
HEAVY METAL INVENTORY 

IN SU~SPENDED SEDIMENT 

A~ND FLUID MUD 

OF ~:;HESAPEAKE BAY 

SPECIAL SCIENTIFIC REPORT NO. 99 

Submitted by: 

VIRGII\IIA INSTITUTE OF MARINE SCIENCE 

School of Marine Science 

College of William and Mary 

Gloucester Point, Virginia 23062 

NOVEMBER 1980 



HEAVY METAL INVENTORY OF SUSPENDED SEDIMENT 

AND FLUID MUD IN CHESAPEAKE BAY 

by 

Richard Harris, Maynard Nichols and Galen Thompson 

with 

John Banacki and George Vadas 

SPECIAL SCIENTIFIC REPORT 99 

Virginia Institute of Marine Science 

Gloucester Point, Virginia 23062 

W.J. Hargis, Jr. November, 1980 
Director 



Abstract . . 

Introduction 

Field Observations . 

Materials and Methods 

Laboratory Procedures 

Analytical Procedures . 

Quality Control .... 

CONTENTS 

Metal-Sediment Calculations . 

Sediment Analysis 

R~sults and Discussion . 

Hydrographic and Sedimentologic Trends 

Heavy Metal Trends 

Metal Interactions and Correlations . 

Summary 

References 

Acknowledgements . . 

Figures 2 through 34 . 

Tables 1 through 10 

Appendix A . . . . . . 
Appendix B . . 
Appendix c 

Appendix D . . . . 

. . . . . . 

. . . . 
. . . . . . 
. . . . . . 

. . . . . . 

. . . . . . 

. . . . . 

. 

. 

. 

i 

1 

3 

5 

8 

8 

9 

10 

11 

13 

13 

15 

17 

20 

22 

24 

. 25-57 

. 58-64 

. 65-67 

. 68-70 

. 71-72 

. 73-113 



ABSTRACT 

Heavy metals have been found associated with suspended mate­

rial, sediments and fluid mud in the Chesapeake Bay. A series 

of field observations were made along the Bay axis to determine 

the metal concentrations and their distributions at relatively 

high and at average river inflow between March 27-April 9 and 

May 2-10, 1979. 

Metal concentrations in suspended material per unit volume 

of water relate to the concentrations of suspended material. 

They are higher in the zone of the turbidity maximum than land­

ward in river water or seaward in estuarine water. Thus, metals 

associated with suspended material tend to accumulate in the 

maximum at the inner limit of salty water. 

Metal concentrations per gram of suspended material in the 

northern Bay above Annapolis (station 12), exhibit significant 

metal to metal correlations for Ni-Fe, Zn-Fe and Mn-Fe. Metal­

metal ratios normalized to iron in near-bottom suspended material 

are similar to those in surface bed sediment. 

Metal concentrations in surface bed sediments and fluid mud 

tend to decrease with distance seaward from the Susquehanna River 

mouth. The greatest decrease occurs seaward from the Potomac 

River (station 8). As, Cu, Ni, Pb and Zn per gram of sediment 

are strongly correlated with Fe. Metal ratios of northern Bay 

sediment, e.g. Pb-Fe, Cu-Fe, Sn-Fe, Zn-Fe are similar to those 

found in Baltimore Harbor, and thus suggest a harbor source. An 

inve~ntory of new metal and sediment data is now available for 

improving management of the Bay. 
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INTRODUCTION 

Protection and management of the Chesapeake Bay requires a 

knowledge of the distribution and fate of toxic metals. Urban 

and industrial development in the region has resulted in many 

potential sources of toxic compounds. These compounds have an 

insidious effect on seafood species and appear in many levels of 

the food chain that eventually lead to man. Because of their 

toxic threat and potential impact with widespread distribution 

via suspended sediments, heavy metals have become a prominent 

problem. To solve this problem requires an expanded knowledge 

of the concentration levels, transport routes and reservoirs of 

potential contaminates. This report provides new data on the 

occurrence and concentrations of heavy metals in the Chesapeake 

Bay. It aims to give State and Federal managers new information 

for more effective planning and use of the Bay. 

Sediment particles act as a depot for toxic metals that 

have an affinity to sediments. By bringing together mineral, 

organic and metal contaminates which are not in chemical equi­

librium, sediments can enhance chemical and biochemical reactions. 

When sediments are suspended in flowing tidal or river water, 

they act to carry adsorbed contaminates from their source to 

their sink, or site of deposition. Thus, the distribution of 

metals is partly determined by the hydrodynamic behavior of the 
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suspended sediment. Since many metals are associated with organic 

fractions of the suspended material, contamination is extended to 

filter feeding organisms or to plankton through their consumption 

of suspended material. Therefore, suspended sediment plays a role 

both as a vehicle for transport as well as a reservoir for metals. 

Although heavy metals have been studied in estuarine bed 

sediments for more than ten years (see bibliography), little is 

known about their distribution in suspended sediment and fluid 

mud. Carpenter, et al. (1) found marked variations in metal con­

tent of Bay suspended material with high concentrations associated 

with high organic matter. A high proportion of metal contamina­

tion is reportedly associated with dense suspensions of "fluid 

mud" in the Severn Estuary, Britain, Kirby and Parker (2). For 

this study, fluid mud is defined as a dense suspension of sediment 

with concentrations of 10 to 480 grams per liter, or 1.0 to 

4.8 percent. 

The purpose of this st.udy is to determine the concentration 

and distribution of selected heavy metals in suspended material 

and in fluid mud along the length of Chesapeake Bay. Secondly, 

to evaluate metal associations in the sediments through a range 

of changing chemical conditions, from freshwater to the sea. 
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FIELD OBSERVATIONS 

Field observations were made along the length of Chesapeake 

Bay from the ocean to the Susquehanna River mouth on four cruises: 

March 27-April 9; May 2-10, 1979 (Fig. 1). The stations were laid 

out across a longitudinal gradient of salinity and suspended mate­

rial (Fig. 1). Additionally, stations were occupied in zones of 

potential contamination at Baltimore Harbor and Hampton Roads. 

Observations were planned to meet contrasting conditions of high 

and average river inflow. All observations were made close to 

slack water (+ 1 hour) to permit comparison of data from station 

to station without the direct effects of current resuspension of 

sediment f~orn the bed. Generally, two to five stations were 

occupied during each slack water. Stations were positioned by 

radar fixes on bouys and landmarks, or by Loran C fixes. 
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Figure 1. Location of stations occupied for hydrographic 
observations and sediment sampling, cruises 1 and 2, 
March-April, 1979 and May, 1979. 
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MATERIALS AND METHODS 

Stations were occupied for continuous vertical profiles of 

temperature, turbidity (optical transmissivity), dissolved oxygen 

and pressure which represents water depth. Water samples were 

taken at standard depth intervals for analyses of salinity and 

pH, and for filtration of total suspended material with its con­

tained metals. For water depths greater than 12 m, samples were 

obtained at the surface and 8 m below the surface. A?ditionally, 

samples were taken at 3 m, 1 m and 0.3 m above the bed. For 

water depths less than 12 m, samples were taken at the surface, 

6 m below the surface and also at 2m, 1m and 0.3 m above 

the bed. 

Water depth was measured with a differential Bell and 

Howell pressure transducer, type 4-351-0054, zeroed at the 

water surface. 

Turbidity was measured with Partech turbidimeters scaled in 

percent optical absorption having sensors ranging 0-20, 0-100 

and 0-1000 ppm. The units were calibrated in the laboratory 

with samples of turbid Bay water successively diluted from maxi­

mum concentrations. The concentrations for calibration and for 

analysis of Bay water, were determined gravimetrically by 

Millipore filtration using 0.8 p pore-size membrane filters. 

When the turbidimeter is interfaced with the pressure transducer 
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' and an X-Y flat bed recorder, it provides a continuous profile of 

turbidity versus depth. 

Total suspended solids concentrations were determined accord-

ing to procedures of Strickland and Parsons (3). ~1illipore 

membrane filters of 0.45 ~ pore size were used after leaching 

of soluble material and tarring in a dehumidified roome Water 

samples were filtered fresh, within 3 hours after recovery. The 

filters were stored frozen and reweighed after drying at 85°c 

for 12 hours. 

Temperature and dissolved oxygen were measured with a Yellow 

Springs Meter, model 54ARC and calibrated according to standard 

practice. 

The pH of water sample aliquots pumped on deck, was measured 

with an Orion model 399A pH meter calibrated according to the 

manufacturer's instructions. The instrument was standardized 

bet·ween stations using two buffers. 

Salinity of water samples returned to the laboratory was 

determined on a Beckman RS-7A salinometer calibrated by routine 

procedures. 

Water samples were obtained for trace metal analyses of 

suspended material using non-contaminating diaphragm and vacuum 

pumps connected through polyethylene tubing to polyethylene 

carboys. After prefiltering with methanol to open air-clogged 

pores, Bay water was vacuum-filtered from the carboy reservoirs 

through 0.4 11m, 47 mm Nuclepore membranes until the filter 

clogged. The filter was then rinsed with distilled and de-ionized 
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\ 
water to remove sea salts and the volume of water filtered was 

recorded. Filters were then transferred with teflon coated 

0 tweezers to plastic petri dishes, and kept at < 0 C for trans-

port to the laboratory and subsequent analysis. 

Bed sediment and fluid mud were obtained with either a Smith-

Macintyre grab or a Bouma box core. The box core was fitted with 

a special acrylic liner, Lukin and Nichols (4), to prevent metal 

contamination and to retain a portion of relatively undisturbed 

sediment for X-ray radiography in the laboratory. Once retrieved 

on deck, a plastic spatula was used to remove the top 2-3 em of 

sediment, and sub-portions from various depth intervals, not in 

direct contact with sides of the core or grab. Sub-portions were 

stored frozen in plastic bags for metal analysis and in tarred 

aluminum containers for water content determination. The rim of 

the container lids was sealed with plastic tape to deter 

evaporation. 
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LABORATORY PROCEDURES 

Analytical Procedures for Metal Analysis 

The collected suspended matter was digested with concen­

trated HN0 3 and HCl (5), with the final volume adjusted to 50 ml 

volumetrically. Thus, "suspended metal concentrations" were 

determined. Stock solutions were prepared as indicated (5), with 

calibration standards made up in HCl to match sample acid concen­

trations. Fluid mud, dried at 65°C, was similarly digested 

(0.25 g) and prepared for analysis. 

Flame atomic absorption was used to determine Fe, ~ln, and 

Zn. Graphite furnace (flameless) atomic absorption was used to 

obtain concentrations of As, Cd, Cu, Hg, Ni, Pb, and Sn. Para­

meters for these analyses are shown in Table 1. Background 

correction with either a hydrogen or deuterium lamp, was always 

applied. 

An indication of the need for standard addition analyses 

was obtained by measuring the recovery of known metal additions 

to dige~ted suspended sediment and fluid mud samples. This 

method revealed the matrix suppression of the absorption signals. 

Recoveries were > 93°/o for all metals except Hg in suspended 

sediment,and Hg, Pb in fluid mud, which_ required standard addi­

tion corrections. 
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Q~al~ty -~o~tr~L.<.:?.!._~eta.!_~na!ysis iPr~cision~nd ~ccurac_y) 

The following precautions were routinely observed in an 

effort to keep metal contamination from various sources as low as 

possible: (1) Acids were distilled at sub-boiling temperatures 

in a fused silica still (Quartz Products Corporation, Plainfield, 

N.J.). (2) Water was softened and passed through 25 ~m filters 

and reverse osmosis membranes prior to sub-boiling distillation. 

(3) All reagents and water were quantitatively analyzed for the 

metals of interest by flameless atomic absorption. (4) Labware 

was leached in 1:1 (v/v) HN0 3 and thoroughly rinsed with high 

purity water. (5) Procedural blank levels were continuously 

monitored for low metal levels during each atomic absorption run. 

As indicated only distilled, de-ionized water and sub-

boiling distilled acids were used. All reagents were checked 

for trace metal content, as shown in Table 2. Digestion "run" 

blanks were continuously monitored, showing only minor problems 

with Cu and Pb. Shipboard filter blanks (one liter of distilled, 

de-ionized water through pump and filter apparatuses) were 

determined to pinpoint metal contaminants during the collection 

procedure. No significant concentrations were noted. 

Recovery of the metals of interest during the digestion 

procedure is shown in Table 3. Values obtained agree with the 

0 known additions, thus showing > 90 /o recovery. 

USGS Standards (G-2, GSP-1, MAG-1) and NBS Bovine Liver 

were digested and analyzed to provide indications of the preci­

sion and accuracy of the suspended sediment and fluid mud 
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procedures (Tables 4-7). The HN03/HC1 digestion procedure 

totally digests suspended sediment and fluid mud samples, versus 

possible metal leaching. Good agreement with known metal con-

centrations was obtained. 

Results from the EPA Water Pollution Study (WPOOS) are given 

in ~~able 8. All concentrations obtained in our laboratory, except 

for volatile Hg, showed very good agreement with the "true" values 

and all of the metal determinations were considered acceptable 

by EPA. 

Several suspended and bed sediment replicates are shown in 

Tables 9 and 10. These analyses indicate the good reproducibil-

ity of suspended and bed sediment collections and digestions. 

Slight variations are mainly due to inhomogenity in the natural 

samples. 0 In conjunction with Tables 3-8, accuracy is ± 10 /o of 

known concentrations for all metals, except for Fe, Pb, and Zn 

0 which are ± 4 jo. Precision, analytical and sampling, is better 

than ± l0°jo for Cu, Fe, Mn, Pb, Zn and within + 15°/o for As, 

Cd, Hg, Ni, Sn. 

Metal-Sediment Calculations 

Concentrations per liter of Bay water were determined by 

dividing metal levels per 50 ml of final digest volume by the 

volume of water passed through the Nuclepore filters until they 

clogged. Similarly, the concentrations per liter of Bay water 

were divided by the suspended matter concentrations (mg/1) to 

obtain metal concentrations per gram of suspended material. 

Thus, the variable "less than" concentrations presented in the 
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figures and Appendices represent conversions of minimum working 

detection limits to metal concentrations per liter of Bay water 

or per gram of suspended matter. 

