Harvey

sediments are discussed in Chapter 6.

Dissolved orthophosphate concentrations are typically much higher
in sediments than in the water column. This is in part due to the
higher solubility, under reducing conditions, of iron complexes onto
which phosphate is adsorbed. The concentration gradient between the
sediment and overlying water results in diffusion of phosphate from
the sediment interstitial water into the water column. The efficiency
of phosphate release is reduced by well-oxygenated conditions in the
water column and surface sediment layer. Direct release of phosphate

from sediments is discussed in Chapter 7.

To some extent nutrients assimilated by planktonic organisms are
recycled in the water column, but in a shallow system such as the
Peel—-Harvey estuarine system most biomass probably settles to the
bottom before actually decomposing. The release of nutrients through
decomposition involves cell lysis and the breakdown of the cell
constituents into inorganic forms reusable for growth by primary
producers. This process is mediated by enzymes such as phosphatases
which remove phosphate groups from organic phosphorus molecules. The
decomposition process for Cladophora has been described elsewhere
(Gabrielson et al. 1980). It should be noted that the decomposition
and remineralization process is not 100% efficient and some nutrients

are permanently lost to the sediment.
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Figure 2 gives a more detailed (although still incomplete)
picture of phosphorus cycling, Since any or all of these interactions
may be occurring simultaneously, it is very difficult to assess short-
term nett movement of phosphorus. Given a nett accumulation of
sediment over thé long term, however, there must also be a nett loss
of nitrogen and phosphorus to the sediment. In most bodies of water
this loss rate would of course be quite small compared to the overall

flux of these nutrients.

The sediments are capable of acting as a buffer to the system,
particularly with respect to phosphorus (Pomeroy et al. 1965, Stirling
and Wormald 1977). If changes are made in the system, e.g. the
removal of biomass, the sediments may respond by becoming a nett
source of phosphorus rather than a sink. Figure 3 depicts a
displacement of the equilibrium between biomass, sediments and
orthophosphate in the water column. The top diagram (Fig. 3a)
indicates the present condition of high biomass and nutrient rich
sediment. If the biomass were sufficiently reduced it would no longer
replenish the sediment as quickly as the sediment released phosphorus.
The sediment would thus become a nett source of phosphorus, supplying
a growing biomass until a new equilibrium was reached with higher
biomass and reduced sediment phosphorus reserves (Fig. 3b). By
reducing both biomass and sediment stores of phosphorus (Fig. 3c), a
new equilibrium would be established more quickly and at a lower level
of biomass than that obtained under the previously specified
conditions., These internal mechanisms and their manipulations would
of course also be affected by changes in external nutrient loading or

flushing.

The nitrogen cycle differs from the phosphorus cycle in the
following ways: (1) adsorption—desorption reactions would be
relatively unimportant, (2) nitrogen may be supplied from the
atmosphere through nitrogen fixation by cyanobacteria (Huber 1980),
and (3) nitrogen may be lost to the atmosphere through

denitrification.

Most of the above discussion and the work presented in the later
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chapters of this report has been aimed at phosphorus which is believed
to be the more important nutrient to be comsidered in the management
of this system, particularly for a reduction in Cladophora (Hodgkin et
al. 1980). Sediment supplies of nitrogen and phosphorus are described
in Chapters 2 through 5 of this report. Subsequent chapters deal with
some of the important factors in phosphorus cycling as outlined above.
An understanding of these factors is crucial to the understanding of
the ecology of the Peel-Harvey estuarine system in general and the
Cladophora problem in particular.

HIGH BIOMASS, RICH SEDIMENTS

BIOMASS bessmmmnmem  onrTHOPHOSPHATE

~

/

SEDIMENT

LOW BIOMASS, RICH SEDIMENTS

R 4 A g
4—BIOMASS b ORTHOPHOSPHATE
4

b

/
\

SEDIMENT

LOW BIOMASS, POOR SEDIMENTS

BIOMASS / ORTHOPHOSPHATE

/
\

SEDIMENT

Figure 3 Sediments as a buffer.
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GRID STUDIES

Four intensive "grid studies" were conducted in cooperation with
the Botany Department (University of W.A.) in March 1978, August 1978,
March 1979, and September 1979. Both water and sediment samples at
each of 36 sites (Fig. 4) were taken to determine the spatial
distribution and possible relationships between the various parameters
measured. As the water data will be discussed by the Botany group,

this discussion will be limited to the sediment data.

At the time of collection, sediments were described with respect
to depth of oxidized layer and depth of unconsolidated black ooze at
the surface (if present). Moisture content, organic content,
extractable phosphate, total phosphorus, extractable nitrate,
extractable ammonia and total nitrogen were determined for all
sediment samples. For the March 1979 study, organic phosphorus and
phosphatase activities were also determined. All methodology is

described in Appendix I and detailed data are in Appendix II.

Mpisture Content

As expected, black ooze had a much higher moisture content than
the underlying sediment, and averaged 60-80% water by weight. The
non-ooze surface sediment of the Peel differed significantly from that
of the Harvey. The Peel sediments averaged close to 30% water in all
four grid studies as opposed to the Harvey sediments whose means
varied between 44% and 55% water content. The surface sediments
(including black ooze) had their highest mean value in the Peel during
the August 1978 study. The Harvey surface sediment did not appear to

vary significantly between the four studies.

Organic Matter

Figure 5 shows the distribution of organic matter in the Peel-
Harvey system during the four grid studies. Black ooze was always

higher in organic content than the underlying sediments. These non-



Grid Studies 8

ooze sediments were more organic in the Harvey (6-7% organic) than in
the Peel (mean 3% organic content)., This was especially true of the
central basin sediments. The higher organic areas of the Peel were
associated with macrophyte growth areas (Cox Bay, Coodanup and the
eastern shelf) and with black ooze., There seems to be a slight trend
to higher organic levels in the sediments in the winters as opposed to
the summers in the Peel Inlet but not in the Harvey. One final
observation is that there was an apparent build up of organic matter

in Cox Bay over the period of these four surveys.

Total Phosphorus (Figure 6)

Again, ooze was enriched with respect to total phosphorus
relative to the underlying sediments. Higher surface sediment values
in the winter for the Peel Inlet reflected higher ooze total
phosphorus values in the winter. The underlying (non-ocoze) sediments
of the Peel had a very stable mean value of approximately 90 ug P per
gram dry weight for all four grid studies. The Harvey sediments had
higher and more variable phosphorus contents (113-190 ug/qg). ‘

Extractable Phosphate (Figure 7)

Values measured for this parameter were again higher in the ocoze
1ayers than in the underlying sediments. The August 1978 grid study
had significantly higher values of extractable phosphate than any of
the other grid studies. The August 1978 mean value of 12,6 ug/g for
the Peel crashed to 0.4 ug/g in March 1979 before rising to 0.9 ug/g
in September 1979. The winter values in both years were greater than
summer values but 1979 was much lower than the 1978 winter mean in
both the Peel and Harvey. 1In all cases the means for the non-ooze
sediments were higher in the Harvey than in the Peel. Mean
extractable phosphate values represented between 0.3% and 7.6% of the
mean total phosphorus contents with the highest percentage in August
1978.

Total Nitrogen (Figure 8)

The black ocoze sediments were also enriched in total nitrogen.
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Variability was such that, in contrast with the total phosphorus
situation, the means for non-ooze sediments in the Hafvey were not
significantly higher than for those in the Peel. Highest total
nitrogen values in the Harvey were in the central basin and northwest
shallows. In the Peel, however, highest‘values were in the shelf

oozes.

Extractable Ammonia (Figure 9)

Figure 9 shows a picture similar to that for extractable
phosphate (Figure 7), with a big peak in values in August 1978. Ooze
values are higher than those of the underlying sediments and non-ooze
values are higher in the Harvey than in the Peel. Highest Peel values
are in the shelf ooze, and highest Harvey values are in the basin or

northwest corner.

Extractable Nitrate (Figure 10)

Extractable nitrates were similar to ammonia in distribution {n
space and time except that the means of the Peel and Harvey were not
significantly different. On average, extractable nitrate is two
orders of magnitude lower than extractable ammonia and therefore not
quantitatively significant. This would be expected in a generally

reducing environment.

Organic Phosphorus and phosphatase (Figure 11)

Organic phosphorus and phosphatase activities in the sediments
were measured only for the March 1979 grid study. Organic phosphorus
was expectably greater in those areas where organic matter was
greatest: on the shelf of the Peel and in the central basin and NW
shelf of the Harvey. The non-ooze sediments of the Harvey were higher
in organic phosphorus than those of the Peel (means were 44 vs. 16
ug/g dry weight). As a percentage of total phosphorus content these
sediments varied from 4% to 52% (mean 19%) in the Peel and 3% to 89%
(mean 37%) in the Harvey. Black ooze had a mean of 26% of the total

phosphorus as organic phosphorus in both the Peel and Harvey.
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Phosphatases are a group of enzymes capable of removing phosphate
radicals from organic phosphorus molecules, thus producing ortho-
phosphate which can be asssimilated by photosynthetic organisms.
Phosphatase activities measured in March 1979 ranged from 0.19 to 4.50
umoles of p—nitophenyl phosphate released per gram dry weight per
hour. Activities were generally higher in the black ooze than in the
other sediments (mean of 1.52 vs. 0.75 umoles/g/hr) and also generally
higher in the Harvey than in the Peel (1.21 vs. 0.86 umoles/g/hr mean

surface activities).

Conclusions

The grid studies present a picture of both spatial and temporal
heterogeneity in the sediments of the Peel-Harvey estuarine system.

In spite of this the following general statements can be made:

1. The sediments of the Harvey Estuary are generally richer in
organic matter, total phosphorus and extractable nitrogen

and phosphorus than those of the Peel Inlet.

2. Sediments described as black ooze are generally much

enriched relative to their underlying sediments.,

3. The highest nutrient concentrations in the Peel sediments

are in Cox Bay, off Coodanup and on the eastern shelf.

4, The highest nutrient concentrations in the Harvey sediments
are in the central basin and the northwest corner (near

Dawesville).

5. Extractable nitrogen and phosphorus fractions were
significantly greater in August 1978 than at other grid
study times. This may be due to the fact that the highest
river inputs experienced during this study occurred in the
winter of 1978 (Black and Rosher 1980). The riverine
loading may have directly added increased amounts of
extractable nutrients to the sediments. Another possible
explanation which is not mutually exclusive could be
nutrient input by sedimentation of a heavy phytoplankton
bloom at that time (Lukatelich and McComb 1981).
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Organic phosphorus constituted an average of 20-40% of the
total phosphorus in the surface sediments in March 1979 and

extracellular phosphatases were present in abundance.

The sediment parameters measured in these grid studies were
interrelated as can be seen in Table 1. Total nitrogen,
total phosphorus, organic matter and wet/dry ratios had
particularly strong linear correlations with each other.
Appendix IIA has cross correlation matrices for each grid

study with Peel and Harvey sediments analysed separately.

Table 1 Linear correlation coefficients for 44 sediment samples
from both Peel and Harvey estuaries in August 1978.

TN Ext.NO3 Ext.NH4 TP Ext.PO4 % OM
Wet/dry 972 .669 .680 .969 .629 974
% Org. M 975 .647 .646 .983 .614
Ext. PO4 .583 .270 .976 .615
Total P .980 .681 .656
Ext. NH4 .628 .314
Ext. NO3 .685

11
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Figure 5. Organic matter in sediments
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TOTAL PHOSPHORUS
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Figure 6. Total phosphorus in sediments
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EXTRACTABLE PHOSPHORUS
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Figure 7. Extractable phosphate in sediments
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Figure 8. Total nitrogen in sediments
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EXTRACTABLE NH4~N
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Figure 9. Extractable ammonia in sediments
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EXTRACTABLE NO;-N
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0
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Figure 10. Extractable nitrate/nitite in sediments
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PHOSPHATASE ORGANIC PHOSPHORUS
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0 0

Figure 11. Organic phosphorus and phosphatase in sediments
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HIGH FREQUENCY SURFACE SEDIMENT SAMPLING

Since the August 1978 grid study samples had such elevated
extractable N and P levels compared to the previous March, it was
thought that perhaps this reflected a seasonal pattern. It was
therefore decided to sample the surface sediments at some of the
routine sampling sites with greater frequency (approximately every
three weeks). It was thus hoped that seasonal or shorter term

fluctuations might be detectable.

Sampling and analytical methods were as described in the grid
study methodology except that the top five centimeters of sediment
were sampled regardless of the presence or absence of black ooze,
Preliminary sampling of seven locations within a 20 meter radius of
Post 46 gave the followiny coefficients of variation: organic
content, 0.17; total phosphorus, 0.14; total nitrogen, 0.17;
extractable phosphate, 0.12; and extractahle ammonia, 0.43. Thus,
although 4 or 5 cores were taken at each site for each composite
sample, fairly large diferences in values measured at different times

would be necessary to be significant.

Results

In the Peel Inlet surface sediment samples were taken at stations
4, 5, 6, 7, 8, and Post 46. Station 4 (Fig. 12) showed no seasonal
trends. The most obvious feature of figure 12 is that all parameters
except TN showed a peak on September 14, 1979, The sampling for this
data point apparently hit a thicker bed of black ooze as shown by the

74% water content of the combined sample.

Stations 5 and 6 (Figs. 13 & 14) were sampled for a shorter time
period and showed no discernable trends. Station 7 (Fig. 15),
however, proved to be the most stable surface sediment sampled.
Extractable ammonia dropped in May 1979 and has remained fairly
constant since then. Other than one anomalously high nitrate value
the other parameters have been relatively stable which might also be

an indication of less spatial heterogeneity at that location.
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At Post 46 both total and extractable nitrogen levels in the
surface sediment fell between December 1978 and June 1979 (Fig. 16).
Extractable phosphate seemed to increase during this same period and

into July 1979, Other parameters were fairly stable.

Station 8 (Fig. 17) displayed the greatest variability of any of
the stations Sémpled frequently. A sharp increase in extractable N
and P in December 1978 may be related to a cyanobacteria bloom which

was present at that time,

- In the Harvey Estuary, only stations 1 and 31 were sampled with
any regularity. Station 31 (Fig, 18) did not reveal any seasonal
chénges. Station 1l (Fig. 19) samples were very consistent in water
content at 62% but variable with respect to other parameters. Organic
content seemed to increase in the autumn of 1979, decrease during the
winter and rise again through the summer of 1979-80. Extractable N
and P both showed sharp rises in December 1978, but there were no

clear seasonal trends.

Discussion and Conclusions

Thereare great difficultiesin-interpreting the changes in

values measured froin one sampling time to the next at any one site as
was attempted in this sampling program. Probably the greatest problem
is patchiness in the distribution of sediments and of black ooze
layers in particular. When all parameters changed drastically and
rapidly this patchiness was probably responsible. However, other
factors such as riverine inputs, sedimentation of both autochthanous
and allochthanous matter, macrophyte growth and decomposition, and the
activities of animals could have significant effects on surface

sediment composition.

General seasonal variations were not detected although some of
the mechanisms just listed might lead one to expect such a pattern.
This sampling period covered a very dry winter which may be part of
the reason that extractable nitrogen-and phosphorus levels did not

increase during the winter. Large scale short-term variations did
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occur at some stations, e.g. stations 1, 4, and 8. Some of these
changes were undoubtably due to patchiness as total N and P levels
also changed more quickly than could be explained by other mechanisms.
Stations 1 and 8 were the only stations sampled on December 20, 1978
and both showed big increases over the previous week in extractable N
and P. As Huber (1980) has documented, an extensive bloom of
cyanobacteria occurred during the period from November 1978 - January
1979. Sedimentation and decomposition of material produced in this
bloom may have led to the observed increases in extractable N and P.
Sharp drops in total N and P in the water at station 1 at the same
time indicate a loss from the water that also supports the idea of
sedimenting biomass. Explanations of other changes in sediment
composition may come from comparison with data being developed by

others in the Peel Inlet study group.
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Sediment parameter time series, Station 4



High Frequency Sampling

1500 . k Total N (ppm dry)

1000 - AN

500 - T

Extractable NO, (ppm dry)

0.66"
0.33-
) i "
Extractable NH, (ppm dry)
207
10- )
C\._,c/ \‘/./'
Total P (ppm dry)
200+

100~ .\'—_ o .”_‘\—.././.

