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In most instances the predominant source of oxygen is the 

atmosphere, with the rate of reaeration controlled by the oxygen 

deficit (the amount the DO is below saturation value), geometric 

characteristics of the river and the nature of the water movement. 

DO concentrations observed in the York range from good 

to extremely poor. Near bottom DO values for the portion of the 

river between the Coleman Bridge and Chesapeake Bay often were 

below the 4 mg/1 water quality standard as can be seen in the 

figures in Appendix B. Violations of this type were observed in 

the upper portion as well, although much less frequently. Ulti

mate carbonaceous BOD (biochemical oxygen demand) concentrations 

averaged around 2 mg/1. This low value is to be expected given 

the huge tidal prism available for diluting the few and 

relatively small loadings which the river receives. In other 

words, it appears that external pollutant loadings do not 

directly cause the low DO's. Two more likely causes are 

benthal oxygen demand and the deep water column. The cross

sectional average depth for transects downriver of the Coleman 

Bridge is on the order of 40 feet (12 meters). When physical 

conditions in the river are such to limit the transport of 

oxygen from the surface to the bottom waters, these lower 

lying waters can become partially or totally depleted of 

dissolved oxygen. Additionally, decomposition of organic 

matter in bottom sediments consumes oxygen in the overlying 

water. Measurements of the benthal oxygen demand show that it 

is greatest near West Point (1.6 to 3.4 grams of oxygen consumed 

per square meter per day) and is on the order of 1 gm of oxygen/ 

meter squared/day in the lower reaches. The data in Appendix B 

show that these low DO conditions persist throughout the tidal 
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cycle and in Figures 3a and 3b, one can note the spatial extent 

of the mass of poor quality water. Station locations are given 

in nautical miles upstream from the river mouth. 

These low DO conditions have been observed during the 

summer months in the lower York River, in the lower Rappahannock 

River and in some of the deeper portions of Chesapeake Bay. 

Why this phenomenon occurs, the mechanisms by which it develops 

and persists and possible remedies for the situation are not 

known at present. It appears that aspects of the physical 

environment, such as mixing u.n-1 transport of dissolved 

substances throughout the water column, are controlling the 

process more than external inputs of oxygen demanding material. 

However, considerable further study is required before this 

process will be elucidated. 

D. Bacterial Conta~ination 

The State Health Department monitors the bacteriological 

quality of estuarine waters to insure and safeguard the public 

health. The desired situation is for no pathogenic (disease 

producing) organisms to be present. Therefore, tests are 

conducted for "indicator organisms"; organisms which are 

generally found together with pathogenic bacteria and viruses, 

but which occur in greater numbers and therefore are more 

easily detected. The coliform group of bacteria presently is 

widely used. The Total Coliform group includes some bacteria 

which arise from the decay of leaves and/or reside in the soil, 

whereas the Fecal Coliform group contains primarily organisms 
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which reside in the intestinal tract of warm-blooded animals. 

Therefore, the presence of fecal coliforms indicates the 

contamination of the water by fecal wastes of some animal -

this could be ducks and geese, sheep and cattle or humans -

any warm-blooded animal. 

The concentration of bacteria in water is given as an 

MPN (Most Probable Number) per 100 milliliters of water. The 

nomenclature indicates the probabilistic nature of detecting 

bacterial concentrations, as do the Virginia water quality 

standards. As one example of this for secondary contact 

recreation, public or municipal water supply and the propagation 

of fish and aquatic life, the mean count of fecal coliforms 

should not exceed 1000/100 ml and not more than 10% of the 

samples should have readings equal to or greater than 2000/100 ml. 

For primary contact recreation (eg. swimming), the Virginia 

standard is a log mean of less than 200 fecal coliform MPN per 

100 ml, with not more than 10% of the samples being greater 

than 400 MPN/100 ml. 

For the estuarine environment, another productive use 

of the water is the culture of shellfish. Since these molluscs 

survive by filtering food from the water, they tend to 

accumulate substances to levels many times greater than found 

in the water itself. Therefore, bacterial standards for 

shellfish growing waters are the most restrictive. At present 

the Virginia standards for "areas where leased private or 

public shellfish beds are present" is 70 total coliform MPN/100 ml 

with no more than 10% of the samples above 230. The federal 

Food and Drug Administration regulates the interstate transport 
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of shellfish and normally enters into the regulation making 

process as well. The FDA has recommended that the standard 

be changed to 14 fecal coliform MPN/100 ml, and at present 

both criteria are in use. It is likely that the fecal 

coliform standard will be used exclusively in the future since 

many feel that it provides a more accurate measure of 

potential dangers. 

Fecal coliform counts in the York River generally were 

low and always less than the standards for primary contact 

recreation. The clean waters probably occur because there 

are few sources of domestic wastes, the tidal prism is large 

and wastes which are present are greatly diluted. It appears 

that there are significant sources of contamination near 

West Point since fecal counts in the segment from West Point 

to the Poropotank River often were above the recommended level 

for shellfish waters. In fact, this area has been comdemned 

for the harvesting of shellfish since 1944 (shellfish condemna

tion area #4, York River and tributaries, West Point vicinity). 

Additionally, most of the small tributaries of the York are 

restricted as shown in Figure 4. A few of the condemnation 

zones date to the 1950's and 1960's, but most were enacted in 

1972. It is not clear whether the sharp increase in the 

number and extent of closure zones is the result of changes in 

land use, or perhaps simply more vigorous enforcement of 

existing regulations. It is clear that nonpoint sources of 

pollution do contain fecal wastes and that these wastes are 

not dispersed and diluted within the small subestuaries. In 

many instances at least some of the causes of the pollution 
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(for example, privies, malfunctioning septic tanks, the presence 

of a horse or other livestock) are known to the Bureau of 

Shellfish Sanitation, but resources are insufficient to remedy 

the situation. 