Sediment ~na~~s 

Water content of bed sediments was determined gravimetrically 

by weight loss. Approximately 20 ml of sample, which was stored 

in tarred aluminum containers, was oven-dried at 105°C for 24 

hours and reweighed after cooling to room temperature in a de-

humidified room. The weight loss was taken as the weight. of 

water in the sample and the percent water content was calculated 

according to the equation: 

w = c 

Water content, tJJ , is the ratio in percent of the weight of 
c 

water in a given sediment mass, w , to the weight of the oven­
w 

dried solid particles, w s Bulk density of the sediment, defined 

as the weight per unit volume of the total sediment mass, was 

derived from the water content data assuming a grain density of 

2.70 using the relation: 

p = 

where wt is the total wet sediment weight, wd is the dry sediment 

weight and w is the weight of water. w 
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Organic content of bed and suspended sediment was determined 

gravimetrically by weight loss after combustion. For suspended 

sediment, the Millipore filters used for analysis of total con­

centration were combusted in a tarred ceramic crucible at 385°C 

for 8 hours. After cooling in a dehumidified room to ambient 

temperature the remaining ash was reweighed. For control, empty 

crucibles were processed with the sample crucibles including 

cleaning, drying, weighing, combustion and reweighing. The 

analysis gives an estimate of the organic content based on per-

cent of total dry weight. 
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RESULTS AND DISCUSSION 

Hydr~gr~phic ~nd _ Se~imentologic Trends_ 

The distribution of hydrographic parameters is shown in 

Figures 2, 3, 10 and 11. Temperature, which affects water den-

sity, oxygen solubility and other physico-chemical properties, 

varies with depth and distance seaward along the Bay. Whereas 

th.e May distributions were relatively isothermal, varying less 

0 
than 5.4 C throughout central and upper reaches, the March-April 

distributions reveal a change from 10.8°C in near-surface river 

water (station 18) to 1.8°C in deeper parts of the Bay (station 

11, Fig. 2). 0 The cool pool of water, < 5.0 C, bathes the entire 

central Bay below the 6 to 8 m depth. The pool probably repre-

sents residual winter water that is incompletely mixed and thus 

produces a degree of thermal stratification. Stability of the 

water is strengthened by diminished near-surface salinity. 

Salinity values of the mid-Bay (station 10) are 8.4°/oo 

fresher at the surface than near the bottom (Fig. 2), a distri-

bution common to two-layered estuarine regimes. Over the Bay 

0 length, the salinity ranges from nearly fresh, < 0.1 /oo, near 

the Susquehanna Rive."t" mouth to more than 25° /oo off the Bay 

entrance. The transition from fresh river water to salty ocean 

water is gradual. With subsiding river flow between March-April 

and May, the 5°/oo surface isohaline intruded landward 20 kme 
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Dissolved oxygen concentration varied within narrow limits 

(8.1 to 12.9 ppm) throughout the Bay during March-April despite 

substantial thermo-haline stratification (Fig. 2). In May, how­

ever, lower water below 12 m in the upper Bay, was depleted to 

less than 5 ppm (Fig. 10). Such a change is an annual event and 

is associated with increased oxygen utilization which increases 

with increasing temperature. 

The concentrations of total suspended material, including 

organic and inorganic particles, exhibit three major distribu­

tional features (Figs. 3 and 11): (1) A zone of intermediate 

values, 10 to 20 mg/1, near the Bay entrance between stations 2 

to 6. This is a zone where suspended material can be resuspended 

from the bed by current scour& (_2) A downward increase from the 

surface toward the bed with highest concentrations just above the 

bed, a potential source of sediment. This vertical gradient can 

be developed both by downward settling and by resuspension of 

source bed sediment. (3) A zone of relatively high values, 

greater than 40 mg/1 near the inner limit of salty water at 

1°/oo salinity, stations 14-16, Figures 3 and 11, which defines 

a feature called the turbidity maximum. Material in the maximum, 

which can be derived either from the bed or from the Susquehanna 

River, accumulates at the inner limit of salty water because it 

is trapped in the convergence of seaward river flow and landward 

saline flow. Metal concentrations in this zone display marked 

variations. 
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The longitudinal distribution of metal concentrations in 

suspended material is shown in Figures 4-9 and Figures 12-17. 

The metal distributions are presented first as weight per liter 

of Bay water (e.g. mg/1) and then as weight per gram of sus-

pended matter (e.g. ug/g). Values of metal concentrations in 

suspended matter are given in Appendix A and B, while values 

for bed sediment, including fluid mud, are given in Appendix c. 

Hydrographic and sedimentological data are presented together 

with metal concentrations in Appendix D. 

Metal concentrations, i.e. weight per volume, vary directly 

with total concentrations of suspended matter. Metal concentra-

tions increase as suspended matter increases. As shown in Figures 

3-6 and 11-14, metal concentrations are higher in the turbidity 

maximum zone, stations 14-17, than elsewhere. Also in this zone 

metal concentrations are relatively uniform with water depth, but 

they are relatively high in near-bottom water where suspended 

concentrations are high. 

Carpenter, et al. (1) observed similar levels of metal con-

centrations in suspended matter for Cd (< 10 ~g/g), Cu {100-200 

~g/g), Ni (< 250 pg/g), Fe 2°/o to 6°/o and Zn (0.5 to 1.0 mg/g) 

in Susquehanna River discharge. Most Fe and Zn concentrations 

were associated with the suspended solids fraction whereas Ni and 

Cu were mainly in the dissolved fraction. 
0 Eaton (6) found 5-7 /o 

Fe and 0.2-0.6 mg/g zn in suspended matter from the Susquehanna 

River, as well as 50-250 ~g/1 Mn (7) in the mid-Chesapeake Bay, 
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which was mainly in the soluble fraction. Cronin, et al. (8) 

determined concentrations in mid-Bay bottom waters of < 6 ~g/1 

total Cu and < 20 ~g/1 total Zn, mainly associated with suspended 

solids. Harris (9) found < 0.5 ~g/1 Cd, < 1 pg/1 Ni, and < 10 

~g/1 Pb in mid-Bay waters off Bloody Point. 

The paucity of As and Sn data in the Chesapeake Bay precludes 

direct comparison of our concentrations with others. However, 

Andreae (10) found As concentrations of < 1 ~g/1 in seawater sam-

ples from Southern California, as did Waslenchuk and Windom (11) 

off the Georgia coast. Hodge, et al. (12) observed .08-.49 ~g/1 

Sn in Lake Michigan waters and up to 15 ~g/g in Narragansett Bay 

sediment. 

Metal concentrations from samples of surface bed sediment, 

including fluid mud, tend to increase with distance landward from 

the Bay entrance. For example, Cu increases from about 1.0 )Jg/g 

to more than 40 ~g/g near the Susquehanna River, Fe increased 

0 0 from 0.5 /o to more than 4.5 jo, and Zn from about 0.13 mg/g to 

more than 0.30 mg/g. These trends generally reflect decreasing 

sand content with distance landward and nearness to the river, a 

source of metals arid fine sediment. 

Goldberg, et al. (13), recorded metal concentrations in sur-

face bed sediment which are comparable to .our metal levels 

0 (Appendix C), e.g. < 0.2-0.5 pg/g Cd, 20-60 ~g/g Cu, 3.8-4.6 jo 

Fe, 0.4-3.2 mg/g Mn, 40-80 ]Jg/g Ni, 30-90 ~g/g Pb, and 0.1-0.4 

mg/g Zn. Bender, et al. (.14) found < 0.15 }lg/g Hg in Rappahannock 

River sediment, which was close to the < 0.2 ]Jg/g obtained by 
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Brinckman and Iverson (15) in the top layer of sediment in the 

Chesapeake Bay. In bed sediment at the mouth of the Potomac 

River, Pheiffer, et al. (16) recorded concentrations of 35 pg/g 

Cu, 20 pg/g Pb, 0.5 mg/g Mn, 0.2 mg/g Zn, < 2°/o Fe, and < 20 ]lg/g 

Ni. Biggs (17) found an average of 3.9°/o Fe in Bay sediment near 

the mouth of the Patuxent River. 

Metal Interactions and Correlations ·--------·----·----------·-
To investigate significant interrelationships between metals, 

correlation coefficients were calculated according to Bennett and 

Franklin (18), Ostle (19), and Sakal and Rohlf (20). Coeffi-

cients > 0.70 are considered significant since these will account 

for at least 50°/o of the covariation at the> 95°/o level (20-22). 

In surface suspended matter, metal-metal correlations varied 

within wide limits. However, as seen in Figure 13, Mn-Fe were 

significantly correlated (r = .80) except for cruise 2 upper Bay 

stations. Cu-Zn (Fig. 19) and Ni-Zn (Fig. 20) also showed signi-

ficant correlations except for mid-Bay and near-ocean stations, 

cruise 2. 

In near-bottom suspended sediment, metals throughout the Bay 

were not highly correlated with Fe, as shown for Cu in Figure 21. 

However, Fe-Mn (Fig. 22) were significantly correlated (p < .05), 

as were several metals with each other, such as Cu-Zn and Ni-Zn 

in Figure 23. Since contributing sources of suspended sediment 

to the Chesapeake Bay are so varied, including fluvial, shore 

erosion, and biogenic inputs (21, 22, 23), any correlations con-
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sistent throughout the entire Bay would be unexpected. However, 

samples from stations 12-21 in the northern Bay show significant 

correlations of metals with Fe, as shown for Ni-Fe and Zn-Fe 

(Figr. 24), probably due to the extensive Susquehanna River influ­

ence~. Additionally, metal data normalized to Fe from these 

stat~ions show comparable ratios between near-bottom suspended 

sediment and bed sediment. For example, Ni-Fe in bed sediment 

from the northern Bay equals (15 ~ 5) X 10- 4 which compares with 

(16 + 5) X 10- 4 in near-bottom suspended sediment. 

Bay-wide trends reveal that upper Bay near-bottom suspended 

matter has depleted metal/Fe ratios in contrast to middle and 

lower Bay stations (see Figs. 25-27), a trend opposite to that 

observed in the bed sediment (Figs. 32-34). However, since ratios 

for metal/Fe are similar for bed sediment and near-bottom sus­

pended matter in the northern Bay, but opposite in the middle and 

lowe~r Bay, this might reflect the different sources of suspended 

matter - i.e. the Susquehanna River in the northern Bay versus 

nearshore erosion in the middle and lower Bays (1, 21, 23, 24). 

Furt.hermore, Schubel (25) observed extensive local resuspension 

of bottom sediment near the haad of the Chesapeake Bay, a process 

which could account for similar metal/Fe ratios in bed sediment 

and near-bottom suspended matter. 

Significant correlations (i.e. p < .05) were found between 

alJ metals in bed sediment, especially with Fe, for cruises 1 and 

2. For example, Figures 28-30 show As-Fe, Cu-Fe, and Zn-Fe trends 

throughout the Bay, with the calculated correlation coefficients 

-18-



(r) noted. Mercury concentrations were too low or non-detectable 

to correlate with other metals. Whether the observed correla­

tions are a result of just metal-metal chemical interactions or 

the effect of particle size and organic content in the sediment 

cannot be ascertained at this time. The signifj.cance of size and 

organic content on metal concentrations has been noted in a vari­

ety of studies (26, 27). Schubel (21) commented on the affects 

of both fine sediments, from the Piedmont in the upper Bay and 

from shore erosion of Coastal Plain sediments in the middle and 

lower Bay, and organic enrichment in producing a gradient of 

heavy metal concentrations in the Chesapeake Bay. 

To partially eliminate unknown variables (e.g. particle size), 

metal concentrations were normalized to Fe since all elements 

correlate well with Fe in bed sediment and Fe can be taken as an 

indicator of Fe-oxyhydroxides and minerals in suspension which can 

act as metal adsorbers (28). The As-Fe ratio was fairly constant 

throughout the Bay (Fig. 31). Andreae {10) noted the significant 

influence of biological activity on arsenic concentrations. The 

other metals had consistently higher ratios in the northern Bay, 

as observed for Mn-Fe (Fig. 32), Pb-Fe (Fig. 33), and Zn-Fe 

(Fig. 34). Cu and Zn showed the greatest increase. Thus, bed 

sediment in the northern Bay is impacted by high trace metal 

loads from the Susquehanna River (_13, 21). Additionally, 

industrial discharge from Baltimore Harbor probably enhances 

concentrations observed at stations 20 and 21 (Figs~ 32-34). 
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SUMMARY 

1. Metal concentrations per gram of suspended matter vary 

widely with location in the Bay. Distinct trends 

are not evident as with metals in bed sediment, however, 

{a) Metal concentrations expressed as ~g metal/1 Bay 

water correlate with mg suspended matter/1 Bay 

water, the more suspended matter, the more metal. 

(b) Metals in near-bottom suspended matter are not 

significantly correlated with Fe or Mn, although 

the Fe-Mn correlation is significant and several 

metals tend to correlate with each other (Ni-Zn, 

Cu-Zn). However, northern Bay (stations 12-21) 

suspended matter shows significant metal-Fe 

correlations (e.g. Ni-Fe, Zn-Fe) probably due 

to the Susquehanna River influence. Also, metal 

data normalized to Fe for these stations show 

comparable ratios in bed sediment, possibly due 

to common sources and interactions. 

2. Metal concentrations in bed sediments tend to increase as one 

goes from the mouth of the Bay to the Susquehanna River, e .. g. 

0 0 Fe from < 1 jo up to 4 jo, Zn from < .05 mg/g to> 0.2 mg/g. 

Hg concentrations throughout the Bay are < .07 ~g/g. 
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3. Significant correlations (r > .70) exist between all metals 

in the bed sediment, especially with Fe; e.g. As-Fe, Cu-Fe, 

Ni-Fe, Pb-Fe, Zn-Fe. For data normalized to Fe, increased 

concentrations of these metals are observed in the upper 

Bay per unit of Fe. Cu and Zn show the greatest enhance­

ment. 
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Figure 2. Longitudinal distribution of temperature (upper), 
salinity (middle), and oxygen dissolved content 
(lower), along the Bay axis, March 27-April 2, 1979, 
cruise 1. 
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Figure 3. Longitudinal distribution of total suspended material 
(solids) (upper) and combustible organic matter (lower), 
along the Bay axis, March 27-April 2, 1979, cruise 1. 
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Figure 4. Longitudinal distribution of arsenic (upper), cadmium 
(middle) and copper (lower), along the Bay axis, 
March 27-April 2, 1979, cruise 1. Concentrations 
per liter of Bay wat~r. 
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Figure 5. Longitudinal distribution of iron (upper), manganese 
(middle) and lead (lower), along the Bay axis, 
March 27-April 2, 1979, cruise 1. Concentrations 
per liter of Bay water, cruise 1. 
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Figure 6. Longitudinal distributiop of nickel (upper), zinc 
(lower), along the Bay axis, March 27-April 2, 1979, 
cruise 1. Concentrations per liter of Bay water. 
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Figure 7. Longitudinal distribution of arsenic (upper), cadmium 
(middle) and copper (lower), along the Bay axis, 
March 27-April 2, 1979, cruise 1. Concentrations 
per gram of suspended material. 
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Figure 8. Longitudinal distribution of iron (upper), manganese 
(middle), and lead (lower), along the Bay axis, 

March 27-April 2, 1979, cruise 1. Concentrations 
per gram of suspended material. 
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Figure 10. Longitudinal distribution of temperature (upper), 
salinity (middle), and oxygen (lower), along the 
Bay axis, May 2-10, 1979, cruise 2. 
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Figure 11. Longitudinal distribution of total suspended material 
(solids) (upper) and pH (lower), May 2-10, 1979 
cruise 2. 
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Figure 12. Longitudinal distribution of arsenic (upper), cadmium 
(middle), and copper (lower), along the Bay axis, 

May 2-10, 1979, cruise 2. Concentrations per liter 
of Bay water. 
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Figure 13. Longitudinal distribution of iron (upper), manganese 
(middle), and lead (lower), along the Bay axis, 

May 2-10, 1979, cruise 2. Concentrations per liter 
of Bay water. 
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Figure 14. Longitudinal distribution of nickel (upper) and zinc 
(lower), along the Bay axis, May 2-10, 1979, cruise 2. 
Concentrations per liter of Bay water. 
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Figure 15. Longitudinal distribution of arsenic (upper), cadmium 
(middle), and copper (lower), along the Bay axis, 

May 2-10, 1979, cruise 2. Concentrations per gram 
of suspended material. 
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Figure 17. Longitudinal distribution of nickel {upper) and zinc 
{lower), along the Bay axis, May 2-10, 1979, cruise 2. 
Concentrations per gram of suspended material. 
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Figure 26. Ni-Fe ratios with distance along the Bay axis. From 
samples of near-bottom suspended matter, cruises 1 and 2. 
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from cruises 1 and 2, and the corresponding correlation 
coefficients (r). 