Extractable P (ppm dry)

X
1 e
e e _—— © O 8 —
7 organic
10+
57 '/—""\\./‘_——-\\'_—__‘/‘
60- 7Z Water
40- ® .\./,/’\'/‘/.
20+
[] [ L ¥ i
M A M J J A S

Figure 13. Sediment parameter time series, Station 5



High Frequency Sampling

2000 | Total N (ppm dry) .
1500
1000 J — .
— a ~. °
500 - - e
Extractable NO3 (ppm dry)
0.66 o
0.334 .
./ \. A . ) .
20 | Extractable NHA (ppm dry)
10 ./// \° e
Total P (ppm dry)
200
100 - . "
o — T g — \./'\o—"‘"
Extractable P (ppm dry)
2 -
19 . .
/'\-._ﬁ,_ 0 T T
10 4 % organic
5 e,
./ T 0 [ J S ——
% water
60
40 < )
20 J " I | —
¥ ¥ T L) ¥ k]
M A M J J A S
1979

Figure 14. Sediment parameter time series, Station 6



High Frequency Sampling 25

Total N {ppm dry)

2000 4
1300 'MWMWM"_\-—W P /c/'/.\“w__-_.\ .//'\/-\
10004 . S :
500+
Extractable NO, (ppm dry)
1.66 * 5 (ppm dry
1.334
1.004 /
0.661 /
. — A
0.334 \““”““”-~\\,M___,, // \ e, e
40 4 Extractable NHQ (ppm dry)
30 4
204
s
10+ \e_ . ./‘\.__,./'M. P
Total P m dry)
200 4 otal P (ppm dry .
1004 T et T e T T T e e
9 Extractable P (ppm dry)
11 — ///,»"*‘—--~,““hq,/"~\.H“,,/‘“"““—"\‘*““" et 3
% organic
107
S —— I I T PP PR R e
% water
60
4od T e e .
20+
T ¥ L] ¥ 0 T ¥ ¥ T T L ¥ + ¥
b J  F M A M 3 7 A s o ' N | D N
1979

Figure 15. Sediment parameter time series, Station 7



High Frequency Sampling

Total N (ppm dry)

26

20004
15004
1000~ \ .
500- O o
Extractable NO3 (ppm dry)
0.661
0.339 " __
\\.H-/.\O\‘ "
204 Extractable NH4 (ppm dry)
10+
-\\‘\_‘ ‘____1/'\0\.
Total P (ppm dry)
2007
lOO‘ o —— e g — 9 —— g a
Extractable P (ppm dry)
2.
1 —ﬂ_—*ﬁﬂﬂﬂﬁy____,,_.e///GN““'\\’
Z organic
107
5' ® ° et 8 —- o
% water
809
60
40 < b —— ——— o2 @ °— 5
204
T 7 T T v 7 T 3 7
D J F M A M J J A
1979

Figure 16. Sediment parameter time series, Post 46



High Frejuency Sampling 27

Total N (ppm dry) .
5000 ! . .
4500 . T / 1
4000} \ /
3500 o~ —"
3000 ’ :
AN / | |
2500} *
2000 .
1500 J
1000 ! !
500
EXEractable NU3 (ppm dry)
l.33l
1.00]
0.6 ¢4
0.334 ‘~~\ /\ . /'\'/
g —  —~__ ,_.,._.,__./' he " . .
504 . Extractable NH, (ppm dry)
40 4 /
0 RN e .
20 4 ,/ . ’
~ / \'
10 4 *
Total P (ppm dry)
500 4 X
400 f—, T, .
300 4 . .
.,-——"__‘—_'_’- \ / \ . /\./
200 4 e «—n . T,
100 4 )
| Extractable P (ppm dry)
4 ) .
24 / \./ \/ \/. /
. -/.\0
14 e * .
% organic °
204 /. R /
5] ) / \ -
e —eee e .
0] / \ / \ v
5+ —— T ——
80 % water .
i e, /,_,/"‘\. . . _—
o o i
60 4 NN
40 1
20 4
D J F M A M J J A S 0 N D J F M
1979 1980

Figure 17. Sediment parameter time series, Station 8



High Frequency Sampling

1500 . Total N (ppm dry)
"
1000 T - \
500 1 ’
l.OJ Extractable NO4 (ppm dry)
0. 661
0.3 D
a o T e g
301 Extractable NH, (ppm dry)
20 .\\»,\\
ot T R
3001 Total P (ppm dry)
2001 e
1001 I " T
Extractable P (ppm dry)
3 «
21
Jd e R o0
%4 organic
10 4
5 . .—— o /’,_a‘_/_,/" . —
% water
60 |
40 [ B it S — e Ee e —
\\ /////////
20 1
\m —_— v v Y T T T v T T T
A M J J A s 0 N D J F M
1979 1980

Figure 18. Sediment parameter time series, Station 31




High Frequency Sampling 29

3500,
3000-
2500+
2000
1500,

1000,
500-

Total N (ppm dry)

\ “““//.//"—\\\// _//N\\"//”"'\\///'_\N'

1.004
0.66
0.337

Extractable NO3 (ppm dry)

- .
e S T

704
60 4
504
40
30+
201
10

. Extractable NHA (ppm dry)

TN T~ . N

300 -
200 4
100+

Total P (ppm dry)

- l—'—'/
'/' \ T - e Ne—
7 —

74
€
54

34

14

Extractable P (ppm dry)

//,//

VAN

- N /\.\

15
104
5

7% organic

P — .
— .\.,.,..- /- -, ‘/.\'_’_/
~ L ——— .,

/'

e ~

60 4

40 1
20

% water

- ——— s T — o, —r T — — __ _—"

Figure 19. Sediment parameter time series, Station 1



30

VERTICAL DISTRIBUTION OF NUTRIENTS
IN THE SURFACE SEDIMENTS

In order to determine the verticle distribution of nutrients in
the surface sediments of the Peel and Harvey, short cores
(approximately 20 cm) were taken at the eight weekly sampling sites
plus four other sites. Sites 1, 4 and 6 were cored more than once.
All cores were sectioned into one centimetre layers (0.5 cm layers for
the top 2 cm) and analysed for water content, organic matter, total

nitrogen and total phosphorus.

The results of the analyses of these cores are best conveyed in
the form of graphs. Figures 20-23 show comparisons of profiles from
each of the sites cored with each figure displaying one of the
parameters measured. The depth scale is in centimeters. Graphs of
all parameters (including a description) of each core individually and

the actual data are presented in Appendix II.

In the Peel Inlet sites 2, 3, 4, 5, 6, 7, 8, and Post 46 were
cored. All cores with the exception of Station 6 showed at least a
thin layer of enriched sediment. Station 6 in Robert Bay has a sandy

nutrient—-poor sediment that varies little in content with depth.

Station 2 sediment had a 1 cm enriched layer at the time of coring (4
July 1978) over a poorer layer between 1 and 12 cm below which the

sediment rose somewhat in all parameters.

The profile at Station 3 (4 July 1978) shows nutient levels
gradually increasing toward the surface but with sharp discontinuities
above the 4 cm depth. This is probably due to the effects of the

dredging of "Sticks" channel nearby.

Station 4 was cored four times between August 1977 and March
1979, All cores showed an enriched ooze layer varying in thickness

from 1 to 4 cm overlying a fairly nutrient—-poor sand (Table 2).

Station 5 profiles were similar to those of Station 4 except that
these had a thinner enriched layer and were generally slightly poorer

in nutrients.
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Table 2 Contrast between ooze and sediment at Station 4.

QOoze Sediment
% HZO 80 30
% Organic 25 3
Total P (ppm) 600-900 70-80
Total N (ppm) 7000-11000 400-600

Station 7 is located in the central basin of the Peel Inlet and
is composed of a silty fine sand, with a thin enriched layer (approx.
1 cm). It has a higher base level of phosphorus (150-200 ppm dry wt.)
than do the shelf sites (4, 5 and 6). As with Station 2 organic

content increases in areas below 12 cm.

Station 8 (Cox Bay) had an enriched ooze layer of 5 cm in August
1978. 1Its profile is similar to that of Station 4 except that there
is a much less sharp demarcation between the ooze layer and the fine
sand below it. Below 13 cm the sediment reaches the very low levels

of 1% organic content, 30 ppm phosphorus and 50-190 ppm nitrogen.

The sediment profile at Post 46 was also similar to that of
Station 4. The ooze layer was not quite as rich, however, and the
enriched nitrogen layer extended further down the core than did the

enriched phosphorus layer (7 vs. 2 cm).

Four sites were cored in the Harvey Estuary: Stations 1, 24, 28,
and 31. These sediments generally changed in composition gradually
with depth as opposed to the sharp discontinuity of a rich ooze layer
over a nutrient poor sand common in the Peel Inlet. With the
exception of Station 31 the subsurface sediments of the Harvey were
thus higher in water content, organic content, total N and total P.
Station 24 has a surface ooze layer made up largely of fecal pellets
as in the ooze layers of the Peel Inlet. This 3 cm layer is high in
nitrogen and phosphorus (5000-7000 ppm N and 300-700 ppm P) but
overlying a phosphorus—poor layer from 3-9 cm depth. Station 31 has
the characteristic high water content of the Harvey sediments but was
poorer in nitrogen and phosphorus than the sediments of the Harvey

central basin and NW shelf areas.
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Conclusions

The core profiles confirm and amplify the conclusion from the
grid studies that the sediments in the Harvey basin and NW shelf are
generally richer in nutrients than the sediments of the Peel Inlet.
The greater uniformity with depth of the Harvey sediments indicate
that this has been true historically {20 cm depth is 300-600 years old
assuming sedimentation rates of 0,3-0.6 mm per year). Thus, the net
balance of sedimentation versus remineralization and release has been
more on the side of sedimentation in the Harvey than in the Peel.
Stations 1, 2 and 7 show some trend to increased organic content below
12 ¢m, indicating different condition at the time of deposition of

these layers.

The major distinguishing feature of the Peel Inlet surface
sediment is the existence of areas of "black ooze" which is a loose
flocculant mud largely composed of detritus and fecal pellets (Fig.
24). This ooze is enriched in organic content and nitrogen and
phosphorus with respect to the underlying sediment and is frequently
associated with Cladophora beds. By assuming that this ooze is
capable of degrading to the phosphorus levels of the underlying
sediment, we can estimate how much phosphorus would be released from a

layer of black ocoze. If we use the values from table 2 of 600 ppm P

degrading to 80 ppm P in a 1 cm thick layer of coze wtih 80% water

content and particulates of a specific gravity of 2.34 when dry, then
1.17 g P/m2 could be released from a 1 cm layer of ocoze, This is
enough phosphorus to support the formation of 587 g/m2 dry weight of
Cladophora (0.2% P dry weight).

Obviously, these ooze layers have great potential for releasing
nutrients for use by organisms in their proximity. Radioactive
phosphorus experiments are planned to establish the availability of

sediment phosphorus to Cladophora.
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RS

Figure 24. Station 4 "black ooze", 0.25 - 1 mm size fraction.
(¥16 magnification)
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SEDIMENT BANK OF NUTRIENTS

The results of the grid studies were reported and discussed in
Chapter 1 in terms of the distribution of nutrients on a dry weight
concentration basis. In order to describe the bank of nutrients in
the sediment which is in close contact with the water of the Peel-
it would be more appropriate to estimate the

Thus,

Harvey estuarine system,
the previous

This

nutrient content of a surface layer of sediment.
data must be converted to concentrations on a wet volume basis.
has been done for a 2 cm thick layer, using the wet/dry ratios
measured for each sediment sample and an average specific gravity of

2,5 for the dry material (Appendix II).

Table 3 shows that the mean total nitrogen and total phosphorus
content of the surface sediments did not vary significantly over the
period of the grid studies. Only in the case of the Harvey Estuary
did there appear to be a significant difference, that being a mean
total N content of September 1979 significantly lower than that of
August 1978,

whereas total N was about 21 g/m2 for the Peel and 20 g/m2 for the

Total P averaged 2.2 g/m2 for both the Peel and Harvey,

Harvey.
Table 3 Mean N and P content of the_ top 2 cm of sediment
" inthe Peeland Harvey,
Tota12P Ex‘crac’(:,.> P TotalZN Extracté N
(g/m*) (mg/m*) (9/m*) (mg/m*)
Peel Inlet
March 1978 2.0+0.2 10.8+ 3.7  22.6+1.7 144+ 32
August 1978  2.2+0.3 88.6+32,9 21.7+2.1 11474285
March 1979  2.3+40.2 6.6+ 1.4  22,142.0 200+ 25
Sept. 1979  2.440.2 11.9+ 1.8 18.1+3.1 108+ 12
Harvey Estuary
March 1978 2.140.2 18.1+ 5.3 21.9+41.0 170+ 23
August 1978  2.5+0.2  100.2+20.2 23.642.5 11174175
March 1979  2.340.2 6.3+ 1.0 19,2+5.0 311+ 29
Sept. 1979 2,110.2 15.8+ 3.2 15.5+1.7 143+ 16

1
+ standard error of mean
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The extractable N and P fractions, however, changed drastically,
with the mean values for August 1978 being much higher than those of
the previous summer. The winter of 1978 was the only winter during
this phase of our study which had good (average) river flows with
concurrent high dissolved nutrient loading. Extractable N and P fell
significantly by the next summer, then at the time of the September
1979 grid study (a dry winter) the extractable P levels had risen

slightly but the extractable N levels were even further reduced.

If the mean values given in table 3 are applied to the total
areas of the Peel and the Harvey, an estimate of the N and P storage

in the top 2 cm of sediment for these areas is obtained (Table 4).
Table 4 Sediment bank of N and P
(tonnes of Nor P in 2 cm layer)

March August March  Sept.
1978 1978 1979 1979  MEAN

Total N Peel 1,470 1,410 1,439 1,178 1,374
Harvey 1,100 1,180 959 774 1,003
TOTAL 2,570 2,590 2,398 1,952 2,377
Extract. N Peel 9.3 74.6 13.0 7.0
Harvey 8.5 55.8 15.6 7.1
TOTAL 17.8 130.4 28.6 14.1
Total P Peel 132 146 152 157 147
Harvey 104 125 114 106 112
TOTAL 136 271 266 263 259
Extract. P Peel 0.7 5.8 0.4 0.8
Harvey 0.9 5.0 0.3 0.8
TOTAL 1.6 10.8 0.7 1.6

The Botany Department (U. of W.A.) has estimated that in August
1978 the Peel and Harvey together contained 300 tonnes of nitrogen and
50 tonnes of phosphorus in the water mass and 903 tonnes of nitrogen
and 103 tonnes of phosphorus in the benthic biomass (February 1979
workshop). Thus, there was approximately twice as much N and P in the
top 2 cm layer of sediment as in the water and plants combined at the
time of the August 1978 survey. Black and Rosher (1980) have
estimated total river loading in 1977/78 to be 1586 tonnes N and 120
tonnes P and in 1978/79 510 tonnes N and 67 tonnes P. The amount of N

and P in the top 2 cm layer of sediment is therefore also



Sediment Bank 40

approximately double the total river loading in an average rainfall
year. The significance of this large bank of N and P, of course,

depends on how much it contributes to the productivity of the system

as a whole and Cladophora in particular.
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ADSORPTION/DESORPTION
CHARACTERISTICS OF PEEL/HARVEY SEDIMENTS

Previous chapters have discussed the distribution of sediment
nitrogen and phosphorus in space and time. Although this discussion
included measurements of easily extractable N and P sediment
fractions, the question of how the sediments interact with the
overlying water and plants has not been addressed. This chapter will
describe some of the adsorption/desorption characteristics of

Peel/Harvey sediments.

The following series of experiments involved equilibrating
sediment with water of different salinities and phosphate
concentrations after which the water was sampled for final phosphate
concentration (see Appendix I for methodology). By graphing the
amount adsorbed versus the initial phosphate concentration, an
equilibrium point concentration (EPC) at which there is neither
adsorption nor desorption can be determined. Initial experiments with
Station 4 surface sediments showed a very linear relationship between
the amount of phosphate adsorbed and the initial amount of phosphate

in the solution with the sediment.

Because the EPC's determined were affected by salinity, the
following experiments used fewer initial phosphate concentrations (3)
and more salt concentrations (5) covering the range from 6-40 ppt. In
all cases pH was allowed to reach its own natural level. Seven

different sediments were studied in this manner.

Results

Figure 25 shows the effect of salinity on the adsorption
isotherms for Station 4. The EPC's vary from 14 ug PO,-P/1 at 6 ppt
salt to 30 ug P/1 at 40 ppt. The highest phosphate concentration
used, 200 ug P/1 in one experiment, did not approach the adsorption

capacity of this sediment.

The surface sediment at Station 7 was less affected by salinity.

Between 11 and 40 ppt salt concentrations the EPC's were 4-5 ug P/1.
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The 6 ppt EPC was only slightly higher at 7 ug P/1. Thus, higher
salinity seems to result in this sediment adsorbing slightly more

strongly, in contrast to the situation with the Station 4 sediment.

Station 6 is very sandy and less strongly buffered than the other
sediments tested, thus giving more variable results. EPC's as
determined graphically (Fig. 26) varied between 7.5 ug P/1 at 6 ppt
and 15 ug P/1 at 28 ppt. The 40 ppt line crosses the others to go
against the general trend of higher EPC's for higher salinities. Note
that these lines tend to decrease in slope at higher phosphate levels,

thus indicating a lower adsorption capacity for this sediment.

The sediment at Station 8 (Cox Bay) is an organic black ooze
which under the conditions of this experiment did not seem affected by
the salinity of the water with which it was equilibrated. At pH 6.4
there were no significant differences between salinities and all data

points could be combined into one line described by
Adsorption = 0.315 (initial concentration) - 2.02

where initial concentration is in ug PO,-P/1 and
adgorption is in ug P/g dry weight and
r< = 0.999.

This gives an EPC of 6.4 ug P/1 at pH 6.4 for Station 8 sediment.

Three sediment samples from the Harvey Estuary were tested.
Station 1 (Fig. 27) was not significantly affected by salinity and
gave quite low EPC's (2-5 ug P/l). Station 29 also seemed to be
little affected by salinity with the possible exception of an
anomalous point at low salinity and low initial phosphate
concentration (Fig. 28). With this exception it is much like Station
7. Station 24, which has a surface sediment much like Station 8
(black ooze), adsorbed very strongly at all concentrations and had an

effective EPC near =zero.
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Discussion

The results of these experiments are summarized in table 5.
Since changes in sediment solution ratios and pH could affect these
equilibrium point concentrations to some degree, care is needed in
their interpretation. However, these results do give some indication
of the concentrations of phosphate with which these sediments would be
in equilibrium under well oxygenated conditions. Thus, when sediment
is resuspended into the water column it would tend to release
phosphate if the water concentration was below the EPC and adsorb if
the water concentration was above the EPC. Furthermore, in the case
of Station 4 sediment salinity has a strong effect on the EPC. This
sediment is strategically located to use this characteristic to
increase its efficiency as a buffer for phosphate concentration in the
water. When external inputs via the Murray and Serpentine rivers lead
to high phosphate levels in the water (in the winter) the salinity is
lowest and the sediment EPC is lowest. 1In the summer when water
phosphate levels are at their lowest, salinities are high and Station
4 sediment's EPC is correspondingly high. Thus, the summer increase

in salinity promotes phosphate release at this site.

