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Figure 4.1. Water column temperature profiles at North
Station.
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Figure 4.2. Water column temperature profiles at South
Station.
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Figure 4.3. Water column salinity profiles at North
Station.
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Figure 4.4. Water column salinity profiles at South
Station.
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Figure 4.5. Density (sigma t) profiles at North Station.
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Figure 4.6. Density (sigma t) profiles at South Station.
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Table 4.1
Density3 (p) difference between surface and bottom waters

at North and South Stations
Month Stnb Surface p
Feb N 1.0084

S 1.0068
Apr N 1.0074

S 1.0092
Jun N 1.0052

S 1.0053
Jul 6 N 1.0062

7 S 1.0065
Jul 26 N 1.0053

27 S 1.0063
Sep N 1.0077

S 1.0084
Oct N 1.0118

S 1.0122
Dec N 1.0114

S 1.0125
Feb N 1.0128

S 1.0131

p difference in
Bottom p a t unitsc
1.0164 8.0
1.0163 9.5
1.0135 6.1
1.0141 4.9
1.0117 6.5
1.0119 6.6
1.0101 3.9
1.0105 4.0
1.0102 4.9
1.0106 4.3
1.0125 4.8
1.0127 4.3
1.0150 3.2
1.0150 2.8
1.0148 3.4
1.0147 2.2
1.0172 4.4
1.0174 4.3

a - density in g/ml; calculated from the equation of state 
of seawater at one standard atm pressure 

b - N = North Station, S = South Station 
c - at is calculated as (p-l)xlO
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Figure 4.7. Dissolved oxygen profiles at North Station.
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Figure 4.8. Dissolved oxygen profiles at South Station.
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winter (December to February) and lowest in summer, Taft 
et al. (1980) and Officer et al, (1984) reported similar 
bottom oxygen concentrations from winter to summer in the 
mid-Bay. Saturation values were calculated and are given 
in Appendix B. The top 5 m of the water column was 
saturated with oxygen throughout the year. Below 10 m the 
degree of saturation at both stations decreased during 
summer (June to September).
Hydrogen Sulfide

Dissolved hydrogen sulfide concentrations in the water 
column are shown in Fig. 4.9. Highest hydrogen sulfide 
concentrations were found towards the end of July, with a 
maximum value of 10.5 jxmol/L at North Station and 13 jzmol/L 
at South Station. These values were higher than the 
maximum concentration determined at mid-Bay in July 1986 (3 
/mol/L; Chapter l), but lower than the maximum value 
obtained in June 1987 (40 ymol/L; Chapter 1). Gavis and 
Grant (1986) reported summertime hydrogen sulfide 
concentrations of 13-14 /imol/L in the mid-Bay which are 
similar to those seen in this study.
Nutrients

Water column profiles of nitrate, nitrite, ammonia, 
phosphate, and silicate from February 1988 to February 1989 
at North and South Stations are shown in Figs. 4.10-4.19.

In general, surface water nitrate concentrations were 
highest in winter and lowest in summer (Figs. 4.10-4.11).
In addition, nitrate concentrations in surface waters were
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Figure 4.9. Water column hydrogen sulfide profiles at
North and South stations.
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Figure 4.10. Water column nitrate profiles at North
Station.
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Figure 4.11. Water column nitrate profiles at South
Station.
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higher than the bottom waters. The highest surface nitrate 
concentrations were 35-47 /xmol/L, while the highest bottom 
water nitrate concentration was 10 /xmol/L. The surface 
nitrate concentration reported by McCarthy (1975) and 
Fisher et al., (1988) are in agreement with the 
concentrations found in this study. Nitrite concentrations 
were also higher in the surface waters than the bottom 
(Figs. 4.12-4.13). Maximum surface (6 /xmol/L) and bottom 
(2 /xmol/L) nitrite concentrations were observed in October, 
while minimum surface (0.2 /xmol/L) and bottom (0.04 /xmol/L) 
values were found in July.