E. Summary 

Relative to many other estuaries of the Chesapeake Bay 

region, the York River receives very little pollution from so

called point sources. Most of what is discharged comes 

from industrial concerns, and the largest of these is the 

Chesapeake Corporation's paper and pulp mill located at West 

Point, at the confluence of the Mattaponi and Pamunkey Rivers. 

Domestic waste loads are small at present but could become 

large if a proposed sewage treatment plant is built near 

Yorktown. 

The tidal prism for the York is very large, on the 

order of billions of cubic feet (tens of millions of cubic 

meters) of water. As a result, the few wastewater streams 

which are discharged to the river are greatly diluted. Levels 

of inorganic phosphorus and inorganic nitrogen are low and 

therefore phytoplankton growth is limited. All three values· 

were well within criteria recommended for other portions of 

the Chesapeake Bay system. In spite of the great dilution 

potential and the small waste loadings, some water quality 

problems have been observed. First, it appears that the 

physical characteristics of the circulation in the lower York 

limit the transfer of oxygen from the atmosphere to the water 

near the river bottom. As a result these bottom waters become 
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partially depleted of oxygen. Dissolved oxygen concentrations 

observed during the intensive survey usually were below the 4 

mg/1 standard for the bottom waters downriver of the Coleman 

(Yorktown) Bridge. 

Second, there are sufficiently large sources of bacteria 

in the vicinity of West Point to result in a shellfish condemna

tion zone in the York. Fecal coliform levels observed during 

the intensive survey in the portion of the York upriver of the 

Poropotank were frequently above 14 MPN/100 ml, the Federal 

standard for shellfish growing waters. Otherwise the fecal 

coliform counts were below the Federal criterion. 

Third, nonpoint sources of pollution such as runoff 

from housing developments, pastures and cropland, are sufficien

tly large to cause problems in the small tributaries of the 

York. It is very likely that tidal flushing is poor in these 

subestuaries so that materials washed into them tend to 

reside there for long periods of time. The large number of 

shellfish closures indicates that the loads are sufficiently 

large to degrade the water from a bacterial point of view. 

Since no sampling was done in these small estuaries, one can 

only speculate as to other water quality conditions. 

Field studies of overland stormwater runoff were 

conducted by VIMS from March through October, 1976. Data from 

these surveys have been used by Malcolm Pirnie Engineers, Inc. 

to calibrate the mathematical model "STORM". This model has 

been used to estimate nonpoint loads to the York River. 

Control of nonpoint sources of pollution possibly could 
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reduce the area restricted for shellfish harvesting both within 

the small tributaries and in some reaches of the York. Some 

aspects of this will be investigated in the mathematical studies 

of water quality in the York River. It is unlikely that 

control of point and nonpoint sources of pollution will result 

in any significant improvement in the low dissolved oxygen 

conditions, since this appears to be a "natural phenomenon". 

The dredging of a deep channel through the rather shallow sill 

(depth approximately 30 feet or 10 meters) at the mouth of the 

river might possibly improve exchange of waters between the 

river and the Bay. Similarly, other modifications to the 

physical environment might improve conditons. For example, 

floating aerators such as are used in waste treatment plants 

could be positioned at critical locations. Fine bubble 

curtains also could raise DO levels and reduce stratification. 

Either moving devices or fixed structures which promote mixing 

have the potential to improve the water quality conditions. 

However, such modifications are beyond the scope of the 208 

study and most could not be addressed by the math model which 

has been calibrated for the York. 
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APPENDIX A. FIELD PROGRAM 

1. Sampling Program 
2. Chart of Station Locations 
3. Analytical Methods 



York River Sampling Program 

2 Slack Water Surveys 
Intensive Survey (Main Channel) 11 stations 

Parameter Sampling 
Period 

Sampling 
Frequency 

Sampling 
Depths 

Sampling 
Period 

Sampling Sampling 

Temperature 
Salinity 
DO 
BOD5 Fecal Coliforrns 
N 
Total P 
Chlorophyll "A" 
Secchi disk 

25 hrs. 
25 hrs. 
25 hrs. 
25 hrs. 
25 hrs. 
25 hrs. 
25 hrs. 
25 hrs. 
25 hrs. 

hourly 
hourly 
hourly 
every 3 hrs. 
every 3 hrs. 
every 3 hrs. 
every 3 hrs. 
every 3 hrs. 
every 3 hrs. 

T,M,B 
T,M,B 
T,M,B 
TB* 
TB 
TB 
TB 
TB 
TB 

SBE,SBF 
SBE,SBF 
SBE,SBF 
SBE,SBF 
SBE,SBF 
SBE,SBF 
SBE,SBF 
SBE,SBF 
SBE,SBF 

Frequency 

summer 
summer 
summer 
summer 
summer 
summer 
summer 
surmner 
summer 

*13 Intensive Survey stations taken at mid-depth only 

Other measurements: 

UOD once 
Betha! OD once 
Light/Dark Bottle once 

T = 1 meter below surface 
M = mid-depth 
B = 1 meter off bottom 

once 
once 
once 

T 
B 
T 

one per slack survey 

SBE = slack water before ebb 
SBF = slack water before flood 

Depths 

TMB 
TMB 
TMB 
TB 
TB 
TB 
TB 
TB 
TB 

"" \.0 



STATUTE MILES 

NAUTICAL MILES 
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YORK RIVER 
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UOD & Benthal OD, Light/ 
Dark bottles 

w 
0 



1) Temperature 

2) Conductivity 

3) Salinity 

4) Dissolved oxygen 

5) Bacteria 

Fecal coliforms 
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ANALYTICAL METHODS 

a. Interocean CTD Model 513/514. 
Accuracy ±o.1°c. 
Calibrated before and after 
every intensive field survey. 

b. Applied Research Austin Model 
ET 100 Marine. 
Accuracy ±o.1°c. 
Calibrated before and after 
every intensive field survey. 

a. Interocean CTD Model 513/514. 
Accuracy ±0.5 millimhos. 
Calibrated before and after 
every intensive field study. 

a. Bottle grab sample analyzed 
in the laboratory on an 
Industrial Instrument 
Laboratory Salinometer Model 
RS7A. 
Accuracy ±0.l ppt. 
Standardized every day before 
using. 

b. Interocean CTD Model 513/514. 
Temperature and conductivity 
readings used in a CDI 
equation to calculate salinity. 
Accuracy ±0.05 ppt. 

a. Bottle grab sample pickled in 
the field and titrated in the 
laboratory using the azide 
modification of the Winkler 
method. 
Accuracy ±0.1 mg/1. 
Standardized every day before 
using. 