-52-



.70 

.60 

.50 

C'l 

' 0 
.40 E 

c::: 
N 

.30 

. 25 

.20 

.15 • 

.10 
• 0 

. 05 • 00 • 
_, 0 

• 
2 

0 

8 
0 

Q) 

0 

BED SEDIMENT 

• 
0 • 

0 

• • 

3 

o CRUISE I r =.92 
• CRUISE 2 r =.96 

0 0 •• 
0 • 

• • 

4 

• 
0 

0 

5 

Figure 30. Zn versus Fe in samples of bed sediment and fluid mud 
from cruises 1 and 2, and the corresponding correlation 
coefficients (r). 

-53-



'0 
I "' U1 

,.1:::. <niQ) I <tLJ... 

4 

3 

0 

2 0 • 
• • • 

0 

0 

o CRUISE I 
• CRUISE 2 

0 

0 0 0 

• 
0 

0 • 
• • • •• 

0 

BED SEDIMENT 

0 

• 0 
0 • 

0 • 0 

• • 0 0 
0 

0 • 

0~----~------.------.------.-----~r------r------r-----, 

• 

320 280 240 200 160 120 80 40 0 km 

@@@ 
@ @) @ @@)@ @ @ @) ® ® 

STATION NUMBER 

Figure 31. As-Fe ratios with distance along the Bay axis. From 
samples of bed sediment and fluid mud, cruises 1 and 2. 
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Figure 32. Mn-Fe ratios with distance along the Bay axis. From 
samples of bed sediment and fluid mud, cruises 1 and 2. 
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Figure 33. Pb-Fe ratios with distance along the Bay axis. From 
samples of bed sediment and fluid mud, cruises 1 and 2. 
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Figure 34. Zn-Fe ratios with distance along the Bay axis. From 
samples of bed sediment and fluid mud, cruises 1 and 2. 



TABLE 1 

PARAMETERS FOR ATOMIC ABSORPTION ANALYSES 

Flame AA ... Varian AA 5 

SQeC ifications Fe Mn 

wavelength, om 248.3, 279.5 
373.7 

lamp current, rna 5 5 

slit, 1~ 50 50 

air flow, meter 
units 7 7 

c21!-t flow, meter 
un~ s 2 2 

Flameless AA - Perkin Elmer 703 2 HGA 2200 
1 2 

SEecif:ications As Cd Cu !!& Ni 

wavelength, nm 193.7 228.8 324.7 253.7 232.0 

slit w:idth, nm 0.7 0.7 0.7 0.7 0.2 

lamp current, rna 18 4 10 6 20 

N2 gas flow stop 3 nann 3 nann 3 stop 3 norm 3 

sample size, ~1 20 20 20 50 50 

dry T, oc 105 105 105 105 105 

dry t, sec 20 20 20 35 35 

char T, oc 1100 300 500 200 500 

char t, sec 15 10 10 15 15 

atomize T, oc 2700 2000 2100(mp) '2300 2700 

atomize t, sec 8 8 8 8(ramp) 8 

signal mode peak peak peak peak peak 

(mp=max power) 

Zn 

213.9 

5 

100 

8 

2 

Pb 

283.3 

0.7 

10 

stop 

20 

105 

20 

500 

10 

2700 

8 

peak 

Sn 

286.3 

0.7 

30 

3 stop 3 

50 

105 

35 

BOO 

15 

2200(mp) 

8 

peak 

1 one ml sample + 10 ul 1000 ppm Ni (N03)2 2 one ml sample + 20 ~1 50% H202 + 50 ~1 cone. HCl {34, 35) 
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HN0
3 

(n=S) 

HC1 (n=5) 

Distilled, 
deionized 
water (n=5) 

As 
llg/1 

<0. 2 

<0.7 

<0. 5 

Cd Cu 
llg/1 llg/1 

<0.2 <1. 5 

<0 .1 <1.0 

<0 .1 <0.8 

TABLE 2 

BLANK DATA 

Fe ...l!9: 
mg/1 llg/1 

<.014 <0. 7 

<.009 <0. 5 

<.00$ <0. 5 

Mn Ni Pb Sn z--n-
mg/1 llg/1 llg/1 llg/1 mg7l-

<.001 <1. 6 <0.7 <1. 3 <.001 

<.001 <1. 0 <0.7 <1. 0 <.001 

<.0006 <0. 8 <0.8 <0. 3 <.001 

Run Blanks <.53 <.29 <1.8 <.56 <.37 <.025 <.83 <2.8 <.83 <.0087 
(50 ml vol., 
n=20) 

Shipboard 
filter 
collection 
blanks 
(1 liter 
vo1., n=13) 

<.044 <.032 <.090 <.0021 <.022 <.001 <.040 <.14 <.028 <.0038 

TABLE 3 

RECOVERY OF METALS ADDED TO HN0
3 

- THRU DIGESTION PROCEDURE 

(llg/1 concentrations) 

_Sample As Cd Cu Fe Hg Mn N1 Pb Sn Zn 

A (a) 7.9 1.4 2.2 18 2.2 7.0 7.8 7.7 8.0 6.5 
8.3 1.5 2.4 19 2.0 7.6 8. 2 7.9 8.1 6.6 

(b) 8.0 1.4 2.2 18 2.0 7.5 8.3 8.0 8.0 6.8 

B (a) 11 2. 2 3.3 25 3.0 11 12 12 12 9.4 
12 2.0 3.2 29 3.5 10 12 11 13 9.8 

(b) 12 2.1 3.4 27 3.0 11 12 12 12 10 

c (a) 17 3.2 5.5 42 5.0 17 20 19 21 17 
18 3.2 5.3 47 5.2 18 21 19 22 l.7 

(b) 20 3.5 5.6 45 5.0 19 21 20 20 17 
----------

(a) values obtained (b) known additions 
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Metal 

As 

Cd 

Cu 

Fe (%) 

Hg 

Hn 

Ni 

Pb 

Jn 

Me.ta1 

As 

Cd 

Cu 

'Fe (%) 

Hg 

Mn 

Ni 

Pb 

Zn 

TABLE 4 

USGS STANDARD G-2 (n=4) 

Concentration ~ag7g~ Stanaara Values* 
-
X s.d. 

< 0.2 (0.2) 

< 0.1 . 04 

10.0 0.8 11 

1.8 0.1 1.8 

< 0.2 ((0.1) 

210 20 212 

5.5 0 .. 4 5.1 

31 2 31 

85 4 85 

TABLE 5 

USGS STANDARD GSP-1 (n=5) 

Concentration ~/g) 

x 

< 0.2 

< 0.08 

30 

2.5 

< 0.2 

221 

12.6 

50 

98 

s.d. 

-· 
2 

0.3 

26 

1.9 

4 

10 

Stanaard Values* 

( 0.1) 

.06 

33 

2.6 

((0.1) 

264 

12.5 

51 

98 

*References (5) thru (7) 
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TABLE 6 

USGS STANDARD MAG-1 (n=4) 

Metal Concentration (Ag7g~ Standard Values~ 
-
X s.d. 

Cd .16 .03 .14 

Cu 25.4 0.8 26 

Fe (%) 4.3 0.4 4.4 

Hg < 0.4 

Mn 695 35 

Ni 52 4 51 

Ph 22 1 23 

Zn 117 5 120 

*References (5) thru(7) 

TABLE 7 

BOVINE LIVER (n=4) 

NBS SRM 1577 

Metal Concentration ~J.m7g~ NBS Values 

X s.d. X s.d. 
As . 054 . 005 (.055) 

Cd .28 . 02 .27 .04 

Cu 186 9 193 10 

Fe 265 15 270 20 

Hg (.033 .016 .002 

Mn 10.2 .6 10.3 1.0 

Ni 2.8 .. 4 

Ph .37 . 05 .34 . 08 

Sn .093 .007 

Zn 128 6 130 10 
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TABLE 8 

EPA WATER POLLUTION STUDY WP005 

Sample No. True Value Metal Reported Warning Limits 
(Ag/12 (Ag/1} {HS;/12 

As 1 313 300 163 - 437 
2 25 22 11.3 31.7 

Gd 1 67 70 52.0 - 81.0 
2 3.2 2.5 0 6.78 

Cu 1 384 350 262 - 428 
2 12 11 2.50 - 23.5 

Fe 1 938 900 751 - 1054 
2 25 20 0 - 58.1 

Hg 1 4.9 8 1.49 12.7 
2 .43 ,75 .146 - 1.55 

Mn 1 521 500 438 - 554 
2 15 15 1.77 - 29.7 

Ni 1 323 300 226 - 377 
2 36 30 7.44 - 56.3 

Pb 1 404 400 298 - 491 
2 26 24 7.97 - 46.0 

Zn 1 438 400 336 - 468 
2 16 16 .665 - 36.6 
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TABLE 9 

CRUISE 1 

Suspended Sediment Replicate Analyses (metal/1 Bay water filtered) 

Station/ 
Depth {m} As Cd Cu Fe Hg Mn Ni Ph Sn Zn 

}.tg/1 .4g/l ug/1 mg/1 }lg/1 ~g/1 }.:\g/1 }.lg/1 ~g/1 ug/1 

17/6 .39 (.04 1.5 1.7 (.05 130 2.7 2.1 0.5 12 
.50 (.14 1.6 2.2 <' .10 130 2.2 2.6 0.4 12 
.60 (.14 1.6 2.4 (.10 140 3.6 2.6 0.3 11 
.60 (.14 1.7 2.4 (.10 140 2.2 2.8 0.3 11 

- .52 X (.14 1.6 2.2 (.10 135 2.7 2.5 0.4 12 
s.d. .10 0.1 0.3 5 0.6 0.3 0.1 0.5 

19,0 .18 .10 1.8 1.0 (.07 31 5.9 2.5 0.3 18 
.30 (.14 2.0 .94 (.10 30 6.0 2.4 (0.2 21 
.20 .06 1.9 .84 (.10 28 6.0 l.5 (0.2 20 
.20 . 06 2.0 1.1 (.10 40 5.6 1.4 (0.2 19 

-
X .22 (.14 1.9 .97 (.10 32 5.9 2.0 (0.3 20 

s.d. . 05 0.1 .10 5 0.2 0.5 1 

19/5.1 I . 26 (.05 1.4 1.2 (.06 36 2.4 2.4 (0.2 13 
.30 (.06 1.4 1.8 <'. 10 44 2.8 1.7 (0.2 12 
.20 (.06 1.4 1.5 (.10 44 3.4 1.9 (0.2 12 

-
X .25 <.06 1.4 1.5 (.10 41 2.9 2.0 <o.z 12 

s.d. . 05 0.3 4 0.5 0.3 0.6 

15/9. 5 1.4 . 069 6.7 6.5 (.08 460 9.4 5.9 0.4 53 
2.0 .078 7.0 7.4 (.10 590 9.3 5.0 $0.2 59 
2.1 (.07 6.7 7.4 (.11 570 10 5.7 0.3 61 

- 1.8 <.08 6.8 7.1 <.11 540 9.6 5.5 <o.4 57 X 
s.d. 0.4 0.2 0.5 70 0.4 0.4 4 

-x = mean 

s.d. = standard deviation 
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TABLE 10 

CRUISE :2 

(dry weight) 

Stat~on As 
Cd -__ .. C_u _____ Fe 

_ _llg_ Mn Ni Pb Sn Zn 

~.g/g )lg/g ug/g % Ptg/g mg/g '}.lg/g )lg/g p.g/g mg/g 

3 3.3 0.05 2.7 1.2 < . 06 .25 12 8.3 .54 .053 
3.3 0.04 3.0 1.2 ~ . 06 .26 10 9.2 .47 . 051 
3.6 0.03 2.6 1.3 . 08 .26 8.3 9.1 .62 .052 

- 3.4 0.04 2.8 1.2 < . 08 .26 10 8.9 .54 . 052 X 

s.d. 0.2 0.01 0.2 . 06 .01 1.8 0.5 .07 . 001 

13 6.0 .25 35 4.3 < . 06 3.3 73 62 1.9 .26 
6.2 .23 31 3.9 0.2 2.9 61 61 2.1 .25 
5.6 .18 27 3.6 < . 06 2.8 54 54 1.8 .22 

-
X 5.9 .22 31 3.9 (0.2 3.0 63 59 1.9 .24 

s.d. 0.3 .03 4 0.3 0.2 9 4 0.2 . 02 

20 5.3 . 05 34 2.1 < . 06 1.5 19 45 1.9 .13 
4.8 . 09 33 2.0 < . 03 1.5 22 41 1.7 .13 
4.2 . 09 34 2.1 < . 02 1.5 25 36 2.0 .15 

- 4.8 . 08 X 34 2.1 < . 06 1.5 22 41 1.9 .14 
s.d. 0.5 . 02 0.6 . 06 3 4 0.2 .01 

-x = mean 

s.d. = standard deviation 

-64-



APPENDIX A 

Metal concentrations in suspended sediment in ~g/1 Chesapeake 
Bay water, except for Fe and suspended matter ("Sus Mat") in 
mg/1. 