Table 5 Equilibrium point concentrations of phosphate with
Peel/Harvey sediments (ug P/1)

NaCl Concentration (ppt)

Site 6 11 20 28 40
4 14.0 14.7 17.1 22.1 29.9
6 7.5 9.5 13.0 15.0 13.0
7 7.0 5.4 3.7 4.3 5.1
8 5.0 10.4 7.1 6.1 6.0
1 4.9 2.6 3.6 4.0 4.6

24 0.0 0.3 0.3 1.6 0.7

29 - 6.6 5. 4.7 5.0

1 All EPC values are_the result of linear
regressions with r? > 0.99 except station 6
which was determined graphically.

With the possible exception of the Station 6 sediment, there were
no signs of reaching the maximum adsorption capacity for the sediments

tested. The sediments will continue to take up phosphate when exposed
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to concentrations higher than their EPC., Thus, when bottom waters at
Station 4 were above 20 ug PO,-P/1 for approximately 4 weeks in 1978

the surface sediments should have taken up significant amounts of

phosphate by adsorption.

Repeated Washings

The adsorption/desorption and extractable phosphate data show
that varying amounts of phosphate may be easily removed from
Peel/Harvey sediments. In order to assess the effect that repeated
resuspensions of sediment might have, serial washings of Station 4 and
Station 8 surface sediments were carried out in the laboratory. These
involved mixing the sediment with a salt solution, centrifuging and
removing the supernatent for phosphate analysis. Another 40 ml of
fresh solution was then added to the same sediment and the procedure

repeated.

Figure 29 shows the results of three such serial extractions of
Station 4 sediment under the following conditions: aerobic, aerobic
with antibiotics, and low oxygen (2 mg 0,/1). All display the same
pattern of reaching a
peak phosphate release R
during the second ext- o
raction with subsequent

washings yielding quan-

:H: AEROBIC

e e AEROBIC -INACTIVE BACTERIA
e —+ LOW OXYGEN

tities that approach a

fairly constant 0.25 ug P
per extraction for all
treatments. At the end
of 15 extractions approx—
imately 5 ug PO,~P/g dry
weight of sediment had &]

been released, with no

ug PO4~P RELEASED PER GRAM DRY WEIGHT

indication of diminishing

rates. The 0.25 ug P per T 2 3 4 56 7 6 010 11 12 13 14 16

extraction represents a WASH NUMBER

Figure 29 Repeated washings, Stn 4 sediment.
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20 ug PO,~P/1 phosphate concentration in solution. This is in reason-
able agreement with the results of the adsorption/desorption work

described previously.

Surface sediment from Station 8 (Cox Bay) gave results similar to
those obtained with Station 4 sediment (Fig. 30). A total of 6.2 ug
PO4—~P/g dry weight of sediment was released during 15 successive
washings. The later extractions tended toward a sustained level of

0.3 ug P/g dry weight.

N

41N

031

pg PO4-P RELEASED PER GRAM DRY WEIGHT
[=]
>
./
"
°
.
./
o
./

01

i 2 3 4 5 & 7 & H 1 N 12 13 4 15
WASH NUMBER

Figure 30 Repeated washings, Station 8 sediment.

The results of these repeated washing experiments indicate that
these sediments release only a small fraction of their total
phosphorus each time they are brought into solution. As these
extractions were done in rapid succession (approximately every ten
minutes) there was not time for any significant remineralisation of
organic material. Thus, the phosphate released each time was probably
from a larger inorganic pool with the amount extracted being
controlled by physical adsorption/desorption mechanisms. The
phosphate concentrations attained in these 10 minute extractions
indicate a very quick approach to the equilibrium values measured

after 24 hours in the earlier work.
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SEDIMENT RELEASE OF PHOSPHORUS

Artificial cores

In order to measure phosphorus release from a sediment surface
which is not kept in suspension, artificial cores were used. These
consisted of perspex cylinders containing a 5 cm layer of homogenized
sediment from Station 4 with 35 g/1 NaCl solution carefully added over
the sediment. Replicate cores (5 each) were placed in the dark at
25°C under both aerated and low oxygen (2 mg 0,/1) conditions. Total
reactive phosphate (TRP) was measured to quantify phosphate release
versus time. As shown in figure 31 both treatments yielded an
increase in TRP within 24 hours followed by a stable period. As it
was not possible to add the water to the cylinders without disturbing
any sediment, the samples taken after 5 hours had too much turbidity
to measure TRP, Therefore the initial rate of release is not known,
but 1f we calculate release rates based on the 21 hour TRP value we
obtain 2.5 mg P/mz/day and 3.9 mg P/m2/day released for the aerated

and low oxyden treatments respectively.

Intact cores

Large cores of sediment taken intact with overlying water have
been taken occasionally at Station 4. Figure 32 illustrates TRP
release from two cores taken in June 1979. These intact cores contain
natural populations of plankton and benthic organisms and would not be
expected to be exact replicates. They were placed in the dark to
inhibit photosynthesis and the water was allowed to decrease in
dissolved oxygen through natural metabolic activities. By the ninth
day the oxygen levels in the water were down to 4.2 and 5.3 mg 02/1
for cores A and B respectively and by the fifteenth day they had
declined to 2.6 and 1.9 mg 02/1 respectively. The pH of the water
varied from 8.3 initially to 7.5 at the end of 22 days.

Release rates were almost certainly affected by biological
activities as well as chemical factors. If mean values of TRP at days

0, 9 and 22 are compared release rates of 0.6 mg p/m2/day down to 5 mg
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0,/1 and 2.7 mg P/mz/day from 5 to 2 mg 0,/1 can be calculated. These
rates would include the influences of phosphate taken up or releaed by

planktonic and benthic organisms as well as direct sediment release.
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Figure 31 Phosphorus release Figure 32 Phosphorus release

from artificial cores. from intact cores.
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Enclosure experiment

In March 1930 a flexible cylinder made of clear PVC film was used
to enclose 1.3 m2 of sediment in 1.2 m deep water near Station 4. A
boat oar was used to stir up the sediment in the enclosure to mimic
what might happen when various human activities stir up the sediment.
Water samples were taken immediately before and periodically after the
stirring. Measurements included turbidity, phosphate, total dissolved
phosphate, ammonia and chlorophyll a. The results graphed in figures
33-35 show the expected increase in turbidity immediately after
stirring with the bottom water measurement have the higher peak. The
peak was followed by a gradual decrease until after 24 hours turbidity

was close to the same as levels outside the enclosure.

The picture of what happened to the dissolved nutrient
concentration is less clear. The resuspension of surface sediment
materials caused quick changes with sharp increases in surface ammonia
and TDP followed by similarly sharp declines. After one hour the
dissolved nutrient concentrations continued to fluctuate but with no
discernable pattern. At the end of 24 hours TDP and phosphate levels
were approximately the same as for outside the enclosure but ammonia

levels were lower,

While these results were not precise enough to estimate the
amount of N and P which may have been released due to stirring, it is
apparent that whatever was released was not available in the water
column for long. The initial peaks returned to external levels within
an hour of stirring although turbidity was still slightly above the
external levels after 24 hours. It is possible that phytoplankton may
have t-oken up nutrients released by the stirring but the data are
insufficient to detect this. Chlorophyll measurements which are not
yet available may help clarify the situation, but total N or P
measurements would be confused by the resuspended particultes over the
24-hour time span of this experiment. Further experiments are planned
to quantify the exchange of N and P sediment and water in this type of

situation.
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Conclusion

Although stirring the sediment within an enclosure did not yield
the anticipated large amounts of released dissolved nutrients, it is
apparent from the above results that the sediments at Station 4 are
capable of significant phosphate release. Even under well-oxygenated
conditions release rates of 0.6 — 2.5 mg P/mz/day were measured.
Under low oxygen conditions 2.7 - 3.9 mg P/m2/day were measured.
These release rates are within the range reported by Holdren and
Armstrong (1980) and represent a significant source of phosphorus to

the Peel Inlet,
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SEDIMENTATION AND RESUSPENSION

Measurement of sedimentation rates in a shallow estuary such as
the Peel-Harvey estuarine system is fraught with problems. P.B. Birch
(pers. com.) started sampling with sediment traps in 1978 and in 1979
sampling was continued and expanded by R.J. Luketelich and J.0.
Gabrielson (unpublished). Although information necessary for a
thorough analysis of the sediment trap data is not yet available, a
brief discussion of sedimentation and resuspension is desirable at
this time because of the significance of these processes in nutrient

cycling in this system.

Nett sedimentation rate is a complex balance between
allochthanous and autochthanous inputs, and decomposition,
remineralization and release of nutrients from the sediment to the
water. In a well-mixed shallow waterbody, sediment may be resuspended
many times before being permanently buried. This resuspended sediment
is caught in sediment traps together with newly-sedimenting material
which, for most of the year in the Peel-Harvey system, is composed of

microorganisms produced within the system.

Crude preliminary calculations indicate that an average of 80-85%
of the dry weight caught in our traps was resuspended material. At
times the trap collections were close to 100% resuspended material.
Because of its expectably higher nitrogen and phosphorus content,
newly—-sedimenting material probably contributed a greater fraction of

these elements than its dry weight contribution would indicate.

In the period from July 1978 to February 1980 measured
sedimentation rates at Station 1 ranged from 0.62 - 124 g dry
wt”hnz/day and 2 - 90 mg P/mz/day. During the same period rates
measured at Station 4 were 0.04 - 71.3 g dry wt/mz/day and 1.3 - 66 mg
P/mz/day. These represent gross sedimentation and resuspension and
should be contrasted to estimates of nett sedimentation. Treloar
(1979) gave estimates of long—term nett sedimentation rates varying
from 0.33 — 1.9 mm/year. If we assume that approximately 1 mm of

average consolidated sediment is buried each year, that would be
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equivalent to 3 g dry wt;/mz/ day and 0.3 mg P/mz/day.

The discrepancy between the sediment trap collection rates and
the long—-term nett sedimentation is probably accounted for by the
large resuspension component of the measured sedimentation and by
significant remineralization and recycling of phosphorus to the water
mass., The release of soluble P from sediment has been discussed
previously (Chpts. 6 & 7). Resuspension of sediments has a
potentially important role in this ecosystem due to its role in the
release of phosphate, its effects on the water column light regime,
and as a supply of energy to filter—-feeding organisms. Further
analysis of sediment trap data in conjunction with wind data will
hopefully clarify sedimentation and resuspension processes in the

Peel-Harvey estuarine system.
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SUMMARY

The distribution in time and space of several sediment parameters

has been described. The most significant aspects were as follows:

1. Sediments of the Harvey are generally richer in organic
matter, N, and P than sediments of the Peel Inlet.

2. Black ooze layers are highly enriched in N and P with a
consequently high potential to supply nutrients to the
Cladophora beds associated with these layers.

3. The highest levels of extractable N and P occurred
during the wettest winter of the study (1978).

4, The amount of N and P in the surface sediment is large
compared to the amounts in the water mass and benthic
biomass and may rival river flows as a source of
dissolved N and P.

Aspects of nutrient cycling between the sediments and water and
biomass are the subject of further study. The following points can be

made at present:

1. The adsorption/desorption characteristics of Peel Inlet
sediments indicate that these sediments would tend to
maintain phosphate concentrations in the water at 5 = 20
ug b/1.

2. Sediment core experiments have yielded release rates of
0 -4 mg P/m /day with the higher rates occurring under
low oxygen conditions (approx. 2 mg 0,/1) .

3. Resuspension of sediments is very significant and
accounts for 80 - 85% of the amounts collected by
sediment traps.

4, Long-term nett sedimentation rates of:?hosphorus are
estimated to be approximately 0.3 mg P/m“/day. Much of
short-term gross sedimentation is recycled.
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APPENDIX I
METHODOLGGY
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Analytical Methods

Ammonia: Dal Pont et al. 1974
Nitrate: Technicon method No 158-71W
Soluble reactive phosphate (SRP):

Acid molybdate—ascorbic acid method (Strickland &
Parsons 1968)

Wet/dry ratio:

Wet weight of sediment divided by its weight after
drying at 105°C for 24 hours

% water: l1-1/(W/D)
% organic matter: Loss on ignition at 550°C for 1 hour
NaCl extractable PO,:

20 g wet sediment was transferred into 250 ml
graduated cylinders and brought to 220 ml with 2M
NaCl, shaken end-over—end 10 times and allowed to
settle for 1 hour, centrifuged, filtered through
0.45 um Millipore filter, and analyzed for SRP as
above.

NaCl extractable N:

Aliquots of 2M NaCl extract (see NaCl ext. P) were
analyzed for ammonia or nitrate as above.

Sediment digestion:

100 mg dry sediment per pyrex test tube. Add 5 ml
conc. HNO,, heat at approx. 200°C for several
hours, add 5 ml of 70% perchloric acid, continue
digestion to dryness. Add 1 ml of conc. HC1l to
redissolve precipitate, dilute with DI water,
filter through Whatman 541 filter and make volume
up to 100 ml with DI water.

Total P: 10 ml of sediment digest (see above) was
neutralized with NaOH and HCl to phenolpthalein
end point and analyzed for SRP as above.
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Total N: Samples digested in conc. H580, in presence of
mercury catalyst. Analysis by Autoanalyser
Technicon methods No. 334-74W/B and No. 369-75A/B.

Organic P: Ashed and non—ashed sediment samples were
extracted with HCl, analyzed for SRP, and organic
P calculated by difference (Olsen and Dean 1965).

Phosphatase activity:

20 g wet sediment diluted to 100 ml with water in
erlenmeyer flask. Replicate samples of 2.5 ml of
dilute sediment removed from continuously stirred
solution. Each replicate sample added to a test
tube with 0.125 ml 1:1 (V:V) toluene/ethanol and
0.5 ml of 50 mM p-nitrophenyl phosphate (pNPP).
This mixture was swirled, then incubated at
ambient temperature (17-25°C) in the dark. After
1 hour, 0.5ml of 0,125 M CaC12 and 2 ml of 0.25 N
NaOH were added and the mixture was filtered
through a 0.45 um Millipore filter and absorbance
was measured at 410 nm. Parallel blanks run with
PNPP added after the NaOH, just bhefore filtering.
Standard curve run with p-nitrophenol.

B. Grid studies and high frequency sampling.

Core samples were collected in 45 mm diameter perspex tubes
for examination and then appropriate sections of 3 to 5 cores at
each site were bulked, subsampled, stored in ice chests and
returned to the laboratory where they were stored at 4°C until
analyzed. Extractions and phosphatase activities (when done)
were performed as soon as possible. Then the sediments were
dried for 24 hours at 105°C and further analyses done as
convenient,

C. Cores

Sediment cores were taken from a boat by pressing 45 mm
inner diameter perspex coring tubes into the sediment through the
use of a 3 m long handle with a one way valve in it. The cores
were transported to the laboratory and stored at 4°C until
processed. A superficial description of characteristics such as
color and texture variations with depth was made before the
sediment core was extruded and sectioned from the top. The first
2 cm from the sediment—water interface were sectioned at 5 mm
intervals and below the 2 cm depth 1 cm sections were taken and
further observations recorded.



Appendix I 63

D. Adsorption/desorption isotherms

Duplicate 5 g wet weight samples of sediment were
equilibrated with 350 ml of water through gentle shaking at 25°C
in the dark for 24 hours. The water used consisted of all
combinations of three concentrations of phosphate (0, 50 & 100 ug
SRP/1) and five salt levels (6, 11, 20, 28, & 40 g NaCl/1), thus
making 15 treatments. Controls (no sediment) were run for each
treatment. |H was monitored but not controlled. After 24 hours
of equilibrating the samples were centrifuged and filtered
through 0.45 um Millipore filters before analysis for SRP.

E. Sediment traps

Two types of traps were used to collect sedimenting
material. Both consisted of quadruplicate sample vessels
suspended at approximately 40 cm above the sediment-water
interface on a line hetween an anchor and subsurface float. The
earlier traps used jars with a 68 mm diameter opening and 120 mm
depth as collecting vessels. The newer traps used funnels (same
collecting area as the older jars) with vials attached to the
bottom. This second type of trap had significantly less problem
with periphytic growth than did the jar type collectors which had
greater surface area. Traps were left out for 1 to 2 weeks
generally before collection and analysis back in the laboratory.
Preservatives were not used.
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Table Ala.

mppencd o

Iy

March 1978 Grid Study data., Feel Inlet
surface sediments.
Station W/D % ORG  TOTAL P EXT. P04 TOTAL N EXT. NH4 EXT. NO3
2 1.33 1.8 37 .37 830 2.71 44
3 1.46 3.8 153 .02 1070 4.69 .9l
] 2.46 7.2 22 2.90 2280 8.96 .Bb
3 1,50 3.9 75 .26 950 2,99 .24
5 1.28 1.4 45 .98 410 4.34 .51
7 1,59 4.0 169 .27 1070 6.81 .97
8 1.35 2.2 33 .30 680 2.96 .30
9 1.3l i1 102 .95 1010 9,33 .60
1¢ 1,63 3.9 170 .30 1320 4,30 .23
11 1.25 1.3 20 .44 350 .90 .43
12 1,60 3.2 109 A4 950 3.97 . 94
13 1.68 4.6 127 .08 1320 -- .60
14 1.97 7.1 169 .32 1800 1.37 .67
15 1.24 1.3 3 A 470 2.46 3
16 2.04 6.2 170 .20 1800 7.39 .39
17 1.49 3.0 86 .12 830 3.64 .27
18 1.26 1.2 34 .04 590 3.30 .24
19 2.15 8.7 178 1.68 1800  18.40 .39
20 2.08 9.5 177 .36 1920  18.82 .37
34 4.42 22,9 431 14,14 3130 135.47 1.64
HEAN 1.76 3.0 130 1.23 1329 13.06 .33
n 20 20 20 20 20 19 19
aln 1.24 1.2 20 .04 350 0.90 .23
Ba 4.42 22.5 431 14,14 9130 135.47 1,64
Std Dev .71 4.8 97 3.1 1049 30,035 .30
Ycorrelations with Extractable NO3
n 20 20 20 20 20 19
r .798 732 710 876 172 .836
Jcorrelations with Extractable NH4
n 19 19 19 19 19
r .922 .913 835 .978 . 904
fcorrelations with Total Nitrogen
n 20 20 20 20
r .993 .984 967 .89
frorrelations with Extractable P04
n 20 20 20
r .920 .83 .831
frorrelations with Total Phosphorus
n 20 20
r .951 .933
Yrorrelations with Organic Hatter
n 20

r .980

x
[



Gpperndix T &8

Table Alb. March 1978 Grid Study data, Feel Inlet
non—ooze sediments.