SM 908 Multiple Tube Fermentation 
Technic for Members of the Coliform 
Group. 
908C - Fecal coliform MPN Procedure 

SM= Standard Methods for the Examination of Water and Wastewater, 
14th Edition, 1975, APHA-AWWA-WPCF. 

F.PA = Methods for Chemical Analysis of Water and Wastes, 1974 
U.S. EPA, National Environmental Research Center, Cincinnati, 
Ohio. 



6) Biochemical Oxygen Demand 

0 
5-day or 30-day, 20 c, 

Carbonaceous BOD 

7) Nitrogen 

Ammonia-N 

Nitrate-N 

Nitrite-N 

Total Kjeldahl 
Nitrogen 

8) Phosphorus 

Total Phosphorus 

Orthophosphate 

9) Benthal Oxygen Demand 
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SM 507 Biochemical Oxygen Demand 
EPl1. # 310 - BOD 
Modified: Nitrification inhibited 
with pyridine 

SM 418C Nitrogen (Ammonia)-Phenate 
Method 
EPA #610 Automated Colorimetric 
Phenate Method 

s~ 419C - Nitrate-Nitrogen-Cadmium 
?.eduction Method 

SM 420 - Nitrite-Nitrogen 
EPA #630 - Automated Cadmium 
Reduction Method for Nitrate
Nitrite Nitrogen 

SM 421 Organic Nitrogen 
EPA #625 - Total Kjeldahl Nitrogen 

SM 425 Phosphate - Total Filtrable 
a.nd non-filtrable phosphate 
425C III - Persulfate Digestion 
Method 
EPA #665 - Total Phosphorus 

SM 425 Filtrable (dissolved) 
orthophosphate 
EPA #671 - Dissolved ortho
phosphate 

The apparatus used for determining 
the benthic demand consisted of a 
cylindrical chamber fitted with a 
self-contained battery-powered 
stirrer and a dissolved oxygen 
probe (YSI-15) plugged into the 
top of the chamber. The chamber 
was open at the bottom and weighted 
so that it settled into the sediment 
and effectively isolated a unit 
bottom area and a parcel of over
lying water. The stirrer provide<l 
gentle agitation to keep water 
moving past the membrane on the 



9) Benthal Oxygen Demand 
(cont'd) 
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probe without stirring up the sedi
ment. The dissolved oxygen concen
tration of the trapped water parcel 
was monitored for a sufficient 
length of time to obtain a dissolved 
oxygen versus time slope (m). The 
bottom oxygen demand was calculated 
according to the following formula: 

m(~)H•24 
Q, • hr r.n ( 2 gm ) = 

m •day 
where His 

the mean depth of the chamber in cm., 
allowing for the volume displaced by 
the stirrer. 
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APPENDIX B. INTENSIVE SURVEY DATA 

1. Table of Results 

Nutrients 
Chlorophyll "a" 
Fecal Coliforms 
Biochemical Oxygen Demand 

2. Graphical Presentation for Mid Channel, 
Transects Y-1, 2, 3, 5 and 7. 



Inor- Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N03 N02 gen P03 phorous "a" forms TKN NBOD UBOD CBOD 
(pg (µg (µg 

(EST) (mg/1) atm/1) atm/1) (mg/1) atm/1) (mg/1) (µg/1) (MPN/100) (mg/1) (mg/1) (mg/1) (mg/1) 

STATION V-1-B 
30/6/76 12.2 Q.06* 1. 22 0.39 . 023 0.16 .oos 7.6 0.09 0.4113 1.845 1.23 

0.06* 5.68 0.57 • 088 a.so .016 6.09 0.05 0.2285 1. 335 0.89 

15.2 0.11 2.27 0.48 • 040 0.32 .010 13.87 0.47 2 .14 79 3.48 2.32 
13.80 6.01 0.34 .282 0.48 .015 1. 90 0.23 1. 0511 1.29 0.86 

18.2 0.07 6.75 0.45 .1028 0.24 • 007 12.49 0.23 1.0511 0.645 0.43 
0.10 1.82 0.48 • 034 0.52 .016 9. 2 .3 3.6 0.30 1. 371 0.435 0.29 

21. 3 0.06 2.53 0.19 • 039 0.44 .014 8.74 0.36 1.6452 2.295 1.53 
0.05 4.85 0.40 • 074 1.10 .034 4.75 0.29 1.3253 1.05 o. 70 

1/7/76 7.3 0.09 3.63 0.22 • 055 0.44 .014 9.50 0 .40 1.828 
0.10 8.37 Q.28 .122 0.92 • 029 2.00 0.38 1..7366 0.27 o. 18 

10.2 0.10 2.35 o. 20 • 037 0.20 .006 8. 5.5 3.3 0 .15 0.6855 7.335 4.89 
0.03 5.48 0.24 • 080 0.86 .027 1. 00 3.3 0.27 1.2339 7.68 5.12 

13.2 0.09 4.00 0.12 • 059 0.26 .008 14.25 0.28 1. 2796 2.25 1.50 
0.10 5.82 0.18 .085 0.52 .016 3.06 0.22 1. 0054 