ST-DP = Station-depth (in meters) 
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APPENDIX A, CONT'D., CRUISE 1 

ST-OP AS CC Cl: F!: hG t-'!1\ 
2-C <.02~ .020 .1~ .tC <.04h 4.5 
2-Ll <.(24<.071 .76 .C~b<.C41<3.f 

~-L3 <.024 .C3L .48 .052<.U4l<3.t 
3-0 <.025<.C4C .4S .11 <.C4b 5.1 
3-6 .CQ7<.C7i .72 .lt <.0~2<3.6 
3-t:.7 .19 <.071 '-'•2 .~<; <.041 lH 
4-0 <.025 .03C .fO .43 <.C4f 12 
4-t· <.02'• .03f 1.1 .3i:. <.C4l 1t3 
4-13 .15 .cs~ 1.4 .34 <.041 14 
5-C <.013 .15 1.2 .22 <.024 5.~ 
s-2 .o3s .c1 .~c .12 <.G21 ~.o 
~-14 .32 .10 1.r .85 <.c59 18 
6-C <.C23<.C3~ .1~ .C81 <.044 5.4 
6-b.3 .18 .4C .S3 .~7 <.10 24 
6-11 .44 .74 2.5 1.4 <.C6~ 31 
7-C ~.042<.Uf7 .14 .11 <.CdC 2.7 
7-P .06~ .11 .t5 .082<.070<3.1 
7-15 <.032 .C3C .31 .2C ~.035<1.8 
e-r <.032 .Cit .69 .075<.055<2.5 
8-7.3<.039<.019 .(8 .13 <.066<3.1 
A-?1 .21 .01~ 1.2 1.1 <.C5C 54 
s- o < • o 1 2 • o 1 .!: • 5 5 • 1 2 < • o 2 1 < • s s 
s-n <.012<.COL .i7 .o~ <.021 4.4 
S-L3 .16 <.CCG .7i .64 <.C2~ 3g 

10-0 <.Cl7.0C4B .35 .Ob4 <.0?3 4.2 
lO-b <.023.0C83 .2t .CbC<.025 3.6 
10-?.3 .011 .Cl 7 .~1 .3B <.025 17 
11-0 <.Ol6.C04~ .23 .oto <.023 t.5 
ll-ci <.OlS .14 .22 .Ot5<.C2l<l.l 
11-19 .18 .25 L.f .75 <.06S 2~ 
L2-0 <.05S 1.1 .t3 .q2 <.C6C 28 
\2-b <.059<.Cl2 .7B .~c <.061 2~ 
1~-12 .2~ .Cf7 1.L l.B .33 61 
13-C <.UJC.GC43 .52 .51 <.C4l 16 
1~-f .13 .Ct5 .83 .75 <.038 2b 
13-12 .43 l.f .S4 t.e <.Ot2 65 
14-0 .37 .O?C 1.3 1.3 <.C55 5t 
14-f .45 .03~ 1.3 1.3 .2A 82 
14-11 .6B .6E 1.8 2.3 <.C6~ 98 
1~-C .4~ .7~ 1.7 1.8 <.C46 St 
15-t .82 .79 2.3 ?•8 <.G74 14t 
1 ~- <j • 5 l • 4 • c t s 6 •. , 6 • 5 < • 0 7 9 4 t 0 
16-C .50 1,5 3.0 2.5 <.11 140 
lt:-t .b~ .o~n 1.1 2.5 <.OY4 L31 
16-8 .53 .37 3.7 2.3 <.C8t 9b 
17-0 .3S .C?l 2.C 2.G <.C67 o3 
17-f .3S <.C40 l.~ 1.7 <.045 126 
11-11 .41 .ctt 2.? 1.1 <.047 se 
te-e .40 .20 2.2 2.2 <.OBJ 104 
lB-6 .28 <.063 2.7 2.2 <.070 84 
1~-11 .22 <.OfS 2.5 2.1 <.C77 72 
19-C .te .10 l.~ l.C <.C73 31 
lc.i-4.4<.086 .36 l.i> 1.1 <.C6C 34 
19-5.1 .26 <.C54 1.4 1.; <.CtO 36 
2C-C .13 .25 2.5 .8? <.073 j4 
20-A .23 <.C4b 2.1 .77 <.0~4 2J 
2 0- l '- 1 • s • 1 2 4 • 9 6 • 9 < .. () 5 6 4 4 0 
21-0 .7f 1.4 3.( 2.1 <.OG5 110 
21-cl .36 <.057 2.3 1.3 <.C63 23 
21-14 1.5 2.4 f.S 7.t <.10 200 
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f\ I 
.16 
l. j 

1.4 
• 33 
l .6 
2.1 
.5€ 
1.8 
l. 7 
.25 
1 .o 
2.C 
.. 17 
1.8 
4.c 
.37 
l. 1 
.t7 
.65 
.5~ 

L.S 
.<;0 

.• 32 
• 79 

.sc 
• 11 
• 21 
.42 
L.3 
1.0 
.{;9 
2 .o 
.34 
l. 9 
l.Y 
.9c::: 
2.4 
3.4 
1.8 
4.3 
S.4 

4.0 
3.5 
1.3 
2.7 
4 .. 2 
? .2 
.3. 7 
3.6 
5.<1 
<;;. c 
2.4 
2.6 
1.7 
E.C 
2.7 
l.t 
"1.1 

.lC <.C53 ?.3 ?.~ 

.37 <.C36 7.6 4.~ 

.64 <.036 8.2 3.9 

.t2 <.0~3 7.2 6.8 
t.O .11 11 12.8 
3.1 .31 1~ 18.8 
1.4 <.053 12 12.3 
1..3 .20 28 10.2 
2.1 <.C3~ 14 10.~ 
4.~ <.027 13 12.1 
.75 .Es 6.0 ~.o 

2.0 <.073 21 27.6 
.57 <.049 5.8 
7.t <.12 24 d.t 
2.8 4.8 30 16.5 
.25 <.088 6.5 1.~ 

1.~ <.CG7 14 ~.5 

.81 <.043 11 7.5 
1.6 .15 17 2.4 
.46 <.05b lb 5.2 
1.1 .08b 24 19.s 
1.2 < .. 018 ll 4.o 
.3C <.ClP ~.5 4.2 
.73 <.Clt ll 36.1 
.38 .14 .18 4.S 
.t5 <.03l 6.5 3.6 
1.£ <.031 8.4 7.7 
.13 <.021 j.2 3.b 
.55 <.026 5.b 3.2 
2.6 <.OL-5 21 29.3 
1.7 .~j 7.9 13.B 
1.1 <.14 4.4 10.0 
.:;.o <.24 
• 76 <. ll 
2.0 .22 
2.1 .2CJ 
2.0 .25 
2 .4· • 3 6 
3.5 .34 
3.1 <.12 
3.t .44 
5.9 .4t 
5.0 1.5 
4.6 • 3 7 
4.5 <.25 
2. 5 • 20 
2.1 .58 
1-~ <.17 
7.8 .19 
2.H <.26 
2.t1 <.28 
z. 5 .2 7 
1.4 <.22 
2.4 <.22 
?.c .31 
2.5 <.2C 
5.1 2.2 
5.u .47 
2.H .47 
:..5 1.9 

8.7 33.5 
~-5 
~. l 

16 
. 15 

12 

l j. "1 
1 3. 2 
2<7.7 
32.0 
73.0 

21 32.0 
18 51 .o 
21 57.6 
53 16 8 
30 ~4.5 

22 
24 
20 
12 
16 
25 

49.8 
47.0 
42.5 
4 -~ c.: .... ::; 

45.5 
14 44.0 
12 4 3. 5 
18 lf.2 
14 19.0 
13 20.1 
38 37.0 

7.5 lb.? 
44 63., 
36 23.0 

lJ.4 14.5 
59 273 



APPENDIX A, CONT'D., CRUISE 2 

ST-Uf> l\S Ct. CtJ 
l-U <.lC .Ct3 • 7 t, 
1 - t 't < • 0 ('t; • 2 t, 
;;'- l~ < • l (: <. l; j ~) /, " e I ,• 

2 - 1 :1 < • l ~~ • ~.: t. s 
:i-0 <.t9 l.L.. l .. j 

3-1.1 .37 .OS6 .£9 
lt-C <.tn .1~ 1.t 
't- 7. ~3 • j ~ 

:-c .:~c 

5-1 1 ... 2'7 
6-0 .Jl 
f.- l l r; • 0 
E- C <. i 1 
G-2l <.C94 
s-r <.te 
(~- ~~ 7 < • 0 t:? 

i 1""!'0 <.J<;(; 
ll-?4 .15 
12-0 < .o~-2 
12-?.5 .:.~; 

1 3- c <. c /'-t 
L:,-L3 .:~b 

14-C .31 
14-l.O l.i 
15-C .4Y 
l~-L2 ?.~~ 

1 6-~ c: .tJ (i 

lf.·-iC J.S 

• ct. l 1 • f.: 
.12 1.~ 

.C7C 1.4 

.tc 1.3 

.21:. .?.4 

.Ofl l.L 

.1<-: t.t 
1 •'"; 1 ... : 

•LL'. L•£. 

l.~.. t::_.c; 
•. ,... z .. o 
• Of l 1.~ 

.020 L:.j 

.it ,~ • .( 

.cIt ~.· .!.' 
• l t- 1 • (" 

.r.7:: ;..c 
• (.. i 11 } } 

.C')l J.? 
• 1 ~ 1 I 

17- (. .5? .Cf:~, 2 •. 3 
l 7 -] l 
lt-C 
1 ~:- 1 3 
l S-C: 
l <,-c 
zo-e 
?C,-13 
L l- C 
! 1-1. :) 

• 7 5 • (1 ~:, u ,::;, • ~· 
.1·3 .C2f~ ?.c 
• 1 /t • c p <' ::> • 1 
• l) {_; 1 • (; l [~ • £, t' 

.2.4 <-.C.3':: 
<.t7 .!C 

.11 .C2t. 
<.19 .UlS 

.Bf. <.044 

• s ~· 
1. 9 

;.c 

ff 
.04~<.c,t<2.o 

• (.l s I < • 0 I; 4 < 4 • 0 
• Ct: I< • 0 t 4 < 3. 3 
• 3:.> <. c (:. 7 '-) • 4 

• 1t:.~ < .0S) 9 .? 
.4t <.Cti3 i.lt 
.5C .lf. ll 
.02 .21 27 
. l '· • 2 lt < 4 • c 
-~~ .1.1 ll 
• 0 l' ( ( • 0 '1 j ( /i • l 

14 .41 167 
elLt <e('~')j<4.0 

• 1 'i ~ • u 4 5 < ~ • t, 
• l c < • 04 c < :3. (; 
.31 <.GjS' 2.1 
• 2 .:i 
• f ~-, 

• 2'·J 
1 • i 
• 12 

·--,I' 
• I •• 

1.4 

l. 7 

< • c '• ., 
<. 0 3 ~) 
<.('44 
<.C33 
< . • 0.) (­
<.037 
<. C3 /-t 

<.0:::>7 

·:·.f .. 

EJ'l 

3dG 
14() 

ll <.03-j 43U 
t_' • (. < ·• C Lt Z 1 ? l) 

lC <.C~! t')C 
l.j <.C:::4 llC 
Z.t. <.C4C tlC 
.7t. <.C3S 6C 
2.(: .13 lb~ 

• 3 6 < • (1 3 ~ ~ ') 
.i:b <.C35 4B 
.4fl < .• L4<J l~ 

?.t <.C3<, lcl 
• .:;:]. <.L5/ 2Lt 
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t\ I 
1. 3 
.47 
1 • c 
? ., 
~· • u 

i:'. c 
l. f 
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1 • L 
?.7 
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_! • i. 

i ·'• 
l • <; 
1 • 5 
?.C 
?.Ci 
l.':; 

l • l 
t ·'-' 
1 • b 
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? . - • /.'. 

ll 
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l 7 
t:- • t, 
4.4 
• ~; t. 

3. b 

.37 
1. 1 
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Le.J 
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• 'J C:. 
.it tJ 
i. B 
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Sl\ 
< .. lt 
< .1~ 
<. 2 I 
<. t2 l 

ll\ s u s r·· r r 
5. \;r J. h 

i. •. ~ 1~.7 
l. \) l • (} 
12 lt).( 

2.4 <.jC 26 lj.L 
.9b <.3C ~.~ ~~.B 

2.0 <.27 ib 15.0 
l. 1t < .2S 
1.1 <.30 
.t4 <.2i 
l.l <.'jl 

lc L,J.l 
2 0 1 i,j • 7 
l't 3.t.i. 
2.6 (;. 7 

3.4 <.b3 tu dJ.s 
2.1 <.1£.: il 6.c 
1.1 <.14 10 7.3 
1.7 <.15 11 'Jet; 
l.H <.lL 10 l2.t 
1.1 <.1~> (~,.cj 'i.t 
2 • 1 < e ~ l 1 l I l .) e 7 
l.f .z7 t.'t c).b 

2 • l ( • l 0 l f It l) • / 

} • l ( • 1 1 4 • j 1t e 3 
1.7 <.11 li 10.2 
z.t <.lt 11 3U.l 
t. • l • 4 I. 3 <) 7 C, • 6 
3.0 

15 
:,. b 

<.Ct:5 
.55 

<. ll 
b j 22 d. 6 

4j.2 
13 .3] 94 Jj't.] 

:; • l 
4.C 
2.i. 

<. G Ef:: 
<.iO 
<.t:~~ 

24 

3.8 .It'. 24 
1.0 <.077 3.9 
1.9 "·C7t..- 6.Si 
3.5 <.11 
3.0 .32 
l.<i <.12 

4.1 
16 

6.5 
15 

')J.6 
tf!..~ 

2 1. ~ 
'j s. 4 
14.7 
2 7. 4 
1(. 4 
52.7 
lJ.7 
~ l • t. 



APPENDIX B 

Metal concentrations in suspended sediment in ~g/g dry weight, 
except for Fe in °/o and Mn, Zn in mg/g. 

ST-DP = Station-depth (in meters) 
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S 1-flP 
2-( < 
1.-ll ' 
2-13 < 
3-C < 
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APPENDIX B, CONTI D.' CRUISE 2 

ST-DP AS cc cu ff t-'f; MN Nf Pb sf\ l.f\ 
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4-C < 12 8.7 ll 0 3. 3 1 1 0.73 140 13 O< 1 8 l.S 
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1 <;- {. 8.8< l.. 3 4( 3.2< l. 3 l.S 4C 6<)( 2.8 0.2:> 
20-0 < 10 l.B 32 2.8< 3.0 O.Cjl 45 .210< (:;.7 0.2S 
LO-ll 15 c;.49 3l~ ~'. 3< C.74 3. l 44 57 6 .• l 0.30 
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APPENDIX C 

Metal concentrations in fluid mud in 11g/g dry weight, except 
for Fe in °/o and ~n, Zn in mg/g. 
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APPENDIX C, CONT'D., CRUISE 1 

S T ~ T I()~~ AS CD CLJ FE HG ~N NI PB St\ lf\J 
'") l. 6 <.C65 1.7 .4~) <.05 .054 4.2 4.0 .40 .o 13 ,_ 

3 4.2 • 42 3.7 1.4 <.05 .25 12 7.6 • 35 • C52 
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H 't • ., l ,, . .;; 17 2.2 ·< .05 2C . ") 1t 41 1.5 .10 
9 4.S .so 72 2.4 <.05 sc • j 1 5 28 1.5 .12 

lC 5. '• .55 24 2.5 <.05 .60 2 1 36 1.7 .12 
11 f.-, .48 30 3.0 <.05 • 77 23 3i;. l. 6 • 16 
12 f:..4 .3"7 3b 2.8 <.0 5 1.2 l ~~ 46 l.G .18 
l ~~ 1 l .41 36 3.B <.05 3 .l 5() 79 1.~ .27 
1" :; • (j .Sf 37 .. , 

I < .t~5 L.t 't 3 77 .sc • 26 ..::. 
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1£· 4 .tt .46 2C: 2.2 <.05 £.. l 33 46 1. l .71 
17 2.8 .67 33 i..3 <.C5 l. c 42 43 1.3 .23 
18 5.2 .2 7 3C 2.4 < .t; 5 1.8 34 34 .SB .lB 
1 (; 2.4 .• 31 33 2.3 < .. 05 1. 6 58 63 .76 .22 
2C E. 0 .s4 4~ 't. 5 <.C5 3.8 43 86 2.5 .3d 
21 5.3 .35 AC 4.6 < .o 5 2 .o 5.::> 13 () 3. 1 •. 30 