Station W/D % ORE  TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3

2 .38 2.7 104 .41 590 == .90
3 L 2.8 137 .49 830 3.99 .49
4 141 3.0 74 .96 390 3.84 &
3 1.33 2.6 3 12 2040 1.36 .49
G 1.28 1.8 42 .2 %0 2,60 .46
7 L3 4.2 138 A2 890 3.32 .33
8 1.35 2.2 a3 .30 680 2,36 .30
) 1.48 2.4 83 .44 1190 6.1 .39
10 L3 G 170 1y 1320 4,50 .23
1 125 1.3 42 A4 370 1.58 .45
1z 163 4.5 134 Al 1320 2.61 .82
13 1.31 3.4 191 00 1070 3.64 .93
14 1,57 4.6 13 .09 1320 - .35
i 1.22 1.0 32 0t 390 1.33 .48
15 1.38 2.9 87 04 830 - L4t
17 1.38 1.8 33 01 830 3.44 .23
1 1.24 12 34 04 390 3,30 24
%] 1,38 K 40 .08 B30 6,14 .27
20 141 2.7 30 .28 930 9.25 .27
34 173 4.1 134 2.94 930 24.20 .67

MEAN 1.43 3.4 &8 . 38 30 4,85 45
n 20 20 20 20 20 17

min 1.22 L0 32 O 390 133 23
pas 173 11.8 191 2.96 2040 24,20

5td Dev (4 2.3 a2 b5 368 3.25 A3

fcorrelations with Extractahle HO3

n 20 2 20 20 20

r 319 -.308 341 L340 A3 .358
Jeorrelations with Extractable HH4

n 17 7 {7 1 17

r .60 il 223 JH35 0 - 004
trorrelations with Total Hitrogen

i 20 20 20 20

r 439 IN 295 -.058
Ycorrelations with Extractable PG4

n 20 20 20

r 498 -.002 182
Ycorrelations with Total Phasphorus

f 24 20

r . 786 . 164
Ycorrelations with Organic Hatter

n W

r L3948



Apperndix LI a9

Table A2a. August 1978 Grid Study data, Feel Inlet
swface sediments.

Station W/D % ORE TOTAL P EXT. PD4 TOTAL N EXT. NH4 EXT. ND3
2 1.38 2.6 115 .39 760 3.13 .87
3 1.67 9.1 240 .70 1120 3.49 1.63
4 3.83 27.8 818 2.38 9160 94,21 3,22
3 2,54 7.9 279 .47 3630 - 2.88
b 1.35 1.8 34 .30 620 1.34 .39
7 1.94 4.6 24] .60 1620 27.49 171
8 3.26 14.7 484  36.04 3390 331,33 3.94
9 1.36 2.2 30 .91 690 14,00 1.05
10 1,66 4.3 206 4.95 1480  103.99 .95
11 1.24 1.0 44 1.96 330 36.01 .48
12 1.53 2.9 113 1.43 980  62.78 .90
13 1.62 3.4 118 2.87 1120 68.07 .93
14 3.2 12.5 395 3b6.48 3370 323.07 1.16
15 1.22 g 16 1.13 250 27.31 .40
16 1.34 2,0 26 .37 620 41.68 .92
17 4.47 17.1 354 51.48 3670 619.79 2,36
18 1.28 1.0 25 .14 470 10.59 .49
19 1.36 1.3 33 .22 400 1.23 A5
20 1,35 1.9 21 .36 400 6.39 b7
36 4.44 21.5 398 109.21 3590 912,33 .98
HEAN 2.21 7.0 220 12,64 2183 141.860 1.25
n 20 20 20 2 20 19 2
min .22 .7 16 A4 250 1.2 .40
may 5.83 27.8 818  109.21 9160 912,33 3.94
5td Dev 1.34 7.8 233 21.24 2475 245,42 1.09
fcorrelations with Extractable KO3
n 20 20 20 20 20 19
r 90 .702 L7435 215 186 . 330
¥correlations with Extractable NH4
n 19 19 19 19 19
r 693 .688 679 .984 .38
Xcorrelations with Total Kitrogen
n 20 20 20 20
r .583 976 976 . 594
fcorrelations with Extractable PD4
n 20 20 20
r 524 . 639 6135
Xcorrelations with Total Phosphorus
n 20 20
r .978 .986
Ycorrelations with Organic Matter
n 20

r .980
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Appencdi=s T

Table AZb. August 1978 Grid Study data, Feel Inlet
non—ooze sediments.

Station W/D % ORG  TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3
2 1.58 2.6 115 .39 760 313 .87
3 1.67 9.1 240 L0 1120 3.49 1.45
4 1,39 1.6 100 .26 470 3.09 LA
5 {.42 1.9 b6 42 970 6.25 .62
6 1.35 1.8 34 .30 420 1.34 .59
7 1.94 1.5 241 (] 1620 27.49 1.71
g 1.84 5.3 151 9. 42 1550 74,58 2.21
9 1,38 2.2 5 .91 690 14,00 1,05
1 1,66 4,3 208 4,95 1480 103.99 .95
il .2 1.0 44 1.94 330 36,01 .48
12 1,53 2.9 115 1.43 98¢ 52.78 .90
13 1.62 34 118 2.87 1120 68,07 .53
i4 1,41 4.0 149 .17 1050 67.17 a2
g 1,22 0.7 14 113 250 27,31
14 1.3 2.0 24 37 520 41,68 52
17 1.44 2.4 76 4,15 890 41,22 99
18 i.Z8 1.0 25 4 470 10,59 A9
19 1,34 1.3 33 .22 430 1.23 45
20 .35 1.9 21 .36 400 5,59 b7
36 157 37 22 5.04 800 39.03 35
HEAN .49 2.9 97 1.65 820 32.95 77
i 20 20 20 20 20 20 20
ain 1.22 7 14 14 250 23 35
may 1.94 9.1 241 5,42 1620 103.99 2.21
Std Dev 20 2.0 il 1.80 308 30.76 50

Xcorrelations with Extractable NO3

n 20 20 20 20 20 20
r LT3 675 591 145 636 NUKS
fcorrelations with Extractable KH4
i 20 20 20 20 20
r 431 25 37 L16b . 356
Ycorrelations with Total Nitrogen
n 20 20 20 20
r L934 AN B35 444
Ycorrelations with Extractable P04
n 20 20 20
r 425 i3 . 348
icorrelations with Total Fhosphorus
n 20 20
r 894 .3k4
icorrelations with Organic Hatter
n 20

r 174



Appendi: 1T

Table AZa. March 1979 Grid Study data, Feel Inlet
surface sediments.

Station W/D % 0%6 TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3 ORG. P P'ASE

2 1.36 1.6 74 .78 860 9.57 .03 37.0  0.42
3 1.41 3.2 141 .68 860 8.07 .09 29.0 0.38
4 1.62 3.3 158 .64 1200 .89 .04 32.5  0.40
] 1,35 3.3 125 .07 860 1.53 .03 20.4  0.65
b 1.35 1.7 45 .04 590 3.12 .04 12.4  0.50
7 1.75 4.3 118 .19 1260  14.05 .04 20.4 0.48
3 3.56 18.3 436 1.49 4880  27.41 .08 134.0 1.B0
9 1.26 1.9 49 .29 590 9.29 .04 25.6  0.27
10 1,31 1.7 60 .09 790 7.35 .04 13.2 0.35
i1 1.27 1.3 104 A7 330 9.36 .04 17.0  0.40
12 1.98 6.8 246 .44 2540  23.30 .04 53.0 1.37
13 1.41 3.9 108 .22 720 13.03 .06 10.0  0.71
14 1,57 3.9 133 .10 860  19.52 .03 17.4  0.57
15 1.26 1.3 b6 .01 460 5.82 .03 8.8 0.81
16 1.42 2.0 105 .20 660 4,06 .00 13.6 0.83
17 1.30 .9 47 .09 320 1.00 .01 3.4 0.33
18 1.31 1.3 36 .00 590 8.07 .06 7.2 0.5
19 3.76 19.0 484 .30 6020  45.30 JA2 0 149,68 4.48
20 1.36 2.4 88 .09 790 2.24 .04 12.0  0.99
3b 1.84 6.5 175 .91 2730 15.99 .06 ==~ 0.3l
HEAN 1.68 4.4 140 .37 1406 11.46 .05 32.4 0.86
n 20 20 20 20 20 20 20 19 20
ain 1.26 .9 36 .00 320 .89 .00 3.4 0.27
mav 3.76 19 484 1.49 6020  45.50 .12 149.6 4.48

Std Dev .71 5.1 121 .38 1527 10.91 .03 40.5 0.93
icorrelations with Extractable HO3

n 20 20 20 20 20 20

r , 689 723 695 469 g2 .705
fcorrelations with Extractable NH4

n 20 20 20 20 20

r .860 .874 .82 . 440 .B835
Ycorrelations with Total Nitrogen

n 20 20 20 20

r .977 979 .947 .b2b
Ycorrelations with Extractable P04

n 20 20 20

r 601 .b24 .42
¥correlations with Total Phosphorus

n 20 20

r 974 977
Xcorrelations with Organic Hatter

n 20

r .993



Appencis 11 s

Table AZb. March 1979 Grid Study data, Feel Inlet
non—ooze sediments.

Station W/D % ORG TOTAL P EXT. FO4 TOTAL N EXT. NH4 EXT, NO3 ORG. P P"ASE

2 138 1.é 74 .78 860 9.57 L3 37.0 0.42
3 .41 3.2 141 .48 860 8.07 .09 29.0 0,58
4 {.57 2.9 87 41 1130 .32 09 3.8 0.20
5 1,55 3.3 25 07 86¢ 1.5 03 20,4 0,65
& 1,35 1.7 45 .04 590 3.12 .04 12,4 0,50
7 1,79 4.3 t18 .19 1260 14,035 .04 20.4 0.48
B 1,75 6.8 109 A2 1930 5.98 06 -~ 0.3
g t.28 1.9 49 .29 590 9.29 .04 5.6 0.27
{0 .31 1.7 b0 .09 790 7,35 .04 13.2 0.33
11 1.27 1.3 104 A7 530 9,36 .04 17.0 0.40
2 1.73 5.9 200 ! 1400 12,75 .08 10.6 0.50
3 .41 3.9 108 .22 720 13,03 b 10.0 0.7
1 1.57 3.9 133 L0 860  19.92 .03 17.4 0.97
13 {.24 .3 b 01 450 5.82 .03 8.8 .81
16 1.42 2.0 105 20 660 4,06 00 13.6 0.83
17 1.3 9 47 09 320 1.00 01 3.4 0,33
18 1.3 1.3 3b .00 5940 8.07 L0b 7.2 0,56
{ .64 5.5 124 05 1260 13,17 .05 t1.4 .54
My .34 2.4 83 .49 799 2.24 .04 12,0 0.99
36 INL] 3.2 59 .28 407 1,38 il 3.0 0.19
MEAN 1,45 3.0 94 21 843 1.47 05 16.0 0.59
n 20 20 20 29 20 20 20 19 20
min 1.26 9 34 00 320 32 00 3.0 0,19
may 1,75 5.8 2090 78 1930 19.52 07 37.0 1.54
Std Dev 7 1.7 41 2 390 5.22 02 9.6 0,30
Yeorrelations with Extractable NO3
fi 20 20 20 20 20 20
r RS 456 341 . 266 422 77
Icorrelations with Extractable HH4
n 20 24 20 20 20
r . 328 373 L 449 040 . 284
fcorrelations with Total Nitrogen
n 20 20 20 20
r .877 .849 L5935 -.026
frorrelations with Extractable P04
n 2 20 20
r -y - 144 101
fcorrelations with Total Fhosphorus
n 20 20
r aY. 23
Ycorrelations with Oroanic Matter
n 20

r 893



fAppendix T1

Table Ad4a. September 1979 Grid Study data, Peel Inlet
surface sediments.

Station W/D % OR6 TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3

2 1.34 2.4 112 .50 720 2,58 A3
3 1.46 3.2 146 .80 - 3.13 .24
94 4.43 24,6 434 .94 320 14.93 24
3 2,40 9.1 224 .42 1530 11.09 .34
b 1.34 2.8 110 .94 2000 3.69 b
7 1.52 3.5 181 .34 1460 4.85 .07
8 4.85 22.8 483 3.01 860  30.14 .21
9 1.28 1.9 79 .39 1260 3.24 .06
10 1.66 4.8 137 .73 1260 7.49 .04
i 1.22 2.1 33 .33 330 .94 A5
12 1.36 4.2 172 .65 390 4.63 .03
13 1.34 3.8 118 .33 720 3.67 .29
14 1.73 5.0 126 43 1260 6.18 .95
13 1.28 1.6 63 .18 320 3.73 .14
16 1.36 4.0 102 1.05 860 9.44 .21
17 1.87 4.8 177 .22 1330 2.81 .20
18 2,82 10.5 430 3.93 4140  29.00 -
19 1.36 1.9 3b A3 588 1.50 .04
20 1.25 .7 19 16 50 1.44 .06
36 3.46 18.3 439 2,75 4868  20.36 .42
HEAN 2.00 6.7 183 .90 1288 8.32 .21
n 20 20 20 20 19 20 19
ain 1.22 .7 19 A3 30 .04 .03
may 4.83 24,6 483 3.93 4868  30.14 .95
Std Dev 1.07 7.0 144 1,05 1243 8.74 .21

fcorrelations with Extractable NO3

n 19 19 19 19 18 19

r .219 .24 .226 . 189 .322 .245
fcorrelations with Extractable NH4

n 20 20 20 20 19

r .831 .807 913 .937 . 386
Xcorrelations with Total Nitrogen

n 19 19 19 19

r .303 . 323 .997 .704
Xcorrelations with Extractable P04

n 20 20 20

r .688 .654 .829
Ycorrelations with Total Phosphorus

n 20 20

r .935 .930
fcorrelations with Drganic Matter

n 20

r .987



Appendix 11

Table Ad4b. September 1979 Grid Study data, Feel Inlet
non—ooze sediments.

Station WD % ORG  TOTAL P EXT. FO4 TOTAL N EXT. NH4 EXT. NOS

2 1.34 2.4 12 .30 720 2.5 A3
I 1.46 3.2 146 .80 - 3. 13 .24
4 1.4% 3.2 73 41 330 2,54 .20
b 1.57 4.9 2 W25 390 3.02 A7
& 1.34 3.8 110 .54 2000 3.6% Jb
7 .80 8.0 132 92 1260 7.03 .18
8 1.53 3.8 103 b1 1200 3.87 .19
9 1.28 t.9 77 .39 1260 3.24 .06
10 .66 4.8 137 Wl 1260 7,49 .04
11 1.22 2.1 35 35 530 .54 15
12 1. &¢ 4,2 172 A5 390 4,63 .03
13 1.54 I8 t18 L33 720 5.47 .29
14 1.47 3.4 b4 23 339 2,467 A5
15 1.2 1.6 &3 A8 320 3.73 14
15 1.30 1.8 42 A5 190 1.86 .24
7 1,47 2.3 44 29 390 2.89 .0B
18 1.36 1.7 37 L2 590 2.99 04
19 1,36 1.9 36 A3 548 15 .04
20 [.25 g 19 A a0 .44 R
36 1.26 1.8 3 04 491 2,08 12
HEAN .42 3.0 84 40 693 3.33 14
n 20 20 2 20 {9 20 20
@in 1,22 7 19 04 30 ] 03
nax .80 5.0 172 92 2000 7.49 29
Std Dev .15 1§ 41 28 484 .77 08
icorrelations with Extractable NOJ
r 20 20 20 20 19 20
r 72 314 168 220 030 059
Ycorrelations with Extractable NH4
n 20 20 20 20 19
r .gog L7018 700 730 .ol4
icorrelations with Total Nitrogen
n (9 19 19 19
r 252 .387 319 . b2b
Xcorrelations with Extractable Phosphorus
f 20 20 20
r b .809 857
frorrelations with Total Fhosphorus
n 20 20
r .56 787
Ycorrelations with Organic Hatter
n 20

r 904



Table ASa.

Apperndi x

I1

sur-face sediments.