16.0 0.08 5.24 0.20 • 077 0.64 .020 3.80 3.6 0.21 0.9597 6.36 4.24 
0.05 5.73 0.19 • 084 0.42 • 013 17.10 3.6 

19.1 0.06 5.27 0.23 .078 0.40 .012 2.66 3.6 0.20 0.914 0.51 0.34 
0.09 6.26 0.28 . 093 0.48 .015 12.92 3.6 0.21 0.9597 

22.3 0.08 2.78 0.24 . 043 0.32 .010 6.27 0.32 1.4624 0.63 0.42 
1.125 0.75 

* These are values for top and bottom. 

w 
U1 



Inor- Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N0 3 N0 2 gen P03 phorous II a II forms TKN NBOD UBOD CBOD 
(1.1g ().lg (µ g 

(EST) (mg/1) atm/1) atm/1) (mg/1) atm/1) (mg /1) (µg/1) (MPN/ 100) (mg/1) (mg/1) (mg/1) (mg/1) 

STATION V-I-B 

2/7/76 00.6 0.08 6.08 0.24 .090 0.21 .006 6.08 0 • .32 1.4624 
0.09 2.02 0.40 .035 0.58 .018 22.62 0.28 1. 2796 

1. 2 0.06 4.05 0.35 .062 0.42 .013 9.12 0.33 1. 5081 
0.07 7. 0.3 0.32 . 104 0.72 .022 .5. 13 0.01 0.0457 

3.7 
Q.07 6. 16 0.34 .092 0.76 • 024 5.89 

STATION V-II-B 

30/6/76 12.2 0.09 10.30 0.35 .150 0.51 .016 11. 21 18.16 0.675 0.45 
0.07 1. 91 0.28 .032 0.49 .015 3.6 0.32 1. 4624 1.95 1.30 

18.5 0.08 1. 54 0.46 .029 0.40 .012 10.83 23.0 0.30 1.371 3.525 2.35 
0.13 1. 60 0.50 .031 0.66 • 020 7.79 23.0 3.225 2. 15 

21.4 0.06 3.48 0.57 .058 0.40 .012 9.12 0.37 1.6909 
0.10 li. 33 0.35 .067 0.60 .019 3.04 0.17 0. 7769 

· 1/7/76 7.1 0.19 1. 57 0.35 • 030 0.60 .019 6.84 5.7 0.49 2.2393 1.095 0.73 
o. 12 4.42 0.33 .068 0.48 .015 7.41 5.7 0.40 1.828 

10. l 0.15 7.73 0.16 .012 0.96 .030 2.44 3.3 0.25 1.1425 3.045 2.03 
0. 18 4.53 0.69 .076 o.48 .015 7.22 3.3 0.31 1.4167 

13.1 0.11 5.23 0.65 . 084 0.38 .012 15.20 0.63 2.8791 2.01 1.34 
0.08 5.63 0.15 .082 0.52 .016 7.98 0.29 1. 3253 

16. 1 0.23 3.88 0.19 .060 2.52 .078 11..40 3.6 0.51 2.3307 2.76 1.84 
0. 16 10.06 o. 14 .145 0.66 .020 3.44 3.6 0 .10 0.457 1 .185 0.79 

w 
O'\ 



Inor-
ganic 
Nitro-

Date Time Anunon ia NO NO? gen P0
3 ( 3 \.:g (pg'" (~Jg' 

(EST) (mg/1) atm/1) atm/1) (mg /1) atm/1) 
-----·· 

STATION V-II-B 

1/7/76 19.2 0.08 4.26 0.24 .064 o. 40 
0.17 11. .34 0.46 .168 0.80 

22.1 0.12 5.55 0.35 .084 0.80 
0.15 7.73 0.22 .113 0.96 

2/7 /76 00.7 0.05 0.27 0.44 
0.08 5.02 0.15 • 07l• 0.62 

4.6 0.14 7.92 0.58 .121 0.72 
0 .10 3. 77 0.38 .060 0.76 

STATION V-III-B 

30/6/76 13.1 0.09 6.62 0.98 .108 0.56 
0. 15 1. 41 0.89 . 034 0.72 

15.1 16.90 12.27 0.63 .417 1. 36 
0. 12 2.65 0.47 .045 0.64 

18.l 16.60 4 .12 0.68 .300 0.48 
0.28 2.13 0.75 .044 0.84 

21. 3 0.08 8.20 0.44 .122 0.44 
0.13 6.85 0.65 .107 0.90 

1/7/76 7. 1 o. 12 8.71 0.47 .130 0.56 
0.16 3.98 0.53 .065 0.68 

Inor-
ganic Chloro- Fecal 
Phos- phyll Coli-
phorous forms 

(mg /1) (pg/1) (MPN/ 100) 

.012 11. 02 3.6 

.025 3.04 .3. 6 

.025 10.45 

.030 3.61 3.0 

.014 1. 90 

.019 3.23 

.022 9.12 

.024 6.08 

.017 16. 15 5.1 

. 022 4 . .56 5. 1 

.042 15.20 

.020 10.83 

.015 10.64 

.026 11. 21 

.014 6.27 

.028 6 .46 

.017 6.97 3.0 
• 021 3.0 

TKN NBOD 

(mg/ 1) (mg/1) 

0.67 3.0619 
0.38 1. 7366 

0.28 1.2796 
0.30 1. 371 

0.27 1.2339 
0 .15 0.6855 

0.34 1.5538 
0.06 0.2742 

0.36 1. 6452 
0.38 1.7366 

0.42 1. 9194 
0.40 1.828 

0.46 2 .1022 
0.56 2.5592 

0.38 1.7366 
0.36 1. 6452 

0.41 1.8737 
0.06 0.2742 

UBOD 

(mg/1) 