CRUISE 2 

STATICN AS cc cu f t fG MN NI PB SN ZN 
1 2. 0 <.C74 • <,C • 72 <. 052 • ll 3 .6 7.4 <. 12 .o lo 
2 1. 8 <. 071 • f -, • 50 <.050 .C5H ·- -.~ 

£. -· 1:.9 <.11 .016 
3 J.J .04 3.0 1.2 <. ((, 0 .2t: 10 '-j .2 .47 .051 
4 3.4 <.071 4.F 1 "..t . ..., .17 • l 7 e.4 12 .2 3 .OhO 
5 2.3 <.07.5 l • <;, 1. c <.C74 • l ~ 7.4 B.C l. 1 • 031 
6 4.t <.C<JC 6.f l. t' <.052 .26 16 12 .24 .050 
8 5.6 .31 l {, 2.9 <.044 .3 2 32 36 .31 .12 
s t.f • 39 17 2.S <.0~1 .49 ~; :;t 

...)...> 28 .41 .13 
ll 5.4 l. l 2 1 3.7 ( .c 78 .90 40 52 .64 .20 
12 6. :) . 34 ~1 3.7 <.07J l.B 3(: 67 .56 .22 
13 6.2. 2? . -" ~= 1 3. s <.C6C 2.<; 61. 61 2.1 .25 
14 c. l • 3 l =~ l '1. '3 <..C74 3.6 63 99 .27 .21 
15 6.1 • 2 7 :' .-) '1. l < .C7't 3.f tl 63 .53 .27 - £._ 

16 5.<; 3 ") • £ j4 3. t\ <.074 3.0 tl 62 .17 .2~ 

l 7 6.C • 22 2f 3 .. 2 <.018 2..4 50 72 • 18 ~20 
l t 5.3 .28 ~b 

? ., 
...J•t: <.077 2.0 51 49 .18 .22 

lG 4.6 .cso 27 Z.b < .o 5£ 1.2 bC 30 .42 .22 
20 4.d cc . ._, 33 2.( <.030 1.5 ~2 41 1.7 • 13 
21 7.8 • 2 l ''3 5.4 <.C73 1.4 50 340 1. 7 .43 
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APPENDIX D 

Hydrographic data and metals concentrations in suspended 
sediments and bed sediments, cruises 1 and 2. 
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APPENDIX D 

Explanation of Index. 

STATIONS: Numbered 1-24 in order of collection from Lower Bay to Upper Bay 

DEPTH Number Of depths sampled per station 

TIME Number of time values recorded per station 

TEMP 

SALIN 

D.O. 

SUSMAT 

PH 

CHL A 

ORGANICS 

%0RG 

%INOR 

MG/L 

PARTICLE 

MEAN 

MEDIAN 

SORT 

CURRENT 

SPEED 

DIR 

METALS 

SIZE 

Number of temperature values recorded per station 

Number of salinity values recorded per station 

Number of dissolved oxygen values recorded per station 

Number of suspended solids values recorded per station 

Number of pH values recorded per station 

Number of Chlorophyll A values recorded per station 

Number of percent organic of suspended solids values recorded per station 

Number of percent inorganic of suspended solids values recorded per station 

Number of milligram per liter organic values recorded per station 

Number of mean particle size values recorded per station 

Number of median particle size values recorded per station 

Number of sorting values recorded per station 

Number of current speed values recorded per station 

Number of current direction values recorded per station 

Number of metal values recorded per station according to chemical symbol and unit of measure listed 



I 
-....! 
U1 
I 

APPENDIX D, cont'd. 

STAT IONS: 
1 

DEPTHS 0 

TIME 0 
TEMP 0 
SALIN 0 
D.D 0 
SUSMAT 0 
PH 0 
CHL A 0 

ORGANICS 
%0RG 0 
%INOR 0 
MG/l 0 

PART. SIZE 
MEAN 0 
MEDIAN 0 
SORT 0 

CURPENT 
SPEED 
DIR 

METALS 
AS-UG/L 
AS-UG/G 
CO-UG/l 
CD-UG/G 
CU-UG/l 
CU-UG/G 
FE-MG/L 
FE-% 
HG-UG/L 
HG-UG/G 
MN-UG/l 
MN-MG/G 
NI-UG/L 
NI-UG/G 
PB-UG/L 
PB-UG/G 
SN-UG/L 
SN-UG/G 
ZN-UG/L 
ZN-MG/G 

TOTAL 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

2 

4 

0 
4 
0 
0 
4 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

68 

3 

4 

0 
4 
4 
4 
4 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

76 

4 

5 

0 
5 
5 
5 
5 
0 
0 

0 
(.) 

0 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

60 

5 

5 

4 
4 
5 
4 
5 
0 
0 

4 
4 
4 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

90 

6 

4 

4 
4 
4 
4 
3 
0 
0 

3 
3 
3 

0 
0 
0 

0 
0 

3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 

74 

7 

5 

0 
4 
5 
4 
5 
0 
0 

1 
1 
1 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
j 

3 
3 
3 

81 

8 

5 

0 
4 
5 
4 
5 
0 
0 

5 
5 
5 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

93 

6 

0 
4 
5 
4 
6 
0 
0 

4 
4 
4 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

91 

CRUISE lt 349A 

10 

5 

0 
3 
5 
3 
5 
0 
0 

4 
4 
4 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

88 

ll 

5 

0 
5 
5 
5 
5 
0 
0 

4 
4 
4 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

92 

12 

5 

0 
4 
5 
5 
5 
0 
0 

5 
5 
5 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

94 

13 

5 

0 
5 
5 
5 
5 
0 
0 

5 
5 
5 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

95 

14 

5 

0 
5 
5 
5 
5 
0 
0 

5 
5 
5 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

15 

5 

0 
4 
4 
4 
5 
0 
0 

4 
4 
4 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

b9 

16 

5 

0 
5 
5 
5 
5 
0 
0 

3 
3 
3 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
.3 
3 
3 
3 
3 
3 
3 

89 

17 

5 

0 
5 
5 
5 
5 
0 
0 

4 
4 .. 
0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1& 

5 

0 
5 
5 
5 
5 
I) 

0 

5 
5 
5 

0 
0 
0 

J 
0 

3 
3 
3 
3 
3 
J 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

95 

19 

3 

0 
3 
3 
3 
3 
0 
0 

3 
3 
3 

0 
0 
0 

20 

5 

0 
5 
5 
5 
5 
J 
0 

0 
0 
0 

0 
0 
0 

Q_ 0 
0 0 

3 
.;> 

3 
3 
3 
3 
3 
3 
~ 

.3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
j 

3 
3 

81 8J 

2i 

5 

0 
5 
5 
5 
5 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

tO 

22 

0 

0 
0 
0 
0 
0 
J 
0 

0 
I) 

0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
J 
0 
0 
0 
c 
G 
) 

0 
0 
v 
0 
0 
0 
I) 

;) 

23 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 

0 
0 

0 

24 TOTAL 

0 

0 
0 
0 
0 
0 
0 
u 

0 
0 
J 

0 
0 
0 

0 
(J 

0 
0 
0 
0 
0 
J 
() 

() 

0 
0 
0 
0 
l) 

J 
u 
J 
D 
i) 

0 
J 

9o 

8 
d7 
90 
84 
95 

0 
0 

59 
59 
59 

0 
i) 

0 

0 
0 

60 
5<:~ 

60 
59 
oo 
5Y 
-:>0 
j'-; 

6J 
59 
cJ 
59 
oO 
j'i 

1.-:>0 

5'-:. 
c() 

?1 

60 
j<.j 

0 l U3 
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APPENDIX D, cont'd. 

Explanation of hydrographic and chemical data for suspended and bed sediments. 

UPPER PAGE TITLES 

DA/MO/YR 

RV 

First Line - Basic station identification and location 

Day, Month, Year 

STATN 

TIME 

LAT 

LONG 

T 

CRUSE 

vs 
WDPT 

DV 

River Code (CL, Lower Chesapeake Bay; CU, Upper Chesapeake Bay; SQ, Susquehanna River) 

Station Identification (cruise number - station number) 

Time in Hours and Tenths 

Latitude of station location in Degrees, Minutes and Tenths, all are North 

Longitude of station location in Degrees, Minutes and Tenths, all are West 

State of Tide, 8 = Low Slack Water 

Not applicable 

Vessel Designation; TN = Tern, PA Pathfinder, JA 

Water Depth, nearest whole meter 

Secchi Depth Visibility - not used 

Judith Ann, AQ Aquarius 

~econd Line - Parameter description and unit of measure 

DEPTH, 

TIME 

M Depth at which sample was taken in Meters and Tenths 

Time at which sample was taken in Minutes and Tenths 

TEMP, C-DEG 

SALIN, PPT 

D.O., MG/L 

SUSMAT, MG/L 

SEDDEN, G/CC 

%H20 

PH 

CHL A 

ORGANICS 

%0RG 
%INOR 
MG/L 

PARTICLE SIZE 

MEAN 
MEDIAN 
SORT 

Other 

BEDS ED 

Temperature at sample depth in Degrees Centrigrade 

Salinity at sample depth in Parts per Thousand 

Dissolved Oxygen in Milligrams per Liter 

Suspended Sediment in Milligrams per Liter 

Sediment Density of top 2 centimeters of bottom core in Grams per Cubic Centimeters 

Water content of sediment sample in % of dry sediment weight 

Acidity/Alkalinity at sample depth in pH units 

Chlorophyll A in micrograms per liter 

Percent of suspended sediment weight that is particulate organic 
Percent of suspended sediment weight that is inorganic 
Weight of organic fraction of suspended sediment in Milligrams per Liter 

Mean size of suspended sediment particles in microns 
Median size of suspended sediment particles in microns 
Sorting calculation of suspended sediment particles in microns 

Sediment sample taken as the top 2 centimeters of core sample (fluid mud) 



First Line 

DA/MO/YR 

RV 

STATN 

TIME 

LAT 

LONG 

T 

CRUSE 

vs 
WDPT 

DV 

Second Line 

DEPTH, M 

AS-UG/L UG/G 

CD-UG/L UG/G 
I CU-UG/L UG/G 

-...J 
-...J 

FE-MG/L % I 

HG-UG/L UG/G 

MN-UG/L UG/G 

NI-UG/L UG/G 

PB-UG/L UG/G 

SN-UG/L UG/G 

ZN-UG/L MG/G 

Other 

BEDS ED 

APPENDIX D, cont'd. 

Explanation of metal data for suspended and bed sediments. 

LOWER PAGE TITLES 

Day, Month, Year 

River Code (CL, Lower Chesapeake Bay; CU, Upper Chesapeake Bay; SQ, Susquehanna River) 

Station Identification (cruise number - station number) 

Time in Hours and Tenths 

Latitude of station location in Degrees, Minutes and Tenths, all are North 

Longitude of station location in Degrees, Minutes and Tenths, all are West 

State of Tide, 8 = Low Slack Water 

Not applicable 

Vessel Designation; TN = Tern, PA 

Water Depth, nearest whole meter 

Secchi Depth Visibility - not used 

Pathfinder, JA 

Depth at which sample was taken in Meters and Tenths 

Judith Ann, AQ Aquarius 

Arsenic concentration, Micrograms per Literf Micrograms per Gram dry solids 

Cadmium concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Copper concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Iron concentration, Milligrams per Liter, Percent of dry solids 

Mercury concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Manganese concentration, Micrograms per Liter, Milligrams per Gram dry solids 

Nickel concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Lead concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Tin concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Zinc concentration, Micrograms per Liter, Milligrams per Gram dry solids 

Sediment sample taken from top 2 centimeters of core sample (fluid mud) units are as explained above 
for metals 
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APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CkUSE VS WDPT DV 
DG-MIN DG-MIN 

09/04/79 CL 1-02 14.1 37- 1.4 76- 3.6 B OG349 PA 14 

DEPTH 
M 

TIME* TEMP = SALIN * D.O. * SUSMAT*SEO DEN* %H20 * 
* C-OEG * PPT * MG/l * MG/l * G/CC * * 

o.o 10.5 5.9 

10.7 8.8 4.9 

12.7 8.3 4.8 

13.4 8.3 3.9 

BEDS ED 

99/04/79 CL 1-03 13.0 36-56.7 76-10.6 8 OG349 PA 7 

o.o 8.5 24.87 11.4 6.8 

4.0 7.5 26.64 11.2 8.5 

6.0 6.9 28.15 u.o 12.8 

6.7 7.0 2 8.45 11.1 18.6 

BEDS ED 

09/04/79 Cl 1-04 u.s 36-57.5 76-20.5 8 OG349 PA 13 

o.o 11.5 12.96 9.7 12.3 

6.0 11.6 13.40 9.7 10.2 

10.8 11.0 22.10 10.0 u. 7 

11.8 10.2 24.35 10. 1 12.0 

12.5 8.9 23.88 10.2 10.5 

BEDS ED 

PH ~ :HL A * ORGANICS * PARTICLE SllE 
* * %JRG * ~INDR * M~/L * MEAN ¥MEDIAN * SORT ~ 
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APPENDIX D, cont'd. 

DA/MO/YR RV STAIN TIME LAT lONG T CRUSE vs "OPT ov 
OG-MIN DG-MIN 

09/04/79 Cl 1-02 14.1 37- 1.4 76- 3.6 8 OG349 PA 14 

DEPTH * AS-UG/l * CD-UG/l • cu-uG/L * FE-MG/l * HG-UG/l * MN-UG/l * NI-UG/l * PB-UG/l * SN-UG/l * ZN-UG/l * 
M UG/G UG/G UG/G ~ 

o.o <.025 
< 4.2 

10.7 <.024 
< 4.9 

13.4 <.024 
< 6.2 

BEDS EO 

09/04/79 

o.o 

6.0 

6.7 

BEDS EO 

09/04/79 

o.o 

6.0 

12.5 

1.6 

Cl 

<.025 
< 3.7 

.097 
7.6 

.19 
10 

4.2 

Cl 

<.025 
< 2.0 

<.024 
< 2.4 

.15 
14 

.020 
3.4 

<.071 
< 14 

.036 
9.2 

UG/G <.065 

1-03 13.0 

LJG/G 

1-04 

<.040 
< 5.9 

<.on 
< 5.5 

<.071 
< 3.8 

.42 

u.s 

.030 
2.4 

.036 
3.5 

.095 
9.0 

• 15 
25 

.26 
53 

.48 
120 

UG/G 1.1 

36-56.7 

.49 
72 

.12 
56 

6.2 
330 

UG/G 3.7 

36-57.5 

.60 
49 

1. 1 
110 

1.4 
130 

.1 0 
1 .7 

.056 
1.1 

.052 
1.3 

UG/G .45 

76-10.6 8 

.11 
1.6 

.18 
1.4 

.59 
3.1 

UG/G 1.4 

76-20.5 8 

.43 
3.5 

.36 
3.5 

.34 
3.2 

~ 

OG349 

~ 

OG349 

BEDSEO 4.0 UG/G .068 UG/G 9.5 UG/G 1.6 ' 

UG/G 

<.046 
< 7.8 

<.041 
< 8.4 

<.041 
< 11 

<.05 

PA 

<.046 
< 6.8 

<.062 
< 4.8 

<.041 
< 2.2 

<.05 

PA 

<.046 
< 3.7 

<.041 
< 4.0 

<.041 
< 3.9 

UG/G 

1 

UG/G 

13 

MG/G 

it.5 
0.76 

<3.6 
<0.73 

<3.6 
<0.92 

• 054 

5.1 
0.15 

<3.6 
<0.28 

18 
0.96 

.25 

12 
0.98 

18 
1.8 

14 
1.3 

MG/G 

MG/G 

UG/G 

.16 
21 

1.3 
210 

1. ft. 
360 

4.2 

.33 
49 

1.6 
130 

2. 1 
110 

12 

• 58 
47 

1.8 
180 

1.7 
1b0 

UG/G 

UG/G 

UG/G 

.10 
17 

.37 
76 

.t,4 
160 

4.0 

• 82 
120 

1.0 
78 

3.1 
160 

1.b 

1. 4 
110 

1.3 
130 

2. 1 
200 

UG/G 

UG/G 

UG/G 

<.053 
< 9.0 

<.036 
< 7.3 

<.036 
< 9.2 

.40 

<.053 
< 7.8 

.u 
8.6 

.31 
16 

.35 

<.053 
< 4.3 

.20 
20 

<.036 
< 3.4 

UG/G 

UG/G 

MG/G 

5.3 
0.90 

7.6 
1.6 

B.2 
2.1 

.013 

1.2 
1.1 

11 
0.86 

18 
0.96 

• 052 

12 
0.98 

28 
i-.1 

14 
1.3 

MG/G 

'4G/G 

<.05 UG/G .22 MG/G 12 UG/G 11 UG/G .67 UG/G .067 MG/G 



APPENDIX D, cont'd. 