March 1978 Grid Study data,

~ !
~

Harvey Estuary

Station W/D % ORG  TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3

{ 2.73 11.4 322 - 2400 12.47 ———
21 1.57 4.5 {10 .08 1070 -—- .27
22 2.70 10.7 322 .78 2770 - 1,50
23 4.56 15.3 478 27.41 3740  95.08 1.50
24 3.04 14.5 309 1.95 2890  23.50 .46
25 1.34 2.3 65 b 390 3.98 .23
26 3.23 16.5 290 3.97 2770 19.99 1.26
27 1.32 1.9 o4 .01 330 4.71 .24
28 1.48 4.1 91 .24 1070 4.00 .27
29 2.37 11.7 263 1.54 2040 16.14 .36
30 1,23 1.3 33 .39 390 6.95 .22
31 2.71 13.7 323 .76 2160 6.23 A9
32 1.30 2.7 69 .69 1070 9.20 .23
33 3.97 14.5 934 15.56 2950  B1.78 5
34 1.32 7.3 49 A7 770 4,33 .24
35 1.68 4.8 119 .bb 1320 11.27 .30
MEAN 2.28 8.6 216 3.62 1796  21.42 .93
n 16 16 16 15 16 14 15
ain 1.22 1.3 49 00 330 .00 .00
Fay 4,56 16.5 534 27.41 3740  95.08 1.50
Std Dev 1.05 9.9 159 7.6b 1037 29.16 .48
fcorrelations with Extractable NO3

n 15 15 15 15 15 13

r .748 b33 .b76 621 .786 172
Xcorrelations with Extractable NH4

n 14 14 14 13 14

r .853 .284 .14 971 .758

Xcorrelations with Total Nitrogen

n 16 16 16 16

r .965 .925 9435 .bb2
Ycorrelations with Extractable P04

n 15 15 15

r .817 . 943 742
Xcorrelations with Total Phosphorus

n 16 16

r . 969 .889

¥correlations with Organic Hatter
n 16
r .904
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Appendis 11 7

Table ASb. March 1978 Grid Study data, Harvey Estuary
non—ocoze sediments.

Station W/D % ORG  TOTAL P EXT. PD4 TOTAL N EXT. NH4 EXT. NO3
{ 2,45 9.5 2 319 90 - A9
21 1.27 1.4 38 il 590 1.87 .24
22 1,31 2.3 32 .29 1070 4,30 .24
23 213 8.8 189 3,50 1800 24,52 xS
24 2.12 9.3 134 .72 1800 4.568 S
25 1.34 2.3 5 16 390 3.98 W23
26 3,20 13.8 222 1.18 2599 23,36 G
27 1.32 1.9 54 NU 330 4,71 .2
2B .39 2.5 33 L3 830 .13 .25
29 2.27 {l.s 182 2,66 1980 6.13 a0
30 1,723 1.3 a3 .39 590 6.95 .22
i 2.10 8.2 14 b5 1740 .00 .36
32 1.23 1.9 3 .18 590 5,15 W23
33 2. 7.2 108 28 1250 13,67 .34
34 1.32 7.3 49 A7 770 4,33 .24
i5 1.39 it 114 06 830 4,89 2

HEAK 174 5.8 107 .85 1134 B.05 33
i 14 15 16 14 14 13 16

pin 1.23 1. 3 {1 530 2.13 22

hax 3.0 {2.8 223 3,40 2390 24,52 .69

Std Dev .58 4.1 70 1.20 646 7.02 4

fcorrelations with Extractable RO3

n i& 15 14 14 16 15
r LB77 819 L903 77 a1l 72
Yrorrelations with Extractable NH4
| 15 15 13 13 15
r L7865 LbE2 744 bbb 709
fcorrelations with Total Mitrogen
I 14 {4 14 {6
r .818 830 L7038 LAA3
icorrelations with Extractable P04
n 14 14 14
r b3 651 783
Ycorrelations with Total Phosphorus
n 15 16
r N 877
fcorrelations with Organic Hatter
fi 16

r T19



Appendix 11 ey

Table Aba. August 1978 Grid Study data, HarVey Estuary
surface sediments.

Station W/D % ORG TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3

| 2.7 11.5 267 2.41 3050 9.02 1.31
21 1.36 1.8 67 3.43 330 68.59 .49
22 1.39 1.7 63 1.94 330 57.41 46
23 3.73 15.7 451 27.24 4520  313.06 1.44
24 3.35 17.2 4 23.33 9170 230.31 1.29
25 1.85 9.9 170 10.89 1840 B1.05 .97
2h 3.24 14.7 384 11,05 3720 177.13 .71
27 1,63 9.3 128 .62 1340 37.12 1.27
28 2.94 15.7 488  18.08 3310 157.17 74
29 1.97 1.7 188 9.56 1700  94.11 .39
30 1.29 1.0 42 10.25 400  64.21 43
31 2.99 12.1 364 1,05 2760 8.29 2.40
32 2.09 1.7 240 b4 1890 - .99
33 1.84 9.2 119 1.58 1160 4.61 .97
34 1.83 3.9 172 10.07 1600  93.81 .60
35 1.30 8 43 3.72 290 41.26 .29
HEAN 2.22 8.1 233 8.49 2213 95.81 .87
n 16 15 16 16 16 13 16
ain 129 .8 42 .62 290 4.61 .29
pay 3.73 17.2 44 27,24 3310 313.06 2.40
Std Dev .B2 3.7 166 8.32 1708 88.25 .99

Xcorrelations with Extractable NO3

n 16 16 15 16 16 15
r .638 . 982 .74 .060 .492 097
Ycorrelations with Extractable NH4
n 15 15 15 15 15
r 473 .54 697 . 941 .702
fcorrelations with Total Nitrogen
n 16 16 16 16
r 933 .978 .982 .7121
Ycorrelations with Extractable P04
n 16 16 16
r 633 034 .683
Ycorrelations with Total Phosphorus
R 16 16
r .952 .983
fcorrelations with Organic Matter
n 16

r 975



Table Ab&b.

August 1978 Grid Study data,
non—ooze sediments.

Station W/D

% ORG

!

—

—

s Ll pa i g LAt B e e om b kg
R R s TRV = IS I S |

—
=3

o LN kg T e

Apprerncdl «

TOTAL P EXT. PD4 TOTAL N EXT. NH4 EXT. NO3

267
33
63

184

317

170

384

128

488

188
42

364
72

119

172

2,41
1.38
1.94
.35
11,07
10.89
11.03
.62
18.08
9.34
10.25
.03
.

131
41
b
.81
b8
.97
.71

1.27
.74
.39
A3

2,40

{ 2.77
21 1,48
22 1,39
23 2.23
24 2.49
25 1.85
26 .24
27 1,65
28 2.94
29 1.97
30 1.29
K$ 2.99
32 1.54
33 .84
34 1,83
ki) 1.30

HEAH 2,05
n 16
ain 1.29
may 324
Std Dev  .b65

fcorrelations with Extractable NO3

f 16 14 14

r » 3hi . 480 477
frorrelations with Extractable HH4

n 16 6 16

r BKHKS 423 459
fcorrelations with Total Mitrogen

n 16 16 b

r L9147 969 977
Ycorrelations with Extractable P04

n 14 14 16

r 377 479 3
Ycorrelations with Total Phosphorus

n 16 16

r L350 978

Xcorrelations with Organic Matter

n
r 9

16
77

3050 9.02
620 115.73
330 57.41

1990 92,72

3140 105.81

1840 81,035

W 7713

1330 37.12

3310 157,17
1700 94.11
100 84.21

2760 8.29
870 3.15

1140 4,61

1600 93.81
290 41,26

1ggz 7141

16 16
290 3,15
3310 177,13
1403 53.28
15 16
72 =365
i6
495

7

Harvey Estuary



Appendix T1 7I

Table A7a. March 1979 Grid Study data, Harvey Estuary
surface sediments.

Station W/D % OR6  TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3 ORG. P P’ASE

{ 2,44 10.9 244 A3 3270 23.35 A9 1020 1.56
21 1.49 2.4 110 A5 790 16.72 .07 22.0 1.22
22 1.32 1.7 81 .01 390 4.94 .04 33.0  0.54
23 1.48 3.6 bb .24 330  14.98 .05 3.5 0.74
24 3.7 17.2 352 1.82 3680  28.20 .00 69.5  2.91
23 1.27 1.3 28 Al 190 6.85 .03 4.7 0.30
26 4.92 21.1 461 1.84 3470  71.44 .00 14.2  4.50
27 1.31 2.3 46 A7 390 13.98 .03 2,3 0.42
28 1.95 3.1 94 .10 860  16.20 .02 77.3  0.90
29 1.92 8.7 205 .35 2400  14.36 .04 6.9 1.36
30 1.29 1.6 38 .21 660  14.76 .01 28.5  0.4b
31 1.60 4.8 203 .3l 790 20.24 .04 43.5  0.96
32 1.33 2.2 130 .22 660  21.36 .04 36.7 1.2
33 2.99 11.0 298 .48 190  44.44 .06 98.0 1.16
34 1.62 1.1 191 .89 4680  21.74 .05 21,5 1.62
35 1.36 1.9 74 .22 2730  10.02 .06 88.5 0.49
MEAN 1.93 6.43 164 .30 1605 21.47 .05 4.2 1.21
P 16 16 16 16 16 16 16 16 16
pin 1.27 1.3 28 .01 190 4,94 .00 2.3 0.30
max 4.92 21.1 461 1.84 4680 71.44 A9 10,0 4.50
Std Dev 1.03 6.0 125 .97 1499 16.20 .04 32.8  1.08
Ycorrelations with Organic Phosphorus
n 16 16 16 16 16 16 16
r . 196 .269 .287 .026 .222 .048 477
Ycorrelations with Extractable NO3
n 16 16 16 16 16 16
r -.145  -,008 -.010  -.292 154 -.135
Xcorrelations with Extractable NH4
n 16 16 16 16 16
r .78 .840 .B69 742 .363
Ycorrelations with Total Nitrogen
n 16 16 16 16

r .46 .631 .992 L7110
Xcorrelations with Extractable P04

n 16 16 16

r .908 911 .B76
Ycorrelations with Total Phosphorus

n 16 16

r .930 960
Xcorrelations with Organic Hatter

n 16

r 971
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Table A7b. March 1979 Grid Study data, Harvey Estuary
non—ooze sediments.

Station W/D G TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3 ORG. P P'ASE

e

0

pr =]

1 2.44 10,9 245 A3 270 23.33 A9 102,00 1,56
21 .32 L5 &7 .03 460 3.19 .04 15.80  0.50
22 1.32 1.7 81 .01 390 4.94 .04 33,00 0.94
3 1,60 4.9 8 .03 790 - A5 26,50 0.39
4 2,69 13.8 100 .58 230 16,27 .03 89,30 0.84
23 1.27 1.3 28 Al 190 6.85 03 4,70 0.30
26 4,92 4.1 461 1.84 3470 71.44 00 14,20 4,30
i 1.31 2.3 46 A7 396 13.78 03 2,30 0.42
28 1.35 9.1 94 0 860 16,20 D20 77,300 0,90
29 .92 8.7 205 .53 2300 14.3b 04 bh00 136
3¢ {.29 1.6 38 21 560 1476 01 28,50 0.46
3 1,60 4.8 203 .51 790 20,24 04 43,500 0.96
32 133 2.2 139 .22 660 21,36 04 36,70 1.2
33 2.00 8.9 163 .37 260 16,50 .09 58.80  0.78
3 1.47 6.6 104 53 320 3.07 L6 21,000 0.29
38 1.36 .9 14 .22 2730 10.02 06 88.50  0.45
HEAN 1.84 8.1 132 .36 1235 17,44 A5 26 0.97
n 15 16 t4 th 14 15 th 16 16
gin 27 .3 28 .0t 199 3.07 .00 2,30 0.29
may 4.92 A 461 .84 3570 71,44 190 102,00 4.30
Std Dev .93 9.5 109 .44 1144 16.34 04 0 32,07 1.02

Jcorrelations with Organic Phasphorus

n 16 15 14 16 14 15

r L] . 261 RS =077 558 -.003 . 529
fcorrelations with Extractable KO3

R {6 16 16 16 16 15

r -.032 L0958 137 - 124 . 281 -.142
fcorrelations with Extractable NH4

n 15 15 15 15 15

r . 904 L7183 .B86 .BB3 13
Yeorrelations with Total Witrogen

n 16 16 16 16

r 07 692 683 602
fcorrelations with Extractable P04

n 16 1h 14

r ,897 842 903
icorrelations with Total Phosphorus

n i6 18

r .981 .38
Ycorrelations with Organic Matter

n 14

r . 950
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I

g1

Harvey Estuary

Table ABa. September 1979 Grid Study data,
surface sediments.

Station W/D % ORG TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. NO3
1 2,62 12,0 352 1.75 390  13.98 .35
21 1.33 1.6 67 .22 320 3.95 .06
22 1.42 2.3 103 A2 781 4.30 .06
23 5.23 20.1 314 12,87 4080  73.64 2,01
24 3.38 20.3 244 2,42 4610  30.18 .33
25 1.37 1.4 108 .84 782 5.80 .21
26 3.48 16.3 202 .63 1660  16.46 .42
27 1.32 1.3 46 .27 120 3.70 .09
28 2.50 10.6 216 .48 2326 13.34 A7
29 3.7 16.8 304 2.79 3221 21.3b .33
30 1.35 1.7 34 .12 320 4,75 .16
31 1.32 1.7 109 J7 774 5.45 .16
32 1.97 6.4 242 1.18 1556  16.49 .22
33 1.69 3.9 143 1.27 886 4.46 A3
34 2,05 7.6 194 1.52 1469 8.01 .20
35 1.3 7 b1 .09 295 2.93 .06

HEAN 2.38 7.8 171 1.75 1487  14.31 .32
n 16 16 16 16 16 16 16

Bin 1.30 .7 34 .09 120 2,93 .06

pay 3.38 20.3 352 12.87 4610  73.64 2,01

Std Dev 1.38 7.2 102 3.07 1388 17.43 .47

Xcorrelations with Extractable NO3
n 16 16 té 16 16 16
r 746 .69 .993 .980 bbb 974

icorrelations with Extractable NH4
n 16 16 16 16 16
r 8435 775 .653 . 954 797

Xcorrelations with Total Nitrogen
n 16 16 16 16
r 937 .B88 . 685 644

Xcorrelations with Extractable P04
n 16 16 16
r .691 .608 . 544

Ycorrelations with Total Phosghorus
n 16 16
r 746 .841

Xcorrelations with Organic Hatter

n
r

16
.958
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Table ABb. September 1979 Grid Study data, Harvey Estuary
non—ooze sediments.

Station W/D 4 ORG  TOTAL P EXT. PO4 TOTAL N EXT. NH4 EXT. KO3

1 2.62 2 352 1,735 590  13.98 .33
21 133 [.b &7 .27 320 1.93 .06
22 1.42 2.3 103 A2 781 4,30 06
23 1.99 7.2 134 3.30 1260 21,43 .24
2 3,38 20.3 244 2.42 4610 30.18 .53
23 1.37 1.4 108 .64 782 3.80 .21
26 3.48 16.3 202 .63 1660 16,46 .42
2 1.32 1.3 46 .27 120 .70 09
28 2,30 10.8 215 .48 2326 13.34 A7
29 3.77 16.8 304 2.79 3221 21,36 33
30 1.35 L7 34 72 320 4,75 .16
3 132 1.7 109 7 774 3.43 b
32 1.97 6.4 242 .18 1356 16.49 .22
33 1.49 3.9 143 1.27 886 4.44 A3
34 2,08 7.6 194 1.32 1469 8.0l .20
35 130 g b1 .09 2935 2,93 06
HEAN 2.18 7.0 150 1,13 1311 11,03 21
n 14 16 th 16 16 16 16
aln 1,30 7 34 .09 120 2.93 0h
ma 5.38 20.3 352 3.3 4610 30.18 .93
Std Dev 1.15 6.4 93 .98 1204 8.26 14

Icorrelations with Extractable NO3

n 16 16 16 16

r 904 907 120 629 795 .B&3
Ycorrelations with Extractable NH4

n 1h 14 16 16 16

r .882 .Baz L7068 J77 857
fcorrelations with Total Nitrogen

n 16 16 16 16

r 918 B34 .b19 . 583
rcorrelations with Extractable P04

f 16 14 15

r L3973 .599 976
ycorrelations with Total Phosphorus

n 16 14

r 099 .809
fcorrelations with Organic Matter

n 14

r 964
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Table Bl. Sediment parameter time series for STATION 1.

W/D %0rg.M. Extract. P Total P Extract. NH4 Extract. NO3 Total N %H20

DATE {ppe dry) {ppm dry) (ppe dry) (ppa dry) (ppa dry)
MAR78  2.39  10.4 3.19 274 12.7 0.69 1500 61.4
AUG78  2.77  11.5 2.41 267 9.0 1.31 3050 63.9
{3DECTB 2,74 1.7 2,25 183 26.1 1.06 2190 63.5
20DEC78  2.65  13.6 7.26 231 72,6 0.41 1843 62.3
J0MAR79  2.44  10.9 0.43 244 23.4 0.19 3270 39.0
INAY79 2,45 15,0 2.05 119 15.6 0.05 1847 39.2
224RY79 2,62 16.5 1.76 200 16.3 0.23 1762 61.8
13JUN79  2.57  16.0 2.88 180 1.1 0.31 2193 1.1
Ly 2,712 12,7 1.62 361 10.6 0.00 2610 63.2
2430079 3.00 13,2 2.42 121 15.7 0.03 2760 66.7
14AUGT9  2.85  11.4 1.64 184 13.3 0.06 2490 64.9
4SEP79 2,77 11.8 1.37 166 9.9 0.03 2800 63.9
145EP79 2,62 12,0 1.75 352 14.0 0.35 390 61.8
1BOCT79  Z.48  11.5 3.68 183 17.9 0.09 2000 39.7
INOYT? 2,75 14.9 3.12 23b 13.7 0.26 2640 63.6
2980v79 2,71 13.0 2.90 232 -- 0.21 2014 63.1
20DEC79 2,63  13.1 3.90 238 18.2 0.48 2304 62.0
10JANBO  2.60  15.0 3.18 273 10.6 0.27 2390 61.5
30JANBO 2,863 13.b 3.01 212 14.8 0.49 2026 62.0
22FEBBO 2,36 13.b 2,36 238 1.7 0.22 2639 39.6
26MARBO 2,73 17.6 3.05 172 -- 0.31 2530 63.4
Table BZ. Sediment parameter time series for STATION S.
/D %0rg.H. Extract. P Total P Extract. NH4 Extract. NO3 Total N 7H20
DATE {ppa dry! f{ppa dry) f{ppe dry) (ppa dry! (ppa dry)
HAR78 1,34 2.7 0.13 47 1.5 0.49 1973 25.4
AUG78  1.87 4.3 0.56 151 6.2 1,52 2034 6.5
JOHART9 1,35 3.3 0.07 125 1.5 0.03 860 35.5
22MAY79 1.33 4.7 0.34 49 3.6 0.02 463 34.6
13JUNT? 1,44 3.1 0.16 44 2.1 0.03 836 30.6
3J0L79 1.38 4.1 0.40 68 3.7 0.09 890 36.7
20079 L1 4.4 0.64 81 8.2 0.06 1210 42,2
14AUG79  1.50 3.0 0.44 60 1.1 0.03 780 33.3
4SEP79  1.49 3.9 0.39 80 3.4 0.02 1070 40.8
145EP79  1.84 6.2 0.30 127 3.6 0,22 735 45.7



Table B3,

W/D
DATE
MAR78 1.62
AUB78 4,47
{3DECTA 1,88
23JANT9 1.86
14HARTY 1,50
JOHARTY 1.5
1HAY7Y 1.97
22HRY79 1.60
13JUN79 1.42
JJUL79 1.78
24JUL79 1.69
14AUGTY 1.45
49EP79 1,73
145EF79 J.86
180CT79 1,85
THOYT79 1.84
Z9NOVTY 1,61
20DECTS 1.60
10JANBY 1,48
Z0dANBO 1,85
ZZFERBO 1.75
26MARBO 1,69
Table E4.
W/
DATE

HAR78 1.28
5UGTE 1,35
JOMARTY 1,35
{HAY79 1.49
22HAY7Y 1.40
12JUNTY 1.47
ZJUL79 1.38
2404079 1.40
14RUB79 1.42
45EFT79 1.42

145EF79 1.3

Sediment parameter time series for STATION 4.