0.75 

I. 545 
1.065 

2. 04 

2.13 
0.06 

5.52 

1. 395 

CBOD 

(mg/ 1) 

o·. 50 

1. 03 
0.71 

1.36 

1.42 
0.04 

3.68 

0.93 

w 
....J 



Inor- Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N0 3 N0 2 gen P0 3 phorous II a II forms TKN NBOD UBOD CBOD 
(µg (µg (pg 

(EST) (mg/ 1) atm/1) atm/1) (mg/1) atm/1) (mg/1) (pg/1) (MPN/100) (mg/1) (mg/1) (mg/1) (mg/1) 

STATION V-III-B 

1/7/76 10.1 0.10 5.25 0.47 . 081 0. 52 .016 6.97 3.0 0.61 2. 7877 2.355 1. .5 7 
0.21 9.28 0.34 .138 0.84 .026 6.84 3.0 0.58 2.6506 0.345 0.23 

13. l 0.08 3.83 0.41 • 060 0.52 .016 13.11 0.24 1. 0968 2.88 1. 92 
0.14 4.40 0.28 • 06 7 0.88 .027 3.23 0.90 4 .113 0.495 0.33 

16.0 0 .16 3.83 0.26 .059 0.48 . 01.5 13 .87 .3. 6 0.29 1. 3253 
o. 17 3.86 0.32 • 061 0.88 .027 5.70 .3. 6 0.27 1..2.339 8.82 5.88 

19.2 0.09 6.29 0.42 . 095 o. 48 .015 12.54 9.1 0.32 1. 4624 1.56 1.04 
0 .17 6.15 0.39 . 094 0.76 .024 5.51 9. 1 0.29 1.3253 1. 785 I. 19 

22.1 0.09 3.92 0.42 . 062 0.44 .014 7.03 5.2 0.41 1.8737 2.1 1.40 
0 .15 2.73 0.29 • 044 0.92 .029 52.26 5.2 0.82 3.7474 3.06 2.04 

2/7/76 1. 5 0.09 7.30 0.68 .113 0.52 .016 11. 57 0.47 2.1479 
0.14 4. 96 Q.48 • 078 0.64 .020 4.75 0.25 1.1425 

4.3 0 .14 5.27 0.34 • 081 0.68 .021 7.60 0.03 0.1371 

STATION Y-1-B 

30/6/76 12.0 0.08 1. 25 0.37 . 024 0.44 .014 16.34 
0.06 0.34 0.64 .020 4.37 0.32 14624 

15.0 0.06 5.16 0.20 . 076 0.34 . 010 11. 97 0.49 2.2393 1.755 1.17 
0.11 1. 57 0.45 . 030 0.64 .020 2.85 0.04 0 .1828 2.565 l. 71 

18.0 0.08 8.59 0.36. . 126 0.36 • 011 7.15 0.15 0.6855 1.035 0.69 
1. 67 0.38 0.78 .024 1.54 0.19 0.8683 0.825 0.55 

w 
CX) 



I nor- Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N0
3 

N0 2 gen P0
3 

phorous II a II forms TKN NBOD UBOD CBOD 
(µg (µg (pg 

(EST) (mg/1) a trn/1) atm/1) (mg/ 1) atm/1) (mg /1) (pg/1) (MPN/100) (mg/1) (mg/ 1) (mg/1) (mg/1) 

STATION Y-1-B 

1/7/76 7.2 0.08 6.55 0.60 .101 0.54 • 017 5.70 3.0 0.27 1.2339 
0.09 7.33 0.22 .107 0.84 . 026 2.09 0.24 1.0968 1. 65 1.10 

10.0 0.37 4 .11 0. 19 .065 0.38 .012 1.0.45 3.0 0.44 2.0108 1.2 0.80 
0.10 3.53 0.15 .053 0.92 .028 2.66 3.0 1.38 0.92 

13. 1 0.05 6.07 0.26 . 089 0.48 .015 13 .11 2 .145 1.43 
21.86 

16.3 0.05 4.26 0.25 .064 0.32 .010 17.51 0.78 3.5646 
0.11 10.09 0.36 .148 0.80 .025 4.37 0.20 0.914 

19.1 0.09 7.64 0.51 .115 0.54 . 017 13.30 0.135 0.09 
0.10 10.00 0.16 .144 0.68 .021 3.29 0.29 1.3253 3.9 2.60 

22.l o. 09 7.25 0.55 .110 0.54 .017 8 .17 3.6 0 .11 0.5027 2.61 1. 74 
o. 08 4.50 0.30 • 068 o. 72 .022 3.04 3.6 0 .13 0.5941 1.755 1.71 

STATION Y-2-B 

30/6/76 11. 2 0.11 1.42 o.42 .027 0.42 3.42 3.6 0 .16 0.7312 2.43 1.62 
. 013 10.83 3.6 0.26 1.1882 1.575 1.05 

15.0 0.07 1. 65 0.35 .029 0.24 .007 13 .87 0.27 1.2339 1.695 1.13 
0.10 20.08 0.32 .287 0.60 .019 2.28 0 .15 0.6855 0.6 0.40 

18.1 0.08 2.26 0.61 • 041 0.30 .009 12.73 5.7 0.29 1.3253 
0.14 4.44 0.51 .071 0.70 .022 4.56 5.7 1.695 1.13 

21.1 0.07 2.86 0.38 • 046 0.52 .016 8 .17 9.1 0.40 1.828 0.465 0.31 
0.10 2.92 0.21 .046 0.64 .020 2.85 9.1 0.61 2. 7877 

w 
~ 



Inor- Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time. Ammonia N0
3 

N0 2 
gen P03 

phorous II a II forms TKN NBOD UBOD CBOD 
(J.1g" (pg (pg 

(m~: 1) (EST) (mg/1) atm/1) atrn/1) (mg/ 1) atm/1) (pg/1) (MPN/ 100) (mg/1) (mg/1) (mg/ 1) (mg/1) 