OA/MO/YR K.V STA TN TIME LAT LONG T CRUSE vs WDPT DV 
DG-MIN DG-M IN 

27/03/79 CL 1-05 6.7 37-15.8 76- 1.0 8 OG349 TN 14 

DEPTH Tl ME * TEMP * SALIN * D.O. * SUSMAT*SED DEN* %H20 * PH * CHL A * ORGANICS "' PARTICLE SIZE * M * * C-OEG "' PPT "' Mull * MG/L * G/CC "' * * * :t;ORG • :t;INOR * MG/l * MEAN •MEDIAN * so~ r • 
o.o 7.7 6.5 17.07 10.0 12 .1 2 7. 5 72.5 3.0 

8.0 7.7 6.3 17.84 9.9 5.0 52.0 48.0 2.6 

ll. 0 7.6 6. 1 19.35 9.8 26.4 26.5 7 3.5 7. 0 

13.0 7.5 1~.1'1 24.5 2o.6 73.4 5.8 

13.7 6.2 19.72 10.0 27.6 

BEDS EO 1. 77 44.8 

I 27/03/79 CL 1-06 13.7 37-3 o. 7 76- 8.9 8 OG349 TN 11 
00 
0 
I o.o 14.3 7.0 12.65 11.1 

8.3 14.3 S.b 16.01 10.6 8.6 23.9 76.1 2.1 

10.5 14.2 5.6 16.17 10.6 15.9 19.9 80.1 3.2 

11.2 14.2 5.7 16.19 10.9 16.5 22.0 1 a.a 3.6 

BEDS ED 1. 62 64.4 

27/03/79 CL 1-07 19.4 37-43.7 76- 9.9 8 OG3't9 TN 16 

o.o 6. 0 1 o. 85 u. 7 1.9 

8.0 5.5 11.16 10.8 5.5 

12.7 14.98 4.7 

14.7 s.o 15.38 10.5 10.7 

15.4 5.0 16.20 10.8 7.5 30.4 69.6 z.a 

BEDS ED 1. 98 27.2 
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APPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WOPT ov 
OG-HIN DG-MIN 

27/03/79 CL 1-05 6.7 37-15.8 76- 1.0 8 OG349 TN 14 

DEPTH "' AS-UG/L * CO-UG/l * ClJ-UG/L * FE-MG/L * HG-UG/l * MN-UG/L * NI-UG/l * PB-UG/l • SN-UG/l * lN-UG/L "' 
M UG/G 

o.o <.013 
< 1.1 

a.o .039 
7.8 

13.7 .32 
12 

BEDSEO 2.9 UG/G 

27/03/79 Cl 1-06 

o.o 

8.3 

11.2 

BEDS ED 

27/03/79 

o.o 

8.0 

15.4 

<.023 

.18 
21 

.44 
27 

4.3 

Cl 

<.042 
< 22 

.063 
11 

<.032 
< 4.3 

UG/G 

1-07 

UG/G UG/G ~ 

.15 1.2 
12 99 

.07 .so 
1.4 100 

.10 1.8 
3.6 65 

.068 UG/G 3.3 

13.7 37-30.7 

<.037 • 13 

• 40 • 93 
47 110 

.74 2.5 
45 150 

.029 UG/G 4.9 

19.4 

<.067 
< 35 

.11 
20 

.030 
4.0 

37-43.7 

.14 
74 

.65 
120 

.31 
41 

.22 
1.8 

.12 
2.4 

.85 
3.1 

UG/G 1. 1 

76- 8.9 8 

.081 

.57 
6.6 

1.4 
a. 5 

UG/G 1.5 

76- 9.9 8 

• 11 
5.8 

.082 
1.5 

• 20 
2.1 

' 
OG349 

' 
OG349 

BEDS EO 3.5 UG/G .075 UG/G 2.8 UG/G 1.6 

UG/G 

<.024 
< 2.0 

<.021 
< 4.2 

<.059 
< 2.1 

<.05 

TN 

<.044 

<.10 
< 12 

<.069 
< 4.2 

<.OS 

TN 

<.080 
< 42 

<.070 
< 13 

<.035 
< 4.7 

UG/G 

11 

UG/G 

16 

MG/G 

5.5 
0.45 

6.0 
1.2 

18 
0.65 

.11 

5.4 

24 
2.8 

31 
1.9 

.24 

2.7 
1.4 

<3.7 
<O.b1 

<1.8 
<0.24 

MG/G 

MG/G 

UG/G 

.25 
21 

l. 0 
200 

2.0 
72 

9.1 

.11 

1.8 
210 

4.6 
280 

13 

.37 
190 

1.1 
200 

.67 
89 

UG/G 

UG/G 

UG/G 

4.5 
310 

.15 
150 

2.0 
72 

5.2 

.57 

2.6 
300 

2.8 
170 

7.8 

.25 
130 

1.5 
270 

.81 
110 

UG/G 

UG/G 

UG/G 

<.021 
< 2.2 

.8 5 
170 

<.073 
< 2.6 

.22 

<.049 

<.12 
< 1ft 

4.8 
290 

.63 

<.088 
< 46 

<.087 
< 16 

<.043 
< 5.7 

UG/G 

UG/G 

MG/G 

13 
1.1 

6.0 
1.2 

21 
o. 76 

• 029 

5.8 

24 
2.8 

30 
1.8 

.046 

8.5 
4.5 

14 
2.5 

11 
1.5 

HG/G 

HG/G 

<.05 UG/G .12 MG/G &.1 UG/G 3.6 UG/G .24 UG/G .035 MG/G 



APPENDIX D, cont'd. 

DA/MO/Y R RV STATN TIME LAT LONG T CRUSE vs WDPT DV 
DG-MIN DG-MIN 

28/03/79 CL 1-08 10.4 38- 4.0 7t>-12.8 8 OG349 TN 21 

DEPTH * TIME * TEMP * SALIN * o.o. "' SUSMAT*SED DEN* %H20 * PH llj< CHL A * ORGANICS * P~RTI::LE SIZE * M * * C-OEG * PPT * MG/L * MG/L "' G/CC * * * * ~ORG * %!NOR * MG/L * MEAN *MEDIAN • sma lC< 

o.o 8.5 10.04 10.6 2.4 30.3 69.7 2.2 

7.3 3.9 10.19 11.1 5.2 38.5 t>l.5 2.3 

18. 5 15.28 8.0 25.b 74.4 1.2 

19.9 4.3 15.63 9.8 1o.o 14.6 B5.4 3.3 

20.6 3. 8 16.33 9.6 19.9 36.6 63.4 1.3 

BEDS ED l. 20 278.4 

I 28/03/79 cu 1-09 14.8 38-21.2 76-20.3 8 OG349 TN 13 
co 
1\J o.o 6.9 7.45 9.8 4.8 14.6 85.4 0.1 I 

8.0 5.8 8.37 9.8 4.2 24.0 76.0 1.0 

10.2 8.6 13.0 87.0 1.1 

11.9 2.3 15.03 8.8 8.6 

12.2 14.66 28.9 16.7 83.3 4.8 

12.9 2.3 14.96 8.8 36.1 

BED SED 1.11 518.3 
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APPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WOPT DV 
OG-MIN DG-fHN 

28/03/79 Cl l-08 10.4 38- 4.0 76-12.8 6 OG349 TN 21 

DEPTH * AS-UG/L * CO-UG/l * Cu-UG/L * FE-MG/l * HG-UG/l * MN-UG/l * NI-UG/ L * PS-UG/L * SN-UG/L * Z~-UG/L * M 

o. 0 

7.3 

20.6 

BEOSEO 

28/03/79 

o. 0 

8.o 

12.9 

UG/G 

<.032 
< 13 

<.039 
< 7.5 

.21 
11 

4.7 

cu 

<.012 
< 2.5 

<.012 
< 2.9 

.16 
4.4 

UG/G 

1-09 

UG/G UG/G ;; 

• 016 .69 .075 
6.7 290 3.1 

<. Ol-9 .68 .13 
< 3.7 130 2.5 

.015 1.2 1.1 
0.75 60 5.5 

1.3 UG/G 17 UG/G 2.2 

14.8 38-21.2 76-20.3 8 

.012 
2.5 

<.006 
< 1.1t 

<.009 
<0.24 

.55 
110 

.22 
52 

.12 
20 

.12 
2.5 

.oa 
1.9 

.64 
1.8 

BEDSED 4.9 UG/G .50 UG/G 22 UG/G 2 .4 

l 

OG349 

UG/G 

<.055 
< 23 

<.066 
< 13 

<.050 
< 2.5 

<.05 

TN 

<.021 
< 4.4 

<.021 
< 5.0 

<.029 
<0.80 

UG/G 

13 

MG/G 

<2 .. 5 
< 1.0 

<3.1 
<0.60 

54 
2.7 

.29 

<.95 
<0.20 

4.4 
1.0 

39 
l. l 

MG/G 

UG/G 

.65 
270 

• 55 
110 

1.5 
75 

16 

.90 
190 

.32 
76 

.79 
22 

UG/G 

UG/G 

1.6 
670 

.ft6 
88 

1.1 
55 

41 

1.2 
250 

.30 
71 

.73 
20 

UG/G 

UG/G 

.15 
63 

<.058 
< 11 

.088 
4.4 

1.5 

<.018 
< 3.8 

<.018 
< 4.3 

<.026 
<O. 72 

UG/G 

MG/G 

l7 
7.1 

1b 
3.1 

24 
1.2 

.10 

11 
2.3 

5.5 
1.3 

11 
0.30 

MG/G 

<.05 UG/G • 59 MG/G 15 UG/G 28 UG/G 1.5 UG/G .12 MG/G 



APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WOPT ov 
DG-MIN DG-MIN 

31/03/79 cu 1-10 15 .o 38-37.9 76-25.3 8 OG349 TN 23 

DEPTH * TIME ~ TEMP * SALIN * o.o. • SUSMAT*Sf: D DEN* 1:H20 * PH * CHL A • ORGANICS * PARTICLE SIZE * 
M ~ C-DEG * PPT * MG/l * MG/L • G/CC * * * * 1:0RG * JUNOK. * MG/L * MEAN •MEDIAN * SORT * 

o. 0 8.7 6.19 12.9 4.9 

8.0 5.5 7.43 10.6 3.6 72.0 28.0 2.6 

20.0 14.49 4.0 35.7 64.3 1.4 

22.0 3.2 14.58 9.8 7.6 62.3 37.7 4.7 

2.2.7 14.57 1.7 73.<J 26.1 5.7 

BEDS ED 1.18 321.6 

I 
31/03/79 cu 1-ll 17.7 38-48.3 76-25.3 8 OG349 TN 19 

00 

""' o.o 7.3 5.69 12.7 3.6 I 

8.0 6.6 7.10 10.8 ~.2 48.3 51.7 1.5 

16.4 1.8 13.06 ts.8 13.2 16.4 83.6 2.2 

18.4 1.9 13.87 8.5 17.6 13.9 86.1 2.4 

19.2 1.8 13.93 8.7 29.3 22.7 7 7.3 6.o 

BEDSEO 1.12 473.7 
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APPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME LAT LONG T CRUSE VS WDPT DV 
DG-MIN OG-HIN 

31/03/79 cu 1-10 15.0 38-37.9 76-25.3 8 OG349 TN 23 

DEPTH * AS-UG/l * co-uG/L * Cu-UG/l * FE-MG/L * HG-UG/l * HN-UG/l * NI-UG/l • PB-UG/l * SN-UG/l * ZN-UG/l ... 
M 

o.o 

8.0 

22.7 

BEOSEO 

31/03/79 

o.o 

a.o 

19.2 

BEDS EO 

UG/G UG/G UG/G ' 
<.017 
< 3.5 

<.023 
< 6.4 

.077 
10 

5.4 

cu 

<.016 
< 4.4 

<. 019 
< 5.9 

.18 
6.1 

UG/G 

1-11 

.0048 
0.97 

.0083 
2.3 

.017 
2.2 

.55 

17.7 

.0042 
1.2 

.14 
44 

.25 
a. 5 

.35 
71 

.26 
12 

.51 
66 

UG/G 24 

38-48.3 

.23 
64 

.22 
69 

1.6 
55 

6.7 UG/G .48 UG/G 30 

.084 
1.7 

.060 
1.7 

.38 
4.9 

UG/G 2.5 

76-25.3 8 

.060 
1.7 

.085 
2.1 

.75 
2.6 

~ 

CG349 

UG/G 3.0 ~ 

UG/G 

<.023 
< 4.7 

<.025 
< 6.9 

<.025 
< 3.2 

<.05 

TN 

<.023 
< 6.4 

<.021 
< 6.6 

<.069 
< 2.4 

UG/G 

19 

HG/G 

4.2 
0.86 

3.6 
1.0 

17 
2.2 

.60 

1.5 
0.42 

<1.1 
<0.34 

25 
0.85 

MG/G 

UG/G 

.078 
16 

.so 
140 

.n 
100 

21 

.21 
58 

.42 
130 

2.3 
18 

UG/G 

UG/G 

.38 
78 

.65 
180 

1.2 
160 

36 

.13 
36 

• 55 
170 

2.6 
89 

UG/G 

UG/G 

.14 
29 

<.031 
< 8.6 

<.031 
< 4.0 

1. 7 

<.027 
< 7 .. 5 

<.026 
< 8.1 

<.085 
< 2.9 

UG/G 

MG/G 

• 78 
0.16 

6.5 
1.8 

8.4 
1.1 

.12 

3.2 
0:89 

5.8 
1.8 

21 
0.72 

'4G/G 

<.05 UG/G .77 MG/G 23 UG/G 34 UG/G 1.6 UG/G .16 MG/G 



APPENDIX D, cont'd. 