There was a general increase of ammonia concentrations 
with depth, especially from June to October (Figs. 4.14- 
4.15). The highest surface water ammonia concentration of 
10 /tmol/L was observed in April, while a minimum 
concentration of 0.3 /xmol/L was seen in July. A similar 
maximum value of 5 /xmol/L was reported by Fisher et al. 
(1988) for March in surface waters at mid-Bay sites.
Ammonia concentrations in the bottom waters were lowest in 
winter (2-4 /xmol/L) and highest in summer (23-30 /xmol/L) .

To illustrate nitrogen cycling in the mid Bay, the 
temporal distribution of the different nitrogen species (as 
% Dissolved Inorganic Nitrogen) for North and South 
Stations are given in Table 4.2. In the surface waters, 
the predominant form of dissolved inorganic nitrogen at 
North and South Stations was nitrate, except at the end of 
July and October when ammonia and nitrite were the more
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Figure 4.12. Water column nitrite profiles at North
Station.
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Figure 4.13. Water column nitrite profiles at South
Station.
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Figure 4.14. Water column ammonia profiles at North
Station.
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Figure 4.15. Water column ammonia profiles at South
Station.
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Table 4.2

Percent of Dissolved Inorganic Nitrogen 
in the Surface Waters

North Station
Month NO, NO, NH,
Feb 88 1 86 13
Apr 88 3 72 25
Jun 88 6 90 4
Jul 6 88 18 70 12
Jul 26 88 13 0 87
Sep 88 4 74 22
Oct 88 34 28 38
Dec 88 5 87 8
Feb 89 1 86 13

South Station
Month NO, N03 NH3
Feb 88 1 90 9
Apr 88 2 85 13
Jun 88 9 42 49
Jul 7 88 16 66 18
Jul 27 88 14 14 72
Sep 88 7 83 10
Oct 88 44 24 32
Dec 88 7 89 4
Feb 89 3 85 12

Percent of Disssolved Inorganic Nitrogen 
in the Bottom Waters

North Station
Month NO, n °3 NH,
Feb 88 3 55 o 41
Apr 88 3 66 31
Jun 88 1 0 99
Jul 6 88 0.5 0 100
Jul 26 88 0.4 0 100
Sep 88 31 0 69
Oct 88 16 5 79
Dec 88 8 52 40
Feb 89 5 40 55

south station
Month NO, N03 NH3
Feb 88 4 64 32
Apr 88 3 66 31
Jun 88 2 9 90
Jul 7 88 0.3 0 100
Jul 27 88 0.2 0 100
Sep 88 2 82 16
Oct 88 17 6 77
Dec 88 10 50 40
Feb 89 4 71 25
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abundant forms. In the bottom waters nitrate predominated 
in the winter months (50-70%), while during summer when 
bottom water oxygen had decreased, 90-100% of the inorganic 
nitrogen in the bottom waters was ammonia. These estimates 
show that nitrogen cycling in Chesapeake Bay is dynamic and 
appears tied to seasonal redox cycles.

Phosphate profiles show an increase with depth (Figs. 
4.16 and 4.17), particularly for the warmer months (July to 
September). Phosphate concentrations in the surface waters 
ranged from 0.04 jimol/L in winter to 0.7 jimol/L in summer 
at both stations. In the bottom waters, maximum 
concentrations of 2.6 /imol/L (North Station) and 1.9 jumol/L 
(South Station) were observed in summer, while minimum 
concentrations were found in winter. Taft and Taylor (1976) 
reported surface phosphate concentration for August of 0.05 
/xmol/L which increased with depth to 1.8 /xmol/L at a mid- 
Bay site. The concentration of phosphate in surface waters 
reported by Fisher et al. (1988) at the mid-Bay is 0.2 
/xmol/L. The concentrations seen by this study are within 
the range of these reported values.