STATION Y-2-B 

1/7/76 7. 1 0.28 5.65 0.40 • 089 1.04 .032 3.61 3.0 0.35 1. 5995 6 .18 4 .12 
0.14 4.98 0.80 .083 0.52 .016 5.70 3.0 0.28 1. 2796 

10.0 0.14 3.99 0.74 .068 0.68 .021 8.55 3.3 0.04 0. 1828 3.84 2.56 
0.15 5.72 0.33 .087 0.84 .026 2.09 3.3 0.28 1. 2796 0.405 0.27 

13.1 0.10 6.80 0.65 .106 0.56 .017 7.22 0.26 1.1882 0.03 0.02 
0.12 6. 12 0. 1.5 . 089 o. 70 .022 2.28 0.36 1. 6452 

16.1 0. 13 2.71 0.59 . 048 0.44 .014 6.84 3.6 
0.10 4.81 0.41 . 074 o. 70 .022 3.80 3.6 0 .12 0.5484 

19.1 0.12 9.44 0.76 .144 0.64 .020 9.50 0.24 1.0968 o. 27 0 .18 
2.66 0.945 0.63 

22.1 0.14 14.72 0.73 .218 0.52 .016 7.22 1.575 1.05 
0.17 4.02 0.44 .065 0.86 .027 3.42 3.6 0.30 1. 371 0.345 0.23 

2/7/76 1.3 0.07 6.92 0.63 .107 0.60 .019 4.94 0.33 1.5081 
0.11 2.29 0.19 • 036 0.60 3.61 0.37 1.6909 

4.0 0.14 7.27 0.73 .114 0.48 .019 5.89 0.28 1. 2796 
0.14 4.44 0.34 .069 0.64 .020 7.60 0.42 1. 9194 

STATION Y-3-C 

15/6/76 12.0 0.08 4.37 0.43 .068 0.52 .016 0.43 1. 9651 
0.04 5.44 0.51 • 084 0.52 .016 0.58 2.6506 

15.0 0.06 3.95 0.60 .019 3.0 
0.12 6.18 0.37 .093 0.38 .012 0.24 1. 0968 

~ 
0 



Inor- Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N03 
N0 2 gen P0

3 
phorous II a II forms TKN NBOD UBOD CBOD 

(µg (µg (11g 
(EST) (rng/1) atm/1) atm/1) (mg/1) atm/1) (mg/1) (µg/1) (MPN/100) (mg/1) (mg/1) (mg/1) (mg/1) 

STATION Y-3-C 

15/6/76 18.0 0.06 6.89 0.61 .106 0.40 .012 0.4.5 2.0565 
0. 08 4.89 0.51 • 077 0.60 .019 0.41 1.8737 

21.0 0.12 17. 72 0.53 .257 0.34 .010 0.32 1.4624 
0.12 13.51 0.49 .198 0.54 • 017 0.40 1.828 

16/6/76 o.o 0.06 7.58 0.57 .115 0.54 . 017 0.46 2 .1022 
0.14 9.58 0.42 • 142 0.50 .016 0.55 2.5135 

3.0 0 .15 16.76 0.44 • 243 0.42 .013 
0 .17 12.30 0.42 .180 1. 70 .053 3.6 0.56 2.5592 

6.0 0.28 1. 2 796 
0 .12 18.26 0.44 . 263 0.42 .013 3.6 0.68 3.1076 

9.0 0.17 12.30 0.90 . 187 1. 70 .053 3.6 0.57 2.6049 
0 .11 11. 73 0.47 . 172 0.32 .010 3.6 0.52 2.3764 

12.0 0 .11 8.17 0.48 .123 0.42 .013 0.25 1.1425 6.705 4.47 
0.10 9.22 0.31 .135 0.48 .015 0.76 3.4732 3.855 2.57 

13.0 0.15 10.13 0.47 .150 0.38 .012 0.47 2.1479 
0.08 10.64 0.46 .157 0.46 .014 0.46 2 .1022 6.42 4.28 

STATION Y-4-B 

15/6/76 12.6 0.11 7.64 0.61 .117 0.84 .026 
0.05 7.28 0.62 .111 0.44 .014 



!nor- !nor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N0 3 N0 2 gen P03 phorous "a" forms TKN NBOD UBOi> CBOD 
(µg (pg (pg 

(EST) (mg/1) atm/1) atm/1) (mg/1) atm/1) (mg/1) (pg/1) (MPN/ 100) (mg/1) (mg/1) (mg/1) (mg/1) 

STATION Y-4-B 

15/6/76 19.2 0.05 14.00 0.70 . 207 0.44 .014 0.43 1.9651 
0.06 9.49 0.76 • 144 0.56 .017 3.6 0.93 4.2501 

21. 5 0.13 12. 10 0.65 .180 0.44 .014 
0.22 21.05 0.75 . 309 0.56 .017 9 .1 

16/6/76 0.5 0.13 12.71 0.59 . 188 0.48 .015 3.6 
0.16 10.91 0.69 .165 0.68 .021 3.6 

3.5 0.23 18.68 0.52 • 272 0.30 .009 0.62 2.8334 
0.11 25.01 0.59 . 360 0.56 .017 

6.6 0 .18 22.29 o. 71 • 325 0.44 .014 3.6 0.42 1.1914 
0.18 21.92 0.68 • 319 0.40 .012 3.6 0.94 4.2958 

9.5 0 .10 14.79 0.71 • 218 0.68 .021 
0.11 11.62 0.78 • 175 0.66 .020 3.0 o. 28 1.2796 