L0ra.

)

Sediment parameter time series for STATION 6.

i0rg. M.

Cd wy o cod €A oo i oy
. - - « . - . -
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{
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0.
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.02
RO

—
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{(ppn drv)

0.
0.
.04
.04
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0.
0.
0.
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!
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b6
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&5
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di

83
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n
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i

B3
.91

41
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45
39
28
60
30
a0

M4

Appendd

Total F
{ppm dry)  (ppa dry)
104 6.4
a3 a1.8
100 7.2
131 28.9
73 1.7
105 0.4
155 13.8
72 1.3
97 3.0
105 3.7
88 3.3
83 2.8
92 30
382 12.4
101 3.1
165 --
122 4.2
103 5.5
99 4.8
109 3.1
126 6.7
100 --

Total P

{ppa dry)  ippe dry)
44 3.3
3 1.3
44 3.1
69 10.0
34 3.6
75 2.1
32 15
b4 5.2
38 1.4
65 2.5
110 3.7

I

Extract. NHY Extract. NO3

{ppa dry)

.58
2.18
0.33
0.23
0.08
0.08
0.02
0.02
0.12
.00
0.07
0.02
0.00
0.23
0.13
0.13
0.33
0.24
0.08
0.34
.29

Extract. NH4 Extract. NO3

{ppm dry)

0.48
0.59
0.04
.39
0.01
.03
0,90
(.06
0.03
0.00
0.14

Total N
{ppa dry)

728
5684
1
1478

900
1148
1709

404

970
1010

500
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1210

322
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1380
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Table BR5. Sediment parameter time series for STATION 7.

W/D %0rg.M. Extract. P Total P Extract. NH4 Extract. ND3 Total N %H20

DATE {ppa dry) (ppm dry) (ppe dry) (ppm dry) (ppa dry)
HAR78  1.58 4.1 0.20 164 3.1 0.55 980 36.7
AUG78  1.94 4.6 0.60 241 27.5 1.7 1620 48.5
13DEC78  1.95 9.3 0.82 157 - 0.56 1567 48.7
30HART9  1.75 4.3 0.19 118 14.0 0.04 1260 42.9
{HAY79  1.62 3.5 0.98 122 17.0 0.09 1140 38.3
22HAY79  1.45 5.9 0.85 99 3.6 0.00 1179 39.4
133UNT?  1.47 6.5 0.68 140 3.9 0.02 1 40.1
U7 LL70 4.8 0.56 121 3.9 1.40 960 41.2
28430079 1.8l 3.0 1.03 119 b.b 0.08 1270 44.8
14AU679  1.84 6.4 0.72 89 3.3 0.00 1380 45.7
45EP7?  1.82 3.3 0.63 98 4.2 0.02 1510 45.1
14SEP79  1.78 5.9 0.89 135 6.9 0.17 1272 43.8
180CT79  1.80 6.3 Li 154 3.0 0.10 1270 44.4
INOVT?  1.45 5.7 0.91 137 - - 1020 39.4
29N0V79  1.4b 4.5 1.02 145 3.8 0.09 769 39.8
20DEC79  1.73 5.4 1.02 130 4.6 0.28 1143 42.2
10JANBO  1.44 5.8 0.38 138 4.2 0.24 1395 39.0
30JANBO  1.6b 3.6 0.84 138 4.3 0.22 1020 39.8
22FEBBO  1.70 6.2 0.52 166 3.1 0.16 1571 41.2
26MARBO  1.54 3.9 0.52 100 -- 0.31 1073 39.1

Table BR6. Sediment parameter time series for FOST 46.

W/D ¥0rg.M. Extract. P Total P Extract. NH4 Extract. NO3  Total N  7ZH20

DATE (ppe dry) f{ppm dry)  (ppam dry) {ppa dry) (ppm dry)

130EC?8  1.74 4.9 0.33 84 7.0 0.44 1175 42.5
144AR7?  1.59 4.9 0.53 b4 3.6 0.14 538 35.5
13JUN79  1.58 4.6 0.89 67 3.2 0.03 484 36.7
JUL79 .48 4.8 0.98 39 4.0 0.27 710 40.5
20L79  1.47 3.9 1.34 73 6.9 0.11 170 40.1
14AUG79  1.86 4,0 1.29 b4 4.5 0.04 770 39.8
4SEP79  1.62 4.5 2.8 0.07 890 38.3

0.61 62
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Table B7. Sediment parameter time series for STATION 8.

W/D %0rg.#. Extract. P Total P Extract. NH4 Extract. NO3 Total N 1H20

DATE ippa dry} (ppm dry) (pps dry) {ppa dry) {ppa dry}
MAR?8  1.35 2.2 .30 33 2.6 0.50 4680 25.9
Aug7E 2,70 10.9 2379 39 228.6 3.25 3854 63.0
13DECTE .04 8.7 1.72 263 28.1 0.47 3184 47.1
20DECT8 3,08 14,0 3.69 280 49.2 0.41 2724 47.3
JOMAR7?  2.84 13.7 0.94 305 18.7 0.97 3700 64.8
IRAY79 3.3 14.2 3.23 224 28.1 0.13 3403 70.3
2MAYIS 4,65 26.2 3.53 434 36.7 0.00 4617 78.5
13UN7Y 3.6 17.2 3.20 394 19.5 0.00 3390 72.8
JuLre 2.9 1LLB 183 148 11,6 0.81 3770 bb.2
20L79 4,14 18.7 2.64 341 23.0 0.09 4740 75.8
14AUB7?  3.88  15.6 2,43 208 26.7 0.13 4630 74.2
4SEF7TY  5.48  19.1 0.86 202 30.1 0.18 £010 B81.8
145EF79  4.85  22.8 3.01 483 30.1 0,21 860 79.4
1BOCT79  4.19  19.1 3,44 424 3.1 0.24 3400 76.1
Nov7e 2.4l 11.8 0.73 207 - - 2690 38.5
2980V79 593 18.2 2.8 23 23,5 0.16 4900 74.6
20DEC7T9  2.12 8.5 .70 195 3.8 -- 2011 52.8
{0JANBD 3,93 19.0 1.38 394 25.3 0.12 4483 74.6
I0JANBD .67 14,6 1.69 258 14.4 0.35 2625 62,5
2ZFERBO .94 3.4 1.40 300 -- 0.25 B84 bb.O
J6HARBO  5.48  29.2 2.82 342 -- 0.55 6795 81.7

Table BB. Sediment parameter time series for STATION 31,

W/D %0rg.W., Extract. P Total P Extract. NH4 Extract. NO3  Total N %H20

DATE (ppm dry! ippa dry)  {ppm dry) {ppa dry) {ppm dry)
HRR78 2,10 9.3 .67 200 7.6 0,32 1824 32.4
RUGTS 2,99 2.1 1.05 3h4 8.3 2.40 2740 bb.b
JMARTY .60 4.9 .51 203 20.2 0.04 790 31.3
fARUGTS  1.69 4.3 1,13 118 3.3 (.02 1070 40.8
148EP79 1,32 1.7 0.77 109 5.4 0.18 774 24,2
29N0979  L.48 4.4 1.26 === 7.0 0.04 122 40,5
20DECTY 1,63 5.8 0.92 112 3.1 0.31 1208 39.4
fOJANBD 1,73 6.2 L13 131 4.2 0.41 1392 §2.2
JOJRNBG 170 3.2 1,25 113 4,5 0.18 770 41.2
268ARBO 1,57 3.2 1.27 128 -- 0.26 783 3.5
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Table Cla. Core profile data for STATION 1, 2B August 1979.

Wet /dry  AOrg. Mo Total P Total N % HZCG
(ppm) {ppm)
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ABppendix 11

Table Cib. Core profile data for STATIOM 1,

Total
(ppiml

Deapth
{cim)

Welt /dry  YOrg. M.

Sey7

46 September

Total N
{ppm)

zogg
2831
2501
2418
200
208E

1889
1674

1459

38

1977.
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Table Clc. Core profile data for STATION 1, 17 October 1979.

Depth Wet dry ZOrg. M. Total B Total N % HZ2
{om) o {(ppm) {ppm)

1.6 2EE 24354 62,5

tan Cry 5
3 i1.8 BO7 2522 &9 .7

B, 0

13.5 218 2819 58,2

S 14,0 215 28E1 &b 2
2 1E.4 23 2687 &5 2
R 1300 183 2869 &4, 9
- 5.2 185 2E1E &40 3%
W1 14.8 e b a4, 2
- A 118 2300 40,5
P 1.1 Iabales - Sb.7
: 13,0 99 1879 5705
12.6 v - 4.8

7

8.4 8é& 1514 45,
Pl e —— 51.0
1.5 109 1764 535.0
12,3 e e 59.0
17.4 1290 2809 &H5. 5
17.8 e - 66,2
18,2 110 B&ER &L 9

4

1617

~«green tinge —

A 4
arey. 1718 19.0 e e &8.
1819 18,5 g FEOD &8, 2
e o 1820 19.9 o e 67, b
grey. IREEN 19,3 119 E100 TR



Table C2.
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Core profile data for STATION 2
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Table C3. Core profile data for STATION 3. 4 July 1978.

Dapth Wet/dry %Z0rg. M. Total F Total N % HZEO
{em) {ppm) (ppm)

1,54 7.8 H25 19730 48,5
1.832 5.3 15%E0 4501
1. 54 4.4 35801
1.48 4.5 158 232

(OO
.74 7.2 245

tlar bk
b cwn

42.5
2.04 10.1 L2 2400 31.0
1.73 6.9 247 1600 42.9
1.59 8.0 18é 11750 2701
1,45 b 116 860 T1.G
: b G 121 F20 29.1
batd Y4 660 27.5
Ead Té 40D 24.8

. P
YR 2

tar

e

sy

g

21.9
21.9

20,6

A\ 4
deau ks
L L
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Appendix 11
Table C4a. Core profile data for STATION 4, 25 August 1977.

Depth Wet Adrsy Alrg. M. Total F Total N
{oim) Lppm) (ppm)

Table Cd4b. Core profile data for STATION 4, S December 1978.

Depth Wet dry  Alirg. M. Total P Total N W HED
o) {(ppam? {ppem
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Table C4c. Core profile data for STATION 4, 13 June 1978.

|
blaci
coze
B.0O.
fn

Leand

A

dark
arey
sand

Depth Wet/dry %“0rg. M. Total F Total N 724 H20
{cmi (ppm) (ppm)

Clad. e 37.7 1447 . -
0-0. 5 G3.82 26.7 Q12 10640 82.8
OuS-1.0 6.02 29.5 896 11170 8.4
1.0~-1.% 5,62 28.0 841 11310 81.9
1.5-2.0 T.035 26.7 TEE 10640 80.2
R 4.24 19.4 541 7420 746.4
A4 1.78 .7 141 860 4%.8
4-5 1.4% 2.0 72 390 30.1
G--b 1.3 - — 460 2.5
&7 1.3% 2.2 79 460 28.1
78 1.41 - e 460 29.1
a8-9 1.47 2. 110 320 32,0
7-10 1.48 e —— 330
10-11 1.50 L) 128 4560
1112 1.44 —— 49 590
12-13 1.61 .8 91 1060
1714 1.9 = ——— 0
14-13 1.82 2.7 72 590
15-~16 1.51 - - 590
1617 1.49 — 81 FYO
: 1.48 2.2 e 720
1. 4¢& —— - 4460 2.4
1.51 - Q7 790 33.8
1.%54 2.8 o 790 0.1
1.32 —— 75 790 4.2
.49 = e 590 32.9
1.47 2.0 85 590 3240
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Table C4d. Core profile data for STATION 4, 14 March 1979.

Depth Welt/dry A0Org. M. Total P Total N % H20
{om) (ppmd {ppm)

plant .84 o e e e &8B344 e
black -, 5 H. 24 26.8 &45 7144 8G.9
OoE e G, S-1.0 VLN 7.4 221 L4738 50.7

. SN T 8 L AR ) 2.4 111 TEEY 29.6
A 1.85-2.0 1,37 2.0 75 7506 27.0
EE 1.E59 @ 7E G687 2841
a1 2195 Z0.8
G4 440 ts I |
1
5
5

1. 44

st wen e JR— :_'1 EB "

T 402 26.5
--------- - 27.5
71 A 28. 64
e e —— Z.bh
TE 454 29.1

&7 &Hoh 1
Gardy T e
olay &% &2
53 E40

49 280
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Table CS5. Core profile data for STATION S, 13 June 1978.

Depth Wet/dry “0rg. M. Total F Total M % H20
{cm) {ppm) (ppm)

Clad. .86 19.1 ELE LLTO

50% Clad  0-0.5 .21 16.8 2164 4950

4 0.%5-1,0 g’ .8 2 Z30

B.0. 1.0-1.% .7 104 1200
oY 105200 2.7 42 1260 A

A e 1.8 27 860 R7.E
i 1.4 20 260 2.

4-5 1.3 22 530 22.8
black 56 oo e RN 21.3

1.1 84 90 2301
- RO 190 20.6
0.7 20 320 19.4

sand f—7

A 1011 1.4 O 20. 6
11=1%2 - ——- 25, 4

> 121 2.9 =7 29.1
8 ome1q —— . 28.6
Ho14-1s LR 49 1.5
arey T 18—-18 - o 26,9
sand 16-17 2. 63 29.1
718 - —e 29.1

1819 1.6 36 27,
19=20  1.2% - . 20.0
20-21 1.0 20 19. 4
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Table Céba. Core profile data for STATION 6, 1 August 1978.

Depth Wet  dry  %Org. M. Total F Total N % HZ
{om) {frpm) {ppim)

0 0=
Grid. 0, S--1 .0
frrowrr L0105
sard 1.

56 SO0
48
8g

hiack
gear

greenl sh
streals

Y

Table C&b. Core profile data for STATION &6, 20 June 1978.

Despethy Welt/diry  %hrg. . Total F Total M
femid {(ppm) (ppml

- 0.8 40
------- G. 4 27
- l':) . &}
- 1.6

- 1.1

bl ack

A=tuln
4

= oy
e L

........ 1.4 =0
0,9 20

— 0,8 18
-------- 0,7 Z¢
J/ O . 0.8 1&
G ] 1 - 0.7 14
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Table C7. Core profile data for STATION 7, 25 July 1978,

Depth Wet /dry  HOrg. M. Total F  Total M % H20
(cm) (ppm) {ppm)

SOme plant
Clad. O=0. 5 4. &€ 14.4 bbb 5750 78.4
e M) e ] L O) 2.98 8.8 474 AE10 Y-
1.0~1.% Ba02 5.0 289 2000 S50.

grey/,  1.5-2.0 1.81 4,8 272 1400 44,
b e BeE 1.77 4. DEG 1660 475
l e} 1.70 5 208 1530 41,
Y 4 1.64 4 1468 1660 9. <
black il 1.57 4.5 200 1260 6.
4

4

LA

RN RN

=
(s8]
w

139 1130 24,
.7 145 PO 22
—— 184 1060 ]
o | 57 1000 o I
- 184 1060 26T
b.b 16% 13350 x7.9
e 185 117350 o4
11.5 25 1170 43,9
E4

3

b

pEE = %

arey =1
mited 17514
A 14--1%
shells 185-14

—— E13E 1460 41.9
8.5 123 S90) 473,35
- 1466 11320 48.

16,5 1474 137350 48. 5
- 136 1490 49,2
1003 1465 1260 48. 32

17-18
18-19
1920
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Table C8. Core profile data for STATION 8, 29 August 1978.

Yt Wet Jdry Alrg. M. Total P Total W 7% H20
(el {ppmd {ppm)

108&0 o
; SHEB0 4.4
5B HFEGO 0.1
18.4 bH2éb H420 78.5
17.1 &0 &7 50 T7ELE
18.% 541 HHR0 7E. 4

550 &al. &

plant 0 e

f

b1 ack
Qo @

b7 175 1330 45.9
&k 158 1460 44,4
G d 121 | 260 40,1
At 7 4&0 BE.H

80 790 ER.0
) 838 S0 2ELE

190 20,6

el
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Table €9. Core profile data for STATION 24, 29 November 1979.