Silicate concentrations in surface and bottom waters 
of North (Fig. 4.18) and South (Fig. 4.19) Stations were 
highest in summer. The range of surface silicate 
concentration for a one year period was 20 to 51 /xmol/L at 
North Station and 9 to 44 /xmol/L at South Station. In the 
bottom waters, the range of silicate concentration was 4 
/xmol/L in winter to 47 /xmol/L in summer. Water column
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Figure 4.16. Water column phosphate profiles at North
Station.
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Figure 4.17. Water column phosphate profiles at South
Station.
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Figure 4.18. Water column silicate profiles at North
Station.
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Figure 4.19. Water column silicate profiles at South
Station.
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silicate concentrations at a site close to North Station 
were reported by D'Elia et al. (1983) for July. They found 
an increase in concentration with depth from 12 /xmol/L at 
the surface to 24 /xmol/L at the bottom of the water 
column. These concentrations are lower than values seen by 
this study. Differences in river discharge, and uptake 
(i.e., primary production) and regeneration rates may have 
caused the difference in concentrations.
Iron and Manganese

Water column profiles of dissolved iron and manganese 
concentrations are shown in Figs. 4.20-4.23. There was an 
increasing trend in bottom water iron and manganese 
concentrations from winter to summer. Manganese 
concentrations subsequently decreased the following winter. 
However, the concentrations of iron did not decrease from 
October 1988 to February 1989. This was also found in the 
porewaters. As mentioned in Chapter 3, such a behavior is 
inconsistent with the expected redox trend in dissolved 
iron from summer to winter and may be an indication that 
the samples are contaminated. Thus, only the data from 
February 1988 to October 1988 will be discussed. Maximum 
surface iron concentration was 9 /xmol/L (September), with 
lowest value (0.5 /xmol/L) found in July. In the bottom 
waters, maximum iron concentrations of 11.3 /xmol/L (North 
Station) and 9.7 /xmol/L (South Station) were observed in 
September. Minimum iron concentrations occurred in July 
(1.1 /xmol/L) at North Station and April (2.1 /xmol/L) at
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Figure 4.20. Water column iron profiles at North Station.
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Figure 4.21. Water column iron profiles at South
Station.
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Figure 4.22. Water column manganese profiles at North
Station.
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Figure 4.23. Water column manganese profiles at South
Station.
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South Station. Similar surface iron concentrations at mid- 
Bay sites were reported by Gavis and Grant (1986).

Manganese concentrations in surface waters were 
generally lower than bottom waters, particularly during the 
summer (June-September; Figs. 4.22-4.23). In the surface 
waters, manganese concentrations ranged from 0.05 /imol/L 
(September) to 2.2 /xmol/L (June) at North Station (Fig. 
4.22), and 0.4 /imol/L (July) to 2 /imol/L (October) at South 
Station (Fig. 4.23). Bottom water manganese showed an 
increasing trend with low values in winter (1.2 /imol/L) and 
maximum concentrations in summer (12 /imol/L at North 
Station and 8 /imol/L at South Station) . Gavis and Grant 
(1986) reported an average of 10 /imol/L manganese in the 
bottom waters of the mid-Bay for June and July. Eaton 
(1979) showed a manganese profile for summer where 
concentrations increased with depth from 4 /xmol/L at the 
surface to 12 /xmol/L at the bottom at a site close to North 
Station. The concentrations seen by this study are in 
agreement with these reported values.
Metalloids

The profiles of arsenic and antimony species are 
presented in Figs. 4.24-4.27. At North and South Stations, 
the concentrations of As(III+V), or total inorganic 
arsenic, in surface waters were lowest in winter and 
increased in summer. High concentration values of 11 
nmol/L at North Station (Fig. 4.24) and 8 nmol/L at South 
Station (Fig. 4.25) were observed in the surface waters
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Figure 4.24. Water column arsenic profiles at North
Station.
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Figure 4.25. Water column arsenic profiles at South
Station.
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