12.3 0.16 9.42 0.48 . 141 0.38 .012 0.48 2.1936 1.2 0.80 
0.15 0.10 

STATION Y-5-B 

15/6/76 12.0 0.05 5.85 0.65 • 092 0.52 
0.05 5.85 0.65 • 092 0.52 .016 

15.0 0.07 5.80 0.70 . 092 0.40 .012 
0.07 5.80 0.70 • 092 0.40 .012 

18.0 0.08 6.57 0.38 • 098 0.48 .015 
0.08 6.57 0.38 • 098 0.48 .015 

.c:.. 
I\J 



I nor-. Inor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N0
3 

N0 2 gen P0
3 

phorous II a II forms TKN NBOD UBOD CBOD 
(pg (pg (pg 

(EST) (mg/1) atm/ 1) atm/1) (mg/1) atrn/1) (mg/ 1) (llg/ 1) (MPN/100) (mg/1) (mg/1) (mg/ 1) (rng/1) 

STATION Y-5-B 

15/6/76 21. 0 0 .14 17.65 0.65 .258 0.48 .015 0.40 1.828 
o. 14 17.65 0.65 .258 0.48 .015 0.40 1 .828 

16/6/76 o.o 0.18 29.93 0.67 .431 0.40 .012 0.39 1. 7823 
0.18 29.93 0.67 .431 0.40 .012 0.39 1. 7823 

3. () 0 .12 7.92 0.63 .121 0.46 .014 0.52 2 . .3764 
0 .12 7.92 0.63 .121 0.46 .014 0.52 2.3764 

6.0 0.14 12.24 0.66 .183 0.56 • 017 0.41 1.8737 
0.14 12.24 0.66 .183 0.56 • 017 0.41 1.8737 

9.0 0 .19 17.22 0.68 .253 0.52 .016 0.69 3. 153 3 
0 .19 17.22 0.68 .253 0.52 .016 0.69 3.1533 

13.0 0 .19 32.32 0.68 .465 0.56 .017 0.225 0.15 
0.19 32.32 0.68 .465 0.56 . 017 0.225 0.15 

STATION Y-6-B 

15/6/76 12.0 0.06 9.70 0.70 .146 0.60 .019 93.0 
0.06 10.78 o. 72 .162 0.56 .017 93.0 1.08 4.9356 

15.0 0.08 11.12 0.68 .166 0.74 .023 9.1 
0.06 10.55 0.75 .159 0.56 .017 9.1 0.38 1.7366 

18.0 0.05 13.05 0.65 .193 0.40 .012 11.8 0.49 2.2393 
o.os 15.48 0.72 .228 0.44 .014 11. 8 

19.0 0.08 12.33 0.72 .184 0.46 .014 29.1 1. 26 5.7582 1.53 1.02 
0.17 11.30 0.65 .170 0.44 .014 29.1 2.73 12.4761 

~ 
w 



!nor-; !nor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Date Time Ammonia N03 N0 2 gen P03 phorous II an forms TKN NBOD UBOD CBOD 
(µg (pg (Pg 

(EST) (mg/1) atm/1) atm/1) (mg /1) atm/1) (mg /1) ( µg/ 1) (MPN/ 100) (mg/1) (mg/1) (mg/1) (mg/1) 

STATION Y-6-B 

15/6/76 22.0 0.14 10.12 0.58 .152 0.46 .014 31. 4 1.14 5.2098 2.28 1.52 
0.07 13. 95 0.75 .207 0.54 .017 31..4 1.01 4.6157 

16/6/76 o.o 0.07 11.50 o.75 .172 0.46 .014 5.2 0.645 0.43 
0.07 11.19 0.66 .167 0.48 .015 5.2 0.55 2.5135 1.575 1.05 

3.0 0.08 12.41 o.74 .185 0.56 . 017 7.2 1.40 6.398 1. 515 1. 01 
0.07 10.69 0.71 .160 0.48 .015 0.46 2.1022 

6.0 0.13 9.15 0.60 .138 0.46 .014 10.0 0. 14 0.6398 3.66 2.44 
0.08 11.90 o.75 .178 0.46 .014 10.0 1.53 1.02 

9.0 0.12 18.20 0.70 .266 0.66 .020 44.2 0.62 2.8334 
0.17 16.68 o. 72 . 246 0.54 .017 44.2 0.59 2.6963 

12.0 0.14 25.30 0.70 .366 0.38 .012 14.5 0.62 2.8334 
0.16 16.39 0.61 .240 0.38 .012 14.5 

13.0 0.12 15.60 0.65 .229 0.48 .015 0.76 3.4732 
0.16 19.64 0.51 .284 0.32 .010 0.68 3.1076 

STATION Y-7-A 

15/6/76 12.0 0.08 10.66 0.69 .160 0.70 .022 93.0 0.57 2.6049 
0.08 15.00 0.70 .221 0.54 .017 93.0 

15.0 0.10 13.83 0.67 .198 0.32 .010 19.8 
0.07 10.24 o. 71 .154 0.48 .015 19.8 



Inor- lnor-
ganic ganic Chloro- Fecal 
Nitro- Phos- phyll Coli-

Dat(:) Time Ammon .la N0
3 

NO,, gen P0'3 phorous II EJ. II forms TKN NBOD UBOD CBOD 
( 11g· C.ig (1.1g' 

(mg/ l) (EST) (mg/1) a tm/ l) a tm/ l) (mg/ 1.) atm/1.) (\ .. :g/1) (MPN / 100) (mg/1) (rng/1) (rng/1) (mg/1) 
-· __ ,, ___ ._, _____ ,,_. ---·---,--·---,.------,·--- ----·,-· -___ ,_ -· -··-·-,--·--· -·--,-·- ,·-- ..... , -·- -·-·---·-----··,-- ... ,. ----

STATION Y-7-A 

15/6/76 18.0 0.06 13. 19 0.71 .195 0.58 • ()18 31.4 0. 12 0. 5484 
0.07 12.87 0.73 . 191 0.60 .019 31.4 0.58 2.6506 