DA/MO/YR RV STATN Tl ME LAT LONG T CRUSE vs WDPT DV 
DG-M IN DG-MIN 

01/04/79 cu 1-12 4.5 38-5 8. 5 76-22.8 8 GG349 TN 18 

DEPTH * TIME >~< TEMP ~ SALIN "' o.a. * SUSMAT•SEO DEN* %H20 * PH * CHL A * ORGANICS * PARTICLE SIZE * M * * C-DEG * PPT MG/L * MG/L * G/CC * * * • %0RG * %1NOR * MG/l * MEAN *MEDIA\! * SO~T * 
o.o 8.9 2.06 10.2 13.8 41.8 58.2 5.8 

8.0 5.18 9.3 10.0 45.0 55.0 4.5 

15.4 3.0 10.84 8.6 16.2 52.3 47.7 a.s 

17.4 3.0 11.19 ~.6 17.8 23.9 76.1 4.2 

18.1 2.9 11.48 8.4 33.5 22.3 71.7 7.5 

BE OSED l. 27 194.7 

I 
00 
CT\ 01/04/79 cu 1-13 7.0 39- 3.0 76-20.7 8 OG349 TN 13 I 

o.o 10.2 1.67 8.6 13.7 U.b 88.4 1.6 

6.0 7.0 4.07 9.2 13.2 27.0 73.0 3.6 

9.7 5.1 7.41 8.9 20.2 23.0 11.0 4.6 

11.7 4.2 8.90 8.6 29.7 8.0 92.0 2.3 

12.4 4.2 9.08 8.3 30.3 16.0 84.0 4.8 

BEDS ED 1.17 335.6 



APPENDIX D, cont'd. 

DAi MO/Y R RV STATN TIME lAT LUNG T CRUSE YS WDPT OY 
DG-M IN DG-MIN 

01/04/79 cu l-12 4.5 38-58.5 76-22.8 8 CG349 TN 18 

DEPTH * AS-UG/l * CD-UG/l * Cu-UG/L * FE-MG/l * HG-UG/l * HN-UG/l ,. NI-UG/l * PB-UG/l * SN-UG/l * ZN-JG/L * M UG/G UG/G UG/G % UG/G MG/G UG/G UG/G UG/G MG/G 

o.o <.059 1.1 • 83 • 92 <.060 28 1.0 1. 7 .63 7.9 
< 4.3 80 60 6.7 < 4.3 2.0 12 120 46 0.57 

a.o <.059 <.012 .78 .so <.061 25 .69 1.1 <.14 4.4 
< 5;,9 < 1.2 18 5.0 < 6.1 2.5 69 110 < 14 0.44 

18.1 .28 .087 1.6 1.8 .33 61 2.0 3.0 <.24 8.7 
8.4 2.6 48 5.4 9.9 1.8 60 90 < 1.2 0.26 

BEDS ED 6.4 UG/G .37 UG/G 38 UG/G 2.8 % <.05 UG/G 1.2 MG/G 19 UG/G 46 UG/G 1.0 UG/G .18 MG/G 

01/04/79 cu 1-13 7.0 39- 3.0 76-20.7 8 OG349 TN 13 

o.o <.030 .0043 .52 .51 <.041 16 .34 • 76 <.11 2.5 
< 2.2 0.31 38 3.7 < 3.0 1. 2 25 55 < a.o 0.18 

I 
00 6.0 .13 .085 • 83 .75 <.038 28 1.9 2.0 .22 9.1 -....] 

I 9.8 6.4 63 5.1 < 2.9 2.1 140 150 17 0.69 

11.7 .43 1. 8 .94 1. 8 <.062 65 1.9 2.1 .29 16 
14 61 32 6.1 < 2.1 2.2 64 71 9.8 0.54 

BED SED 11 UG/G .41 UG/G 36 UG/G 3.8 % <.05 UG/G 3.1 MG/G 58 UG/G 79 UG/G 1. 5 UG/G .27 MG/G 



APPENDIX D, cont'd. 

JA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WOPT ov 
DG-MIN OG-MIN 

01/04/79 cu l-14 18.8 39- 9.8 76-18.2 8 OG349 TN 12 

DEPTH * Tl ME ~ TEMP * SALIN * o.o. * SUSMAT*SED DEN* ~H20 * PH • CHL A * JRGA~ICS * PAR T1 CLE SIZE * M * * C-DEG ll( PPT * MG/L * ~GIL * G/CC * * * * ~ORG * :UNOR * MGIL * MEAN ""'14EDIA'4 '¥ SORT * 
o.o 9.3 0.78 9.2 32.0 17.0 83.0 5.4 

6.0 7.1 3.14 8.4 73.0 14.0 86.0 10.2 

9.6 6.2 4.88 8.2 43.0 15.0 85.0 6.4 

10.6 6.2 5.29 8.2 74.0 13.0 87.:> 9.6 

11.3 6.1 4.43 8.2 31.5 43.0 5 7.0 13.5 

BEDS EO 1. 26 205.0 

I 01/04/79 cu 1-15 19.0 39-13.0 76-15.3 8 OG349 TN 10 
(X) 

(X) 

I o.o 10.1 0.24 8.8 51.0 47.0 53.0 24.0 

6.0 0.18 57.6 28.0 72.0 16.1 

7.8 10.1 8.9 54.5 27 .o 73.0 14.7 

8. 8 10.0 o. 42 8.9 164.0 

9.5 10. 1 3.29 8.9 167.5 12.0 88.0 20.1 

BEDS EO 1. 23 237.3 
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APPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WDPT ov 
DG-MIN DG-MIN 

01104/79 cu 1-14 18.8 39- 9.8 76-18.2 8 OG349 TN 12 

DEPTH * AS-UG/l * CO-UG/l * CU-UG/l • FE-MG/l * HG-UG/l * MN-UG/l * Nl-UG/l * PB-UG/l * SN-UG/l * ZN-UG/l * 
M 

o.o 

6.0 

11.3 

BEDS EO 

01/04/79 

o.o 

6.0 

9.5 

BEDS EO 

UG/G 

.37 
12 

.45 
6.2 

.63 
21 

9.8 

cu 

.43 
8.4 

.82 
14 

1.4 
8.3 

UG/G 

1-15 

UG/G UG/G * 
.020 1.3 1.3 
0.62 41 4.1 

.032 1.3 1.3 
0.43 18 1.8 

.ba 1.8 2.3 
21 56 7.2 

.58 UG/G 37 UG/G 3.7 

19.0 39-13.0 76-15.3 8 

.72 
14 

.79 
14 

.069 
0.41 

1.7 
33 

2.3 
40 

6.7 
40 

1. 8 
3e5 

2.8 
4.9 

8.7 UG/G 1.4 UG/G 35 UG/G 3.3 

% 

OG349 

UG/G 

<.055 
< 1.7 

.28 
3.8 

<.069 
< 2.2 

<.05 

TN 

<.Oit6 
<0.90 

<.074 
< 1.3 

<.079 
<0.47 

UG/G 

10 

MG/G 

58 
1.8 

82 
l.l 

98 
3.1 

2.6 

96 
1~9 

146 
2.5 

460 
2. 7 

MG/G 

UG/G 

.92 
29 

2.4 
33 

3.4 
llO 

43 

1. 8 
35 

4.3 
75 

9.4 
5~ 

UG/G 

UG/G 

2.0 
63 

2.4 
33 

3.5 
110 

77 

3.1 
61 

3.6 
63 

5.9 
35 

UG/G 

UG/G 

.25 
7.8 

.36 
4.9 

.34 
11 

.90 

<.12 
< 2.4 

.44 
7.6 

.48 
2.9 

UG/G 

MG/G 

15 
0.47 

12 
0.16 

21 
0.66 

.26 

18 
0.35 

21 
0.36 

53 
0.32 

MG/G 

<.05 UG/G 3.3 MG/G 39 UG/G 49 UG/G 1.2 UG/G .27 MG/G 



APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WDPT ov 
DG-MIN OG-MIN 

01/04/79 cu l-16 21.0 39-16.8 76-13.7 8 OG349 TN 8 

DEPTH • TIME * TEMP * SALIN* o.o. * SUSMAT*SEO DEN* ~H20 * PH * :::HL A * ORGANICS * P~kTICLE SIZE * M * * C-DEG * PPT * MG/l * MG/l * G/CC * * * * CORG * *INOR * MG/l * MEAN *MEDIAN * SORT * 
o.o 10.1 0.11 9.8 54.5 

6.0 10.1 0.57 8.5 48.5 

6.3 10.1 0.16 8.3 50.0 28.5 71.5 14.2 

7.3 10.1 0.11 8.4 50.5 18.0 82.0 9.1 

8.0 10.1 0.10 8.6 49.8 27.0 73.0 13.4 

BEDS EO 1. 37 132.7 

I 02/04/79 cu l-17 7.0 39-20.6 76-10.8 8 OG349 TN 11 
1.0 
0 
I o.o 10.0 0.11 9.6 47.0 16.0 84.0 7.5 

6. 0 10.1 0.10 9.6 42.5 15 .o 85.0 6.4 

9.3 10.0 0.10 9.6 35.5 u.o 89.0 3.9 

10.3 10.0 0.10 9.6 45.5 34.0 66.0 15.5 

11.0 10.0 0.10 9.7 43.5 

BEDS ED 1. 35 144.0 



APPENDIX 

DA/MO/YR 

01/04/79 

DEPTH * 
H 

o.o 

6.0 

a.o 

BEDS EO 

02/04/79 

o.o 

I 
1.0 6.0 f-' 
I 

11.0 

BED SED 

D, cont'd. 

RV STATN TIME LAT LOOG T CRUSE vs WOPT DV 
DG-MIN DG-MIN 

cu 1-16 21.0 39-16.8 76-13.7 8 OG349 TN 8 

AS-uG/l * CD-UG/l * CU-UG/L * FE-MG/l * HG-UG/l * MN-UG/l t: Nl-UG/l * PB-UG/l * SN-UG/l * ZN-UG/l • 
UG/G 

.so 
9.2 

.65 
13 

.53 
11 

4.4 

cu 

.39 
8.3 

.39 
9.2 

.47 
ll 

UG/G 

1-17 

UG/G UG/G ~ 

1.5 
28 

.050 
1.0 

.37 
7.4 

.46 

1.0 

.027 
0.57 

<.040 
<0.94 

.086 
2.0 

3.0 
55 

1.7 
35 

3.7 
74 

UG/G 29 

39-20.6 

2.0 
43 

1.5 
35 

2.3 
53 

2.5 
4.6 

2.5 
5.2 

2.3 
4.6 

UG/G 2.2 

76-10.8 8 

2.0 
4.3 

1. 7 
4.0 

1.7 
3.9 

2. 8 UG/G .67 UG/G 33 UG/G 2.3 

~ 

OG349 

UG/G 

<.11 
< 2.0 

<.094 
< 1.9 

<.088 
< 1.8 

<.05 

TN 

<.067 
< 1.4 

<.045 
< 1. 1 

<.047 
< 1.1 

UG/G 

11 

MG/G 

140 
2.6 

131 
2.7 

98 
2.0 

2.1 

63 
1.3 

126 
3.0 

98 
2.3 

MG/G 

UG/G 

3.9 
72 

4.0 
82 

3.5 
70 

33 

1.3 
28 

2.1 
64 

4.2 
97 

UG/G 

UG/G 

5.0 
92 

4.6 
95 

4. 5 
90 

46 

2.5 
53 

2.1 
49 

1.9 
44 

UG/G 

UG/G 

1.5 
28 

.37 
7.6 

<.25 
< 5.0 

1.1 

.20 
4.3 

.58 
14 

<.17 
< 3.9 

UG/G 

MG/G 

30 
0.55 

22 
0.45 

24 
0.48 

.71 

20 
0.43 

12 
0.28 

16 
0.37 

HG/G 

<.05 UG/G 1.8 HG/G 42 UG/G 43 UG/G 1.3 UG/G .23 MG/G 



APPENDIX D, cont' d. 

DA/MO/YR RV STA TN TIME l AT LONG T CRUSE vs WDPT ov 
OG-MIN DG-I'!IN 

02104/79 cu 1-18 8.0 39-22.8 76- 6.2 8 OG349 TN 13 

DEPTH ,.. TIME * TEMP * SALIN * o.o. Jilt SUSMAT*SEO DEN• ~H20 * PH * CHL A * ORGANICS * PARTIClE SIZE * 
M * * C-DEG • PPT * MG/l * MG/l * G/CC * * * * *ORG • :(I NOR * MG/l * MEAN •MtDIAN • SOR. T • 

o.o 10.8 0.10 8.5 45.5 16.0 84.0 7.3 

6.0 10.1 0.10 8.6 44.0 18.0 82.0 7.9 

11.1 10.1 0.10 8.9 41.5 17.0 83.0 7.0 

12. 1 10.1 0.10 9.3 45.0 26.1 73.9 11.7 

12.8 10.1 0.10 9.3 43.5 26.0 74.0 11.3 

BEDS ED l. 32 162.3 

I 02/04/79 cu 1-19 9.0 39-26. 1 76- 1.3 B OG349 TN 5 
1.0 
N 
I o.o 10.5 0.10 8.1 18.2 32.5 67.5 5.9 

4.4 10.3 o. 10 8.3 19.0 28.0 82.0 5.3 

5.1 10.3 0.10 .S.2 20.1 25.0 75.0 5.0 

BEDS EO l. 39 125.5 

02/04/79 cu 1-20 21.1 39- 7.5 76-23.7 8 OG349 TN 14 

o.o 9.7 1.67 8.3 37 .o 

8. 0 9. 7 2. 42 7.8 16.5 

11.5 5.9 5.50 6.9 30.0 

13.5 4.8 9.82 6.9 62.2 

14.2 4.8 9.82 7.0 63.5 

BEDS ED 1.16 362.4 
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APPENDIX D, cont'd. 