Depsth Wet/dry 7Zrg. M. Total F Total N 4 H20
tem)d {(ppm) {(ppm)
) 2205 Ahd S170 8.7
20.9 558 S5450 g2 2
16.7 Z6E 6750 81.%
20.5 &H42 5610 81.c
21.9 225 6EG5E0 8.1
21.7 122 24472 T7.5
21.4 69 F285 74,4

-
'~

.G
=120

-1.%

&

N UL LR WS O
~ (

~& e . - 7 4

-7 20. 4 65 117 75,0

.—.8 [, - [ 7 : N
black -9 20,2 44 Z110 7R

- e e 7R,
19.6& 298 E045 71.
..... e s - 7 1 "
16.2 176 2784 67.

i oo O

R [P, — ‘.55 N ':;

15.9 136 2631 &ELE

e e e &5, 3

14.6 110 Db 59, 0

) - i e 57 b
,,,,,,,,,,, A\ 1.8 5% 21E1 56. 1
A e e —— E7. 9
15, & 128 2012 LR

——— [ — ———— 65 " :\

ey 18.6 105 2E14 b A
s s v P 67 " ’:-

19.4 110 2298 67 .2

..... e en e b6,
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Table C10. Core profile data for STATION 28, S March 1980.

Depth Wet /dry  “Org. M. Total F Total M % HIZO
Coim)d L) {ppm)

11.4 19% 14461 S8.E
1.4 190 1679 -87.
11.6 245 18676 (he
15,3 218 1 &80 IR
14.4 R 2205 S58.8
12,4 2468 2318 &LOL 2
DTG e

black 14.7 2 275 S8,
e —— 59.5

12,7 195 27EE S8.7

e e - b b
11.5 141 S 2249 54,8

135 2E5E S b
7

4.8 112 2558 &HEL &

P 94 1707
7.7 129
4 . S ——
* 2.98 18.% g 2FT2 bé. 2
ey 2.94 e e - ~— 5.0

&
&80 108 2EE7 bHE.
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Table C11. Core profile data for STATION 31, 20 December 1979.

Depth Wet/dry %Z0Org. M. Total F Tetal N % H20
(ezm) (ppm) (ppm)

oxid. O-0. 5 1.74 4.4 177 1580 47,5
0.5-1.0 1.59 4.2 156 1690 7.1
.66 5.1 150 1750 9.8
1.71 5. % 149 1670 41.5
1.69 5 4 142 1680 40.8
1.58 4.9 110 LEEO Hh. 7
. A 1.47 .7 72 1000 TR0

4 oy 1.44 e — . T0. 6
black &7 473 b 70 0 0.1

blaclk
mucldy
clay

-t
2 z

sandy 78 x5 -~ e . 25.9
clay 1,358 1.9 2 390 24,8

.28 - s e 21.9
A PG 1.7 23 500 20.6
] —— ——e e 20,0

3 B3

: 0.8 12 170 18.7
yoles e e e 18.7
el 0.9 5 170 20.0

Uy soort o PR— oy o

QiIrey
clay

2
I
I
3

2.6 A A0 3.1
R s e apmee :’_\ 4 " :"
1,758 52 44 SO 27,5
1,39 e e e 28. 1
1.37 T 44 510 27.0
- 35 . 25.9
4, =31 E40 24,8
-------- 22 - 24,2

1.324 4.5 21 170 E85. 4

[ T ST S WAy S
»
4 A

g een
clay

¥ black sandy clay
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Table Ci12. Core protile data ftor FOST 46, 14 March 1979.

Wet/sdry  Alrg. M. Total P Total M % HZ0
{ppm) (ppm)

B.0. 18. 4
Y F0, A
A 14.,%

R 2510

2.5 2ERT70

2. DAL

= 2840
1 N ‘1,3 [ p—
1.é& EE 16E0 20,0

oL [ o ey o
el Wl alw D

¥ R a1 &S50

K 2 430
Y L0 o e
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e
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Figure Clb. Core profiles for Station 1, 6 September 1977
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Core profiles for Station 3, 4 July 1978
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Figure C4a. Core profiles for Station 4, 25 August 1977
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Figure C4d. Core profiles for Station 4, 14 March 1979
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Core profiles for Station 5, 13 June 1978
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% ORGANIC ppm PHOSPHORUS ppt NITROGEN
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Figure Céb.

Core profiles for Station 6, 20 June 1978
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Figure C7. Core profiles for Station 7, 25 July 1978
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Core profiles for Station 8, 29 August 1978
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20 60 100 5 15 25 100 300 500 . 700 1 3 5
R oxidized ] i /." .>. ] ‘\-\
P ] < _, —
“ I \. 7 / 1 \‘
34 ‘/ 1 1 ./ § ,/
cm o ! I 7 _/ . ] \.
5 1 k
. I ./ -! ) b .I
BLACK I { ] ‘ ] ’ ] l
9 4 | 4 i 1’
11 4 ! / i // .
I /1 ]
(T
: | ! 1 ! ‘
15 < \ : :
/ |1 .
v 17 A | 1 1
— 1 [ -/
19 4 ! 1 \ ] I
I o o
21 4 \ \ 4 / 1 \
GREY ] | ] ] |
23 - \ i 1 N .
T .

Figure C9.

Core profiles for Station 24, 29 November 1979
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Table Di. N and P in the top 2 cm of sediment.

HARCH 1978 AUGUST 1978

Extract. P Total P Extract. N Total N Extract. P Total P Extract. N Total N
STATION (ag P/m2) (g P/m2) (mg N/m2) (g N/s2) (ag P/m2) {g P/a2) (ag N/m2) (g N/a2)

! 30.0 3.0 125 22,3 22.2 2.9 95 28.1
2 10.3 2.1 85 18.7 6.3 2.3 82 15.9
3 15.3 3.9 1135 22.6 13.1 4.5 94 20.9
4 21.0 2.1 132 19.0 9.1 3.1 3n 34.9
] 3.7 1.3 39 50,7 4.8 2.9 94 31.4
6 12.1 1.3 116 14.7 8.0 0.9 92 16.5
7 4.1 3.3 115 20.0 9.0 3.6 436 24.2
8 8.0 1.4 83 18.1 271, 3.6 2521 40.5
9 15.6 1.9 194 24.4 23.9 1.3 396 18.2
19 9.3 3.2 90 23.1 93.4 3.9 1972 27.9
11 13.8 1.2 60 17.4 61.3 1.4 1140 10.3
12 2.8 2.1 82 19.0 30.8 2.9 1361 21,1
13 0.4 3.6 a8 23.8 36.3 2.3 1345 22,0
14 4.2 2.5 124 26.4 282.2 3.0 2510 23.9
15 1.9 1.0 76 16.8 36,3 0.5 894 8.1
16 1.9 2.3 158 23.1 10.0 0.7 1140 16.8
17 1.0 1.2 32 20.3 267.1 2.9 3213 29.3
18 1.2 1.0 107 17.9 4.1 0.7 326 13.8
19 4.0 1.2 i 21.3 3.8 0.9 44 10.5
20 5.7 1.9 210 24.9 9.6 0.6 194 10.7
21 0.9 1.3 60 18.3 63.1 1.3 2229 11.4
22 8.0 1.3 116 29.4 49.1 1.6 1465 8.4
23 83.6 2.4 390 21.7 165.2 2.8 1880 28,2
24 12.7 2.1 144 23.7 130,3 3.9 1266 34.3
23 4.3 1.8 114 153.9 174.2 2.7 1306 29.4
26 19.7 2.0 172 20.5 83.7 2.9 1347 28.2
27 0.3 1.5 138 14.7 11.8 2.4 731 25.3
8 3.3 2.1 97 24.3 154.5 4,2 13350 43.4
29 23.4 2.6 134 23.4 139.6 2.7 1380 24.8
3¢ 12.4 1.7 228 18.7 297.1 1.2 1874 11.6
31 10.1 4.3 85 28.8 8.8 3.0 89 23.1
32 13.3 1.3 225 23.2 8.6 3.2 36 25.4
33 48.2 2.3 344 17.6 25.5 1.9 84 18.7
58 4,7 1.4 127 21.4 163.7 2.8 15335 26.0
35 12.2 2,2 214 24,4 106.3 1.2 1187 8.3
36 74.0 2.4 718 26.9 368.8 3.1 4757 29.1
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Appendix 11

Table E1. Results of adsoption/desorption series for
Station 4 sediments.
Station 4 Station 4
& May 1980 Dec 1979
99 wet wt.=3.148+.009g dry (meantSE) 59 wet wt.=2.4698+,009g dry (meantSE)
Initial  Final Adsorption pH Initial Final Adsorption
[P04] (P04] {ug P/g dry wt.) [F04] [pos4] {ug P/q dry wt.)
3.8 13.5 -1.08 0.5 6.8 -0.82
12.8 -1.01 1.5 -0.91
0. 14 46,3 18.3 3.13 42.0 14.8 3.93
NaCl 16.5 3.33 12.2 3.89
94.8 25.4 1.76 98.4 27.6 9.24
31.0 1.13 - -
4.5 13.5 -1.01 1.2 8.2 -0.91
15.0 -1.17 8.6 -0.97
0.24 48.6 17.6 3.47 46.4 14.4 4,17
NaCl 17.2 3.51 17.0 3.84
94.4 28.4 7.38 99.5 21.8 10.14
29.5 7.26 25.1 9.71
4.9 14.6 -1.08 + 0.9 8.6 -1.00
15.4 -1.17 ¥ 9.3 -1.10
0,354 48.2 22.8 2.84 € 44,5 15.2 3.82
NaCl 22.5 2.87 ¥ 21.4 3.01
91.7 31.8 6.92 936 22,2 9.32
33.3 6.75 * 23.2 9.18
1.8 20.6 -1.88 3.1 15.9 -1.67
16.5 -1.42 15.6 -1.63
0,54 48.2 26.9 2.38 45.3 26.9 2.40
NaCl 26.6 2.42 24.7 2.69
95.6 38.9 6.34 97.7 39.4 7.61
39.6 .26 39.7 1.57
3.7 25.1 -2.17 4.2 19.2 -1.96
26.2 -2.29 18.6 -1.88
0. 46.3 29.5 1.88 48.6 29.5 2.49
Na€l 31.8 1,62 28.4 2.64
94.1 44,1 5.99 100.2 42.7 7.50
48.9 5.05 41.2 1.70
[HaCl] 0.1  G.24 0.35 0.34 0,7 0.i4 0.2 #0.02H 0.5H 0.7H
EFC {ugf/1y 14.0 14,7 17.1 22.1 29.9 7.9 9.9 1.7 19.7  23.3
r2 995 .996  .999  .997 .99l 998 .999  .995 .999 1.000

NN N gy
- - - - N -
o0 = o

NN NN
- D
— e — — N O o~ p~ &= &~ 0 O

O o 00O o W

O o O o O @
e e = e
[ 22 B SN 5 B NG [ &, [ -9



Appendis T

Table EZ. Fesultes of adsoption/desorption series for
Station & and Station 8 sediments.

Statdon
d May 1980

Jg wet wt.=3,81562.019g dry (meant5E) 5g wet wt.=1,1074£.003g dry {(meantSE)
Initial  Final Adsorption pH Initial Final Adsorption
(FO4] [FO41 fug P/g dry wt.! [PO4] (P04 {ug P/g dry wt.)
2.6 -- - 7.8 3l 5.4 -0.73
5.3 -0, 27 1.8 5.8 -0.86
0.1 37,1 7.0 1.84 7.9 50.2 4.3 14.60
NaCl 2.3 2.78 7.5 - ---
F6.1 53,1 304 8.4 2797 12,5 85.0
55,0 370 7.5 8.8 86.1
2.4 5.5 -4.27 7.5 3.3 3.6 -0.35
6.9 =0, 40 8.4 -- ---
0,21 8.4 27.7 1.94 7.9 5.0 5.5 14,15
Hall 28.4 1,84 7.8 20.5 9.70
95.7 7Z.8 2.1 9.0 286.5 11.4 §7.5
54.9 37 7.7 8.4 8.4
2.8 8.3 -(.,33 8.3 3.5 3.0 -0.48
1.8 -, 44 3.5 4.h -0.335
4,35 477 350 1,36 B.4 52,9 4.3 5.45
HaCl 7.3 1,85 7.9 3.6 11.86
951 57.8 25 8.5 282.7 8.8 87.15
63.5 2.91 8.2 7.3 87.4
2.6 1.2 - 79 8.7 3.5 3.1 0.13
5.8 -0, 30 .1 4.3 .
{1, 5 47.0 330 1.29 8.7 at.7 3.0 14,85
Hall 3.0 Ot 8.5 13.3 12.24
92.9 46,0 2.48 8.7 283.1 9.9 86.87
4.5 3.5 7.8 6.1 88.08
2.6 7.3 -0, 43 g.4 3.3 5.8 -0.73
&9 -0, 49 8.3 3.0 -0.48
. 7 48,3 7.3 1.75 7.9 48,3 3.1 14.37
Hall 38,3 0.92 8.8 10,7 11.96
98.9 87.8 1.95 8.2 292.5 9.5 90.0
£4.9 .2 8.2 6.9 94.8
[HaCll 018 0.2 0,35 0.SM 4.7 0. 0.2 033 0EM OLTH
EFC fughsly 4.8 127 L& 7.0 149 STR VIS £ (- S S Y T S -
r? A2t 852 M3 L9470 900 1,000 998,999 999 1.Q00
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Table EZ. Results of adsoption/desorption series for
Station 1 and Station 29 sediments.

Station 1 Station 29
200 May 1980 20 May 1980

S0 wet wt.=1.708%.005g dry (meantSE) 3g wet wt.=1.4734,007g dry (meantSE)
Initial Final Adsorption pH Initial Final Adsorption pH

[P041 (P04 {ug P/g dry wt.) P04} {P043 {ug P/g dry wt.)
-1.8 3.3 -1.06 7.2 0.8 - 7.1
5.3 -1.51 7.2 -- 7.1
0.1 44,1 7.4 7.59 7.1 45.7 7.2 9.23 7.2
NaCl 4.4 8.21 7.1 3.1 10.21 7.2
89.7 9.9 17.42 7.2 92.9 3.1 21.52 7.2
5.2 17.48 1.1 3.1 21,52 7.2
0.1 3.3 -0.66 7.0 1.9 6.5 -1.10 7.0
2.3 -0.46 7.0 6.1 -1.01 7.0
0.24 46,3 4.1 8.73 7.1 3.4 5.0 11.12 7.1
NaCl 3.7 8.81 1.0 6.8 10.69 7.1
91.1 12.8 16.20 7.0 102.3 2.7 23.87 7.1
4.1 18.00 7.0 2.3 23.96 7.0
0.8 5.5 -0.97 7.0 1.2 5.3 -0.98 1.0
2.8 -0.37 7.0 6.1 -1.17 7.0
0.3 44,9 3.3 8.40 6.8 48.7 3.1 10.93 7.1
NaCl 3.0 8.67 1.0 3.1 10.93 7.1
94,4 6.6 18.16 6.9 95.2 1.6 22.43 7.0
4.4 18.62 7.0 2.3 22,26 7.0
1.9 3.0 -0.23 6.9 2.3 4.2 -0.46 7.0
4.4 -0.52 6.9 6.1 -0.91 7.0
0,54 44,1 5.9 7.90 7.0 45.7 3.4 10.14 7.1
NaCl - -- 7.1 1.9 10.50 1.1
93.3 5.9 18.08 7.0 96.7 2.7 22.53 1.2
5.5 18.16 7.1 1.6 22,79 7.1
0.1 4.4 -0.89 7.0 2.3 6.1 -0.91 7.2
4.4 -0.89 7.2 3.3 -0.72 7.2
0.7 43.4 5.2 7.90 1.0 45.7 1.9 10.50 7.1
NaCl 4.8 7.98 7.0 2.3 10.40 7.2
91.1 5.2 17.77 7.0 87.6 1.9 20.54 7.2
4.4 17.93 7.1 3.4 20.18 7.1

[NaCl] 0.14 0.24 0.35 0.3 0.7 0.14 0.2 0.35 0.5 0.7H

EPC (ugP/l) 4.9 2.6 3.6 4.0 4.6 -~ 6.6 5.3 47 5.0

ri 999,994,999 1,000 1.000 -- 1,000 1,000 ,999 ,999



Table

Gg wet wt.=

E4.

Fppendi w2

Tl

on 24 and Station 7 sediments.

.399+.004g dry {meantSE)

Initial  Final Adsorption pH
[PD4] [FO41 {ug P/g dry wut.)

i1 -2.8 .98 8.9

2.7 -0.18 5.9
.1 37,4 -- --- 8.7
Hall 2.5 10, 69 6.7
89.7 5.7 L2 6.8

kA 2{.87 6.8
i i1 -0. 149 5.7

-3 -0.07 5.7
0,21 54,9 2.9 10.42 6.7
Hall 2.5 10,72 b.b
96,8 Lz 2215 b.b

36 27,04 6.6

L5 1.5 0,09 4.
3.5 -3, 25 5.7
.38 45,8 1.2 10,44 5.5
Hall 1.8 10.54 b.b
71.8 1.t 20,13 4.5

13.8 19.72 6.4
2.5 2.9 -4, 140 6.6

{.8 0. 18 6.8
0,54 34,5 2.2 10,70 b.&
Hall 2.9 10,52 6.8
71.48 5.1 21,67 5.6

§.2 21.14 4.8
3.6 1.3 0.53 5.9

1.8 0,44 7.4
0, 7H §2.4 2.2 1.7 6.8
Hall 2.2 16,17 5.8
91.1 10,3 20,43 6.8

6.1 21,49 5.8

(HaCl]

EED fug/li

r?

i L2 0,35
U 0.3 0.3
L5998 L0000 .994

03 G.7H
Lée 0.7
.999  .998

Statdon

.....