21. 5 0.09 12.72 0.68 .189 0.52 .016 43.0 
o. 20 19.67 0.63 .287 0.46 .014 43.0 0.61 2. 7877 4.215 2.81 

1.6/6/7(, 0.5 0.08 9.49 (). 76 • ll+.5 0.80 .025 3.0 
0.08 12.92 o. 73 .192 0.72 .022 3.0 

3.5 o. 12 12.90 (). 6.5 . 191 o. 40 .012 15.0 0 . .38 1. 7366 0.945 0.63 
0.06 9.64 0.71 .1.46 0.72 .022 ,s.o 0.26 1.1882 

6.0 0.06 11. 7 5 0.70 .175 0.60 .019 8.2 0.47 2.1479 
0.05 10.75 0.75 1. 62 0.64 .020 8.2 0.41 1.8737 1.. 53 1. 02 

9.3 0.13 16.38 0.67 .240 0.66 .020 83 . .5 0.51 2.3307 
0.19 22.73 o. (, 7 .330 0.90 .028 83.5 0.73 3.3361 

12. 0 0.23 30.42 0.78 .440 0.50 .016 18.6 0.55 2.5135 
0.13 3.6.3 0.62 . 061 1. 46 .045 18.6 1.44 6.5808 

13.0 0.21 23.22 0.68 .338 1.66 . 051 0.57 2.6049 2. 1 1.40 
0.16 19.67 0.73 .288 0.78 .024 0.28 1.2796 

NOTE: Nitrite and nitrate values in ug-at/1 can be transferred to milligrams/liter 
by multiplying the values by 0.014 

Phosphate values can be transferred to milligrams/liter by multiplying the 
values in ug-at/1 by 0.031. 
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F. Coliforms (1) 

en 
(MPN/ 100) DO (mg/ 1) Salinity (ppt) 

0 rt Temperature ( C) - - - - - - N N N N 
w +:'- V, V, O" -....J 00 '° w +:'- V, '?' -....J 00 V, O" -....J 00 

I I 
0 

'° •o C> • • 0 C> • 
0 • t>• I + 

t:;-; i • 0 ~ 
• 0 C> • 

D I • 0 C> • • 0 C> • ~~ ~ • 0 C> • ., C. 

• 0 t>• + 
• 0 [> • + I ( ~ 

(X) 

~i 1 • 0 C> • + 
• 0 C> • + 

• 0 C> • + 
ca C. + 

81 1 eo t>• + 

• •t> + 
D I eo C> • + 

• [> • + -1 C/l 

~-I i 0 • t>• + 1-3 
~ 

D eo ~ + 1-3 
H 

ti) [> + 0 z 

~~ ~ ~~ t-< 
D + I 

w • 0 C> • + 0 I ( 
~ 

• 0 C> • + ::, 

oe t>• + 
t:;J J eo t>• + 



West 

,.-... 26 u 
0 
'-" 

(l) 25 
~ 
:, 
.u 
ct! 24 s... 
C) 

0.. 
s 
QJ 23 E--' 

20 

18 

,.-... 
.u 
c~ 16 
Cl. 

'-" 

:>-, 14 
.u 
•r-1 
C: 

•.-I 
...... 12 

CCI 
U) 

10 

16 

14 

12 

10 

,.-... 8 .....; 
........ 

cC 
E: 

'-" 6 
0 
Q 

4 

2 
09 

49 

+ + + + + + 
++ ++++ + 

+ + 

• 
0 

0 0. 
0 • 

0 • •i • 0 0 

• • 0 • 0 • 
• • 

0 

13 17 21 

+ 

• 

0 

01 

STATION Y-5-B 

Yorktown 

++++++++ 
+ + + + 

• 

0 0 

e•Oi 0 (9 •• • 0 • 
0 

0 
0 

• 0 

05 09 13 



so 

STATION Y-7-B 

Yorktown 
Ci 25 + 1-1 

++ :, 
,I.J + + a:,.-. 24 + + +++++++++ 1-1 u ++ + + Q)Q 

+ + + + 0.. '-' 

a, + 
E-; 23 

• • 
• • 

8 .6 • 6 .666 - • 6 • 6 6 
,I.J 66 • 0.. ~ a. • '-' .6 
:>. 6 6 •• 6 t ~ 
,I.J • •r-f 

66 66 ! ~ f: 
•r-f • ,-i • • m 6 6 
Cf.) 

4 ~· 
6 

0 i - 0 ca o r-1 5 • 0 0 i e • • -- • 0 0 0 ·~ bO 0 ~ • e e e i a 0 s • • 0 
'-' 8 • • 4 • • 0 
0 0 • 0 

0 0 

3 

-C 
0 100 --- 0 z 
~ 80 

D 
'-' 

Ul 
s 60 1-1 
0 

4-1 
•,-I 

r-1 40 D 
0 
u D . 
µ_. 20 D 

D 0 

D 
D 

0 
09 13 17 21 01 05 09 13 



51 

APPENDIX C. SHELLFISH CONDEMNATION AREAS 
IN YORK RIVER SYSTEM 

Restricted Area Number 

3 
4.1. 
6+ 

27t 
35 
39+ 
40+ 
52 
72 
73 
78 
79 
81 
87 

107 
108 
115 
125 
128 
130 
134 
151 

Date of Original Enactment 

5 August 1948 
5 February 1944 
23 October 1950 
6 January 1941 
24 January 1972* 
24 January 1972* 
24 January 1972* 
27 September 1965 
7 March 1972 
7 March 1972 
7 March 1972 
7 March 1972 
10 March 1972 
22 March 1972 
21 April 1972 
21 April 1972 
27 April 1972 
28 April 1972 
28 April 1972 
24 March 1975 
1 May 1972 
21 February 1975 

* Original enactment probably earlier, but date unknown. 

t Areas 4, 6, 27, 39 and 40 are the only zones in the York 
proper. Maps for these are included. 
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