OA/MO/YR RV STA.TN TIME LAT LONG T CRUSE vs WDPT DV 
DG-MIN OG-MIN 

02/04/79 cu 1-18 8.0 39-22.8 76- 6.2 8 OG349 TN 13 

DEPTH * AS-UG/l * CO-UG/l * CU-UG/l • FE-MG/l * HG-UG/l * MN-UG/l * NI-UG/l * PB-UG/L * SN-UG/l * ZN-UG/l * 
M 

o.o 

6.0 

12.8 

BEDS EO 

02/04/79 

o.o 

4.4 

5. 1 

BEDS EO 

02/04/79 

o.o 

8.o 

14.2 

BEDS ED 

UG/G UG/G UG/G ~ 

.40 
8.8 

.28 
6.4 

.22 
5.1 

5.2 

cu 

.18 
9.9 

<.086 
< 4.5 

.26 
13 

2.4 

cu 

.13 
3.5 

.23 
14 

1.9 
30 

UG/G 

1-19 

UG/G 

1-20 

• 20 
4.4 

<.063 
< 1.4 

<.069 
< 1.6 

.21 

9.0 

.10 
5.5 

.36 
19 

<.054 
< 2.7 

.31 

21.1 

.25 
6.8 

<.048 
< 2.9 

.12 
1.9 

2.2 
48 

2.2 
50 

2.5 
57 

UG/G 30 

39-26.7 

UG/G 

39-

1.8 
99 

1.6 
84 

1.4 
70 

33 

7.5 

2.5 
6& 

2.1 
130 

4.9 
11 

8.0 UG/G .94 UG/G 44 

2.2 
4.8 

2.2 
5.0 

2.1 
4.8 

UG/G 2.4 

76- 1.3 8 

1.0 
5.5 

l. 1 
5.8 

1.2 
6.0 

UG/G 2.3 

76-23.7 8 

.82 
2.2 

.11 
4.7 

6.9 
11 

* 
OG349 

* 
OG349 

UG/G 4.5 % 

UG/G 

<.083 
< 1.8 

<.070 
< 1.6 

<.077 
< 1.8 

<.05 

TN 

<.073 
< 4.0 

<.060 
< 3.2 

<.060 
< 3.0 

<.05 

TN 

<.073 
< 2.0 

<.054 
< 3.3 

<.058 
<0.91 

UG/G 

5 

UG/G 

14 

MG/G 

104 
2.3 

84 
1.9 

72 
1. 7 

1.8 

31 
1.7 

34 
1.8 

36 
1. 8 

1.6 

34 
0.92 

23 
1.4 

440 
6.9 

MG/G 

MG/:; 

UG/G 

2.2 
48 

3.7 
84 

3.6 
83 

34 

5.9 
320 

9.0 
470 

2.4 
120 

58 

2.6 
10 

1.7 
100 

8.0 
LiO 

UG/G 

UG/G 

UG/G 

7.8 
170 

2.8 
64 

2.8 
64 

34 

2.5 
140 

1.4 
74 

2.4 
120 

63 

5.6 
150 

2.5 
150 

5. l 
80 

UG/G 

UG/G 

UG/G 

.19 
4.2 

<.26 
< 5.9 

<.28 
< 6.4 

.98 

.27 
15 

<.22 
< 12 

<.22 
< ll 

.76 

.31 
8.4 

<.20 
< 12 

2.2 
35 

UG/G 

UG/G 

MG/G 

25 
0.55 

14 
0.32 

12 
0.28 

.18 

18 
0.99 

14 
0.74 

13 
O.b5 

.22 

38 
1.0 

7.5 
0.45 

49 
o. 77 

MG/G 

MG/G 

<.05 UG/G 3.8 MG/G 43 lJG/G 86 UG/G 2.5 UG/G .38 MG/G 
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APPENDIX D, cont'd. 

DA/MO/YR kV STATN TIME LAT LONG T CRUSE VS WDPT DV 
OG-MIN OG-MIN 

02/04/79 cu 1-21 19.3 39-10.9 76-27.0 8 OG3~9 TN 14 

DEPTH 10' Tl ME * TEMP * SALIN * D.O. * SUSMAT*SEO DEN* ~H20 * 
MG/L * MG/L • G/CC * * M * * C-OEG * PPT * 

o.o 10.4 1.13 8.9 23.0 

8. D 10.1 2.93 6.5 14.5 

11.2 8.7 4.11 6.6 21.5 

13.2 7.1 5.63 7.1 49.5 

13.9 6.9 5.73 7.3 272.5 

BEDS ED 1.19 289.9 

PH * :HL A * ORGANICS 10< PARTICLE SIZE * 
* * ~DRG * %!NOR * MG/L * MEAN ~MEOlA~ • SORT • 
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APPENDIX D, cont'd. 

DA/MO/ YR R\1 STATN TIME 

02/04/79 cu 1-21 19.3 

DEPTH • AS-uG/l * co-uG/L 
M 

o.o 

8.0 

13.9 

UG/G 

.76 
33 

.36 
25 

1.5 
5. 5 

UG/G 

1.4 
61 

<.057 
< 3.9 

2.4 
8.8 

LAT LONG T CRUSE 
DG-MIN OG-MIN 

39-10.9 76-27.0 8 OG349 

* CU-UG/l * FE-MG/l * UG/G 

3.6 
160 

2. 3 
160 

6.9 
25 

' 
2.1 

12 

1.3 
9.0 

7.6 
2.8 

BEDS EO 5.3 UG/G .35 UG/G 60 UG/G 4.6 ~ 

vs WOPT 

TN 

HG-UG/l 
UG/G 

<.095 
< 4.1 

<.063 
< 4.3 

<.10 
<0.36 

14 

DV 

* MN-UG/l 
MG/G 

110 
4.8 

23 
1.6 

200 
o. 73 

* NI-UG/l 
UG/G 

2.7 
120 

1.6 
110 

9.7 
36 

* PB-UG/l 
UG/G 

5.6 
240 

2.8 
190 

5.5 
20 

* SN-UG/l 
UG/G 

.47 
20 

.47 
32 

1.9 
7.0 

* lN-UG/L 
MG/G 

36 
1.6 

9.4 
0.65 

59 
0.22 

* 

<.05 UG/G 2.0 MG/G 53 UG/G 130 UG/G 3.1 UG/G .30 MG/G 
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APPENDIX D, cont'd. 

Explanation of hydrographic and chemical data for suspended and bed sediments. 

UPPER PAGE TITLES 

DA/MO/YR 

RV 

First Line - Basic station identification and location 

Day, Month, Year 

STATN 

TIME 

LAT 

LONG 

T 

CRUSE 

VS 

River Code (CL, Lower Chesapeake Bay; CU, Upper Chesapeake Bay; SQ, Susquehanna River) 

Station Identification (cruise number - station number) 

Time in Hours and Tenths 

Latitude of station location in Degrees, Minutes and Tenths, all are North 

Longitude of station location in Degrees, Minutes and Tenths, all are West 

State of Tide, 8 = Low Slack Water 

Not applicable 

Vessel Designation; TN = Tern, PA Pathfinder, JA Judith Ann, AQ Aquarius 

WDPT Water Depth, nearest whole meter 

DV Secchi Depth Visibility - not used 

Second Line - Parameter description and unit of measure 

DEPTH, M Depth at which sample was taken in Meters and Tenths 

TIME 

TEMP, C-DEG 

SALIN, PPT 

D.O., MG/L 

SUSMAT, MG/L 

SEDDEN, G/CC 

%H20 

PH 

CHL A 

ORGANICS 

%0RG 
%INOR 
MG/L 

PARTICLE SIZE 

MEAN 
MEDIAN 
SORT 

Other 

BEDS ED 

Time at which sample was taken in Minutes and Tenths 

Temperature at sample depth in Degrees Centrigrade 

Salinity at sample depth in Parts per Thousand 

Dissolved Oxygen in Milligrams per Liter 

Suspended Sediment in Milligrams per Liter 

Sediment Density of top 2 centimeters of bottom core in Grams per Cubic Centimeters 

Water content of sediment sample in % of dry sediment weight 

Acidity/Alkalinity at sample depth in pH units 

Chlorophyll A in micrograms per liter 

Percent of suspended sedimeht weight that is particulate organic 
Percent of suspended sediment weight that is inorganic 
Weight of organic fraction of suspended sediment in Milligrams per Liter 

Mean size of suspended sediment particles in microns 
Median size of suspended sediment particles in microns 
Sorting calculation of suspended sediment particles in microns 

Sediment sample taken as the top 2 centimeters of core sample (fluid mud) 



APPENDIX D, cont'd. 

CRUISE 2, 349A 

STATIONS: 
l 2 3 4 5 6 7 8 9 10 l1 12 13 14 15 16 17 18 19 20 2l 2L 23 24 TOT4L 

DEPTHS 5 5 4 5 5 5 0 5 6 0 6 6 5 5 5 ~ 5 5 4 s 5 J 0 J 96 

TIME 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 J 0 0 0 0 J 
TEMP 3 4 3 4 4 5 0 5 6 0 6 6 5 0 0 0 0 0 0 4 0 0 0 0 55 

SALIN 5 5 4 5 5 5 0 5 6 0 6 6 5 5 5 5 5 5 4 5 5 0 0 0 96 
o.o 3 4 3 3 4 5 0 5 6 0 6 6 5 0 0 0 0 0 0 3 0 0 0 0 53 
SUSMAT 5 5 4 5 5 5 0 5 6 0 6 6 5 5 5 5 5 5 4 5 5 0 0 0 96 
PH 5 3 0 0 5 5 0 5 6 0 6 6 5 5 5 5 5 0 4 5 5 0 0 0 80 
CHL A 0 0 0 0 0 0 0 0 0 0 0 0 -{) 0 0 0 0 0 0 0 0 0 0 0 0 

ORGANICS 
~ORG 4 2 4 5 1 5 0 5 0 0 6 6 5 5 5 5 5 5 4 5 4 0 0 0 b1 
~INOR 4 2 4 5 1 5 0 5 6 0 6 6 5 5 5 5 5 5 4 ) 4 ) 0 0 87 
MG/L 4 2 4 5 1 5 0 5 6 0 6 6 5 5 5 5 5 5 4 5 4 0 0 0 87 

PART .SIZE 
MEAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MEDIAN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CURRENT 
SPEED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i) 0 

I DIR 0 0 0 0 
1.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 J u 0 0 D 0 
-...] 

I METALS 
AS-UG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 J 0 D 38 
AS-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 38 
CD-UG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 3d 
CD-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 38 
cu-UG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 3o 
CU-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 38 
FE-MG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 J 0 0 3d 
FE-% 2 2 2 2 2 2. 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 u 3d 
HG-UG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2. 2 2. 0 0 0 3o 
HG-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 u .Hi 
MN-UG/l 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 3D 
MN-MG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 0 38 
NI-UG/l 2 2 2 2 2 2 0 2 2 0 2 2 2 ;_ 2 2 2 2 2 2 2 0 0 J 3H 
NI-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 0 0 () 3o 
PB-UG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 J 0 8 3'-.l 
PB-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 l. 2 2 2 2 2 2 2 0 0 v 3b 
SN-UG/L 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2. 0 0 0 jo 

SN-UG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2. 2 2 2 2 2 2 2 0 Q 0 3ti 
ZN-UG/l 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2. 2 2 2 0 u 0 3B 
ZN-MG/G 2 2 2 2 2 2 0 2 2 0 2 2 2 2 2 2 2 2 2. 2 2 0 J J jj 

TOTAL 73 67 66 72 66 80 0 80 88 0 88 tiS 80 70 70 70 70 65 b4 11 b7 0 0 0 t40l. 
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APPENDIX D, cont'd. 

Explanation of hydrographic and chemical data for suspended and bed sediments. 

UPPER PAGE TITLES 

DA/MO/YR 

RV 

First Line - Basic station identification and location 

Day, Month, Year 

STATN 

TIME 

LAT 

LONG 

T 

CRUSE 

VS 

River Code (CL, Lower Chesapeake Bay; CU, Upper Chesapeake Bay; SQ, Susquehanna River) 

Station Identification (cruise number - station number) 

Time in Hours and Tenths 

Latitude of station location in Degrees, Minutes and Tenths, all are North 

Longitude of station location in Degrees, Minutes and Tenths, all are West 

State of Tide, 8 = Low Slack Water 

Not applicable 

Vessel Designation; TN = Tern, PA Pathfinder, JA Judith Ann, AQ Aquarius 

WDPT Water Depth, nearest whole meter 

DV Secchi Depth Visibility - not used 

Second Line - Parameter description and unit of measure 

DEPTH, M Depth at which sample was taken in Meters and Tenths 

TIME Time at which sample was taken in Minutes and Tenths 

TEMP, C-DEG 

SALIN, PPT 

D.O., MG/L 

SUSMAT, MG/L 

SEDDEN, G/CC 

%H20 

PH 

CHL A 

ORGANICS 

%0RG 
%INOR 
MG/L 

PARTICLE SIZE 

MEAN 
MEDIAN 
SORT 

Other 

BEDS ED 

Temperature at sample depth in Degrees Centrigrade 

Salinity at sample depth in Parts per Thousand 

Dissolved Oxygen in Milligrams per Liter 

Suspended Sediment in Milligrams per Liter 

Sediment Density of top 2 centimeters of bottom core in Grams per Cubic Centimeters 

Water content of sediment sample in % of dry sediment weight 

Acidity/Alkalinity at sample depth in pH units 

Chlorophyll A in micrograms per liter 

Percent of suspended sediment weight that is particulate organic 
Percent of suspended sediment weight that is inorganic 
Weight of organic fraction of suspended sediment in Milligrams per Liter 

Mean size of suspended sediment particles in microns 
Median size of suspended sediment particles in microns 
Sorting calculation of suspended sediment particles in microns 

Sediment sample taken as the top 2 centimeters of core sample (fluid mud) 



First Line 

DA/MO/YR 

RV 

STATN 

TIME 

LAT 

LONG 

T 

CRUSE 

vs 
WDPT 

DV 

Second Line 

DEPTH, M 

AS-UG/L UG/G 

CD-UG/L UG/G 

I CU-UG/L UG/G 
~ 
~ FE-MG/L % I 

HG-UG/L UG/G 

MN-UG/L UG/G 

NI-UG/L UG/G 

PB-UG/L UG/G 

SN-UG/L UG/G 

ZN-UG/L MG/G 

Other 

BED SED 

APPENDIX D, cont'd. 

Explanation of metal data for suspended and bed sediments. 

LOWER PAGE TITLES 

Day, Month, Year 

River Code (CL, Lower Chesapeake Bay; CU, Upper Chesapeake Bay; SQ, Susquehanna River) 

Station Identification (cruise number - station number) 

Time in Hours and Tenths 

Latitude of station location in Degrees, Minutes and Tenths, all are North 

Longitude of station location in Degrees, Minutes and Tenths, all are West 

State of Tide, 8 = Low Slack Water 

Not applicable 

Vessel Designation; TN = Tern, PA 

Water Depth, nearest whole meter 

Secchi Depth Visibility - not used 

Pathfinder, JA 

Depth at which sample was taken in Meters and Tenths 

Judith Ann, AQ Aquarius 

Arsenic concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Cadmium concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Copper concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Iron concentration, Milligrams per Liter, Percent of dry solids 

Mercury concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Manganese concentration, Micrograms per Liter, Milligrams per Gram dry solids 

Nickel concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Lead concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Tin concentration, Micrograms per Liter, Micrograms per Gram dry solids 

Zinc copcentration, Micrograms per Liter, Milligrams per Gram dry solids 

Sediment sample taken from top 2 centimeters of core sample (fluid mud) units are as explained above 
for metals 



APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WDPT DV 
DG-M IN DG-MIN 

02/05/79 Cl 2-01 15.3 36-59.3 75-48.4 8 DG349 TN 14 

DEPTH • TIME * TEMP * SALIN * o.o. ... SUSMAT*SE) OEN* *H20 * PH * CHL A • ORGANICS * P U T1 ::LE SilE ., 
M * * C-OEG * PPT