3g wet wt,=2.7

Initial
[PO4]

3
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-0.56
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Table Fl. Sediment trap data, Station 1.

TRAP  DATE IN  DATE TIME  DRY  SEDIMENTATION LOSS ON TOTAL TOTAL
TYPE COLLECTED OUT  HEIGHT RATE IGNITION PHOSPHORUS NITROGEN
(days) g} (g/82/day) {% (ppe dry wt) (mg/e2/day) (ppm dry wt) lag/a2/day)

jar  11-07-78  25-07-78 14  0.903  12.84 478 6.14 4030 9.7
jar  25-07-78 08-08-78 14 0,318 1.46
jar  0B-08-78 23-08-78 15  0.137 0.63
jar  23-08-78 20-09-78 28  0.252 0.62
jar  03-04-79  01-03-79 28 4.09 10.07 24,3 306 3.08 3630 36,3
jar  01-03-79  15-05-79 14  5.33 27.24 27.1 676 18.41 4800 130.7
jar  15-03-7%  29-03-79 14 19,40 95.57 21,6 770 73.39 3640 347.9
jar  29-05-79  05-04-79 7 450 44,33 23.7 700 31,03 6180 274.0
jar  05-06-79  26-06-79 21 1.04 3.42 21.8 588 2,01 4920 16.8

funnel 21-06-79  10-07-79 19 34,08 124,544 2.57 19.8 618 76.98 4840 602.9

tunnel 10-07-79  24-07-79 14 4,32 21.43+¢14.24 1150 24,64 2570 95.1

funnel 24-07-79  08-08-79 15  4.40 21.31415.22 20,2 1065 22,70 1830 39.0
funnel 08-08-79 22-08-79 14 4.8l 45.06+24.74 23.0 1081 48.71 1770 79.8
funnel 22-08-79  04-09-79 13 1.96 13.95¢ 0.20 25.9 1108 15.46 3790 92.9
funnel 11-10-79  01-11-79 21 3.43 11.99+ 2.85 24.3 122 14,71 2220 26.6
jar  18-10-79  01-11-79 14 22,87  113.44+38.64 -- 329 31.32 4240 481.0
funnel 01-11-79  21-11-79 20 1.74 B.06+ 0.97 17.8 1151 9.28 3210 25.9
jar  01-11-79  21-11-79 20 9.93 34,24 -- 767 26.26 3150 107.9
tunnel 21-11-79  06-12-79 15  0.28 1.29 23.3
jar  21-11-79  06-12-79 15  2.85 13.10 - 949 12,69 3720 74.9
funnel 06-12-79  20-12-79 14 1.4b 9.63+ 2.56 23.1 972 9.38 3370 31.8
jar  46-12-79  20-12-7%9 14 15.42 81.45+37.14 - 1114 90.74 2760 224,8
jar  156-01-80  06-02-80 21 13,32 44,05+17.17 20.0 759 33.43 5320 234.3
funnel 02-07-80 16-07-80 14 6.9 45.70¢ 4.71 24 790 36.10 7300 333.6
tunnel 30-07-80 28-08-80 3! 3B.17 85.50+56.67 19 930 79.52 4800 410.4
funnel 2B-08-80 09-99-80 12 31.96  185.19 24 940 174,08 6500 1203.7
funnel 09-09-80 23-09-80 14 4,95 32.74+10,22 25 970 31.76 6700 219.4
tunnel 23-09-80 07-10-80 14  B.36 42.46+410.07 24 860 36,52 6500 275.9
funnel 07-10-80 22-10-80 15  3.44 16.85¢ 3.01 20 930 16.01 6700 112.9
funnel 22-10-80 05-11-80 14 2.2 14,62+ 3,48 25 460 6.73 8200 120.3
funnel 05-11-80 1B-11-B0 13 1,58 11,25+ 0.49 25 970 10.91 7300 82.1
funnel 18-11-80  02-12-80 14 4,92 24.41+10,64 25 1080 26.36 7800 190.4
tunnel 02-12-80 16-12-80 14 3.44 17.06+ 6,53 23 1090 18.60 6700 114.3
funnel 16-12-80 13-01-B1 28 14.54 36.06410,06 26 830 29.93 3400 194.7
funnel 13-01-81 10-02-81 28  15.66 38.84+ 7.64 24 940 36.51 6700 260.2



TRAR
TYPE

jar
jar
iar

iar
jar
iar
jar
iar
jar
jar
iar
jar
jar
jar

jar

jar
jar
jar
tunnel
tunnel
funnel
funnel
funnel
funnel
jar
tunnel

iar

funnel
funnel
funnel
jar
funnel
jar
tunpel
jar
funnel
funnel
funnel
funnel
funnel
funnel

DATE IN

16-05-78
30-05-78

13-06-78

11-07-78
25-07-78
08-08-78
14-68-78
18-03-78
05-09-78
03-10-78
10-10~78
07-11-78
22-11-78
05-12-78
19-12-78

04-02-79

2-02-79

01-05-79

21-04-79
10-047-79
284-07-79
22-0§-79

§-09-79
{1-10-7%
18-10-79
01-11-79
01-11-79
15-11-79
29-11-79

20-12-7

25-03-80
49-04-80
23-04-80

Table FZ2.

DATE
COLLECTED

30-05-78
{3-06-78
27-05-78

75-07-78
(i9-08-78
14-98-74
18-08-74
05-09-78
03-10-78
{0-10-78
24-10-78
22-11-78
(i5-12-78
19-12-78
49-01-79

20-02-79

1378

LA

22-18-79

19-09-79
1-10-77
ai-11-79
01-11-79
{5-11-79
ta-11-79
29-11-79
20-12-79
§1-80
05-01-80
16-01-80
16-31-80
04-02-30
(6-0%-80

27-02-80

12-03-80
2h-3-80
49-04-80
Z3-04-80
(15-05-80

TIHE
aut
{days}

14
14
14

19
14
29
28
2z
il
14
14
14
i4
21
14
14
i3
12
2
21
21
14
14
i4
i4

13

DRY  SEDIMENTATION
WETGHT RATE

{g) {g/nilday)
7.98 39,73

4,008 0.04

0,037 .18

0.37 1.82

0,02 0,14

0,018 .14

0.051 4,94

0,052 0,03

0.39 .96

0.0 0,20

0,09 0.44

3.4 16, %

2,63 13,9

4,29 2.1

§.93 §3.4

0,303 1,49

0,583 191

2.08 5,87

2,407 7.55¢ 1.9
2,82 {1,494 1,54
2,87 5,88+ 2.71
2,20 S.444 0,22
3.44 10,84+ 0,22
2,07 &.84+ 0,87
8.20 40, 67427.1
3,75 23,43
14.48 71.33

4,37 21,58+ 4,33
5. 06 16,734 1,92
t.83 9.08+ 1.40
0,49 241

1.88 10,02+ 2.40
.94 5.09

2.28 7.04+ 1.38
1.3 17,33

3.08 16,18+ 1,48
2,85 13,15+ 370
3.86 29.07+10.5
4,61 22.871+ 7.17
2.55 12,483

0.74 3.93+ 1,52

Sediment trap data,

Fppernidi s
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IGNITION
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L Ced G g
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29

1

PHOSPHORUS

741

1530

1355

1045
1142
1112
1138

1148
866

840

924
1130
982
{102
1022
1286
794
1072
930
372
10410
1007

1194
1248

82
1236

760
1440
1600
130
1000
1060

29,

18.

=

e

46
49,

23

x|

21

i

a9

S

44.
28,
12,

4.

Station 4.

{ppr dry wt) (mg/m2/day)

07

.10

.30

]
I

i

39

43
19

§170

3670

1510

9510
8940
9330

7100

6110
9230

11580

11950
130847
10400
1140
9000
9000
7440
10930
10040
9130
9430
111460

10090
8600
9150
8130
9600

300

10000

1780

14300

12300

124

T0TAL
NITROGEN

{pom dry wt) {pg/a2/day)

359.7

160,
124,
194,
394,

0 S0 oon

79.0

50,
130,
1.
&0,
97.
a1,
302,
23b.
716,
197,
157.
101,

fod €0 ~0 e Lod O O~ ~J =4 LN 4 10

100.2
43.8
69.0
140.9
97.7
2.3
290.7
267.6
186.9
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STATION 4
Sediment Trap Data
(continued)

TRAP  DATE IN  DATE TIME  DRY  SEDIMENTATION LOSS ON TOTAL TOTAL
TYPE COLLECTED OUT  KEIGHT RATE IGNITION PHOSPHORUS NITROGEN
{days) g} {g/a2/day) {4} (ppa dry wt) (mg/e2/day) (ppa dry wt) {(mg/a2/day)

funnel 06-03-80 04-06-80 29  10.18 24,38+18.05 28 710 17.31 9500 231.6
funnel 18-06-80 02-07-80 14  1.34 8.86t 1.26 23 670 5.9 9100 80.6
funnel 02-07-80 16-07-80 14  1.80 8.93+ 0.58 34 820 7.32 13700 122.3
funnel 16-07-80 30-07-80 14  0.24 1.09+ 0.38 34 1360 1.48 14900 16.2
funnel 30-07-80 28-08-80 31  6.53 14.63¢ 5.05 30 1040 15.22 10100 147.8
funnel 28-08-80 09-09-80 12 1.92 11,06+ 5,02 31 630 7.19 11400 126.1
funnel 09-09-80 23-09-80 14  1.38 9.13¢ 1.11 30 390 5.39 10300 94.1
funnel 23-09-80 07-10-80 14 1,70 8.43¢ 0.38 28 680 3.73 10700 89.8
funnel 07-10-80 22-10-80 15  1.93 8.94+ 1.37 29 530 4.74 9300 84.9
funnel 22-10-80 05-11-80 14  0.53 3,51t 1.35 30 800 2,81 14200 49.8
funnel 05-11-80 18-11-80 13 0.36 2,36+ 0.86 29 1130 2,94 14900 38.1
funnel 18-11-80 02-12-80 14  3.42 16.96% 2.36 29 800 13.57 7800 132.3
funnel 02-12-80 16-12-80 14 1.42 7.04+ 1.03 30 840 5.91 13600 93.7
funnel 16-12-80 13-01-81 28  35.00 16,53t 6.16 29 2330 38.52 8170 135.1
funne]l 13-01-81 10-02-81 2B 11.39 38.29413.93 27 1830 70.07 9500 363.7

Table F3. Sediment trap data, Station 7.

TRAP  DATE IN  DATE TIME  DRY  SEDIMENTATION LOSS ON TOTAL TOTAL
TYPE COLLECTED OUT  HWEIGHT RATE IGNITION PHOSPHORUS NITROBGEN
(days) (g (g/e2/day) (%) (ppe dry wt) {(eq/s2/day) (ppa dry wt) {(mg/s2/day)

funnel 21-04-79 10-07-80 19 10.23 37.37+ 2,57 21.4 650 24,40 7400 274.7
funnel 10-07-79  24-07-79 14 3.30 17.34+ 1.48 22,4 830 14.38 7700 133.9
funnei 24-07-79 14-08-79 21  0.12 0.39+ 0.24 -- 1290 0.50 10200 3.9
funnel 14-08-79  22-08-79 8 1077 93.44+28.14 23.9 620 58.12 7600 713.9
funnel 22-08-79 04-09-79 13 1.79 9.55¢ 2,02 25.2 900 8.55 9400 89.6
funnel 18-09-80  25-09-80 7 1.98 19.44+ 2,71 20.4 490 9.51 6200 121.1
funnel 25-09-80 11-10-80 16  4.88 21,19+ 3,22 26.4 910 19.24 1400 29.9
funnel 11-10-79 01-11-79 21  3.83 12,72+ 1.47 21.7 1090 13.83 1300 17.0
funnel 01-11-79 15-11-79 14 5.5l 27.14+ 28.35 940 25.54 7900 216.3
funnel 16-07-80 30-07-80 14  0.27 1,34+ 0.91 32 910 1.22 13400 17.9

~

funnel 30-07-80 20-08-80 21 1.l 7.74¢ 1.98 33 540 4.18 10300 79.7

funnel 23-09-80 07-10-80 14  3.48 17.26¢ 7.14 23 1060 18.30 8400 144.9



TRAP
TYPE

funnal
tunnel
funnel
funnel
tunnel
funnel
funnel
funnel
funnel
funne!
tunnel
funnel
funnei
tunnel

funnel

funnel
tunnel
funnel
funne!
funnel
funrel
tunfel
tunnel
funnel
funnel

funnel
funnel

DATE IN

21-056-79
{0-07-79
4-07-79
(8-08-79
72-08-79
04-09-79
19-09-79
25-09-79
H-10-79
25-10-79
01-11-79
7-11-7¢9
21-11-79

06-12-79
16-01-84

26-07-80
12-03-50
26-03-80
09-04-80
23-04-80
{16-05-80

5-80)
04-05-80
{8-116-80
0F-07-80

23-08-80
19-05-80

Table F4.

DATE TIHE  DRY
COLLECTED  OUT  WEIGHT

{davs) g}

1i-07-79 1% 35.94

24-07-7 14 4.3z

08-~08-79 15 4.78

22-08-79 14 13.98

04-4%-79 13 10.41

19-09-80 18 0.7

25-09-79 6 .2

{1-10-79 th i i

25-10-79 14 7.65

0f-11-79 722,38

07-11-79 & B.44

21-11-79 14 4.7

{5~ o 1079

20-12-79 14 1179

16-01-80 & G488

{4 16,73

14 14,59

14 LI

IE I 3

3 .40

20-05-80 4 231

14-04-80 15 1837

18-05-89 4 240

o ; 14 28.83

2/ 8T

iz 11

14 11,40
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FHOSPHORUS

760
394
a09
638
gaz2
668
701
813
1932
621
782
81z
714
743

o2

550
570
590
870
780
510
616
510
609

750
880

{ppa dry wt) (ag/m2/day)

99.79
24.51
13.48
44,22
45.80
10.89
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42.68
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139.12
73.86
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35.42
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TRAP
TYPE

funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel

funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel

TRAP
TYPE

funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel
funnel

DATE IN

21-06-79
10-07-79
24-07-79
08-08-79
22-08-79
04-09-79
25-09-79
11-10-79

16-07-80
30-07-80
28-08-80
09-09-80
23-09-80
07-10-80
22-10-80
18-11-80
02-12-80
16-12-80
13-01-81

DATE IR

21-05-79
10-07-79
31-07-79
22-08-79
04-09-79
25-09-79
11-10-79
01-11-79
21-11-79

Table F5. Sediment trap data, Station 3i.
DATE TIME  DRY  SEDIMENTATION LDSS ON TOTAL
COLLECTED OUT  HWEIGHT RATE IGNITION PHOSPHORUS
(days} o) (g/@2/day} {%) (ppe dry wt) {mg/e2/day)
10-07-719 19 12,76 46.62+15,2 21.3 651 30.35
24-07-79 14 5,74 28,44+ 3.57 24.4 1106 31,45
08-08-79 15  0.80 3,67+ 0,61 - 1361 4,99
22-08-719 14 5.42 26.85+ 5.53 23.5 1236 33.72
04-09-79 13 2.92 15.63¢11,17 24,3 1280 20,01
25-09-79 21 B.07 26.30 22,5 1362 36,09
11-10-719 16 4.93 21,41+ 6,61 24,7 1590 34,04
01-11-79 21 4,50 14,89+ 1,39 23.6 122 18.26
30-07-80 14  1.88 9,33+ 5.30 30 640 9.97
28-08-80 31 11.95 26,77+ 2,08 24 1780 47.63
09-09-80 12 7.02 40.63+14,33 24 1310 53.23
23-09-80 14 3,42 23.94+ 1,39 25 1390 33.28
07-10-80 14 1.71 11.31+ 0,91 22 1210 13.69
22-10-80 15 0.78 14,44 26 1540 22,23
18-11-80 28 4.35 10.79+ 0.83 27 1980 21.36
02-12-80 13 2.B4 18.78+ 2,49 -- 1720 32,30
16-12-80 14 3.75 24,80+ 2,19 2 930 23.06
13-01-81 28 12.99 32,22+ 4,29 2 1320 42,53
10-02-81 28 18.04 59.66412.83 26 970 37.87
Table F&6. Sediment tirap data, Station 3=8.
DATE TIME  DRY  SEDIHENTATION LOSS ON TOTAL
COLLECTED OUT  HEIGHT RATE IGNITION PHOSPHORUS
ldays)  ig) (g/s2/day) {%) {ppa dry wt) (mg/a2/day)
10-07-79 19 9.70 35,45+ 4.83 17.5 363 19.96
31-07-79 21 4,12 13,61+ 2,14 -= 1068 14,54
22-08-79 23 11.49 39,60+ 5,05 23.3 851 30,30
04-09-79 I 502 16,12+ 1,55 14,7 588 9.48
23-09-79 21 5,03 16.70¢ 2,52 16.4 463 1.73
11-10-79 16 16,74 72,65+ 5,57 15.8 320 37.78
01-11-79 21 7.60 25,13+ 0,78 13,2 464 11.66
21-11-719 20 6.13 21.29¢ 4,66 15.3 361 11.94
06-12-79 15 9.20 2,30 16.3 312 24,20

Appendix 11

(ppa dry

3540
4100
4160
1840
2670
4660
3250
4340

7800
7500
6000
8200
6900
9400
6500
8600
7900
3200
6100

(ppa dry

2230
2660
2890
3180
3260
4000
2230
1400
3850

131

TOTAL
NITROGEN
wt) (ag/a2/day)
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72.8
200.8
243.8
196.3

78.1
135.4

70.1
161.3
195.9
167.5
363.9

TOTAL
NITROGEN
wt) (mg/m2/day)

79.8
36,
102,
al.
87.
290.
36,
29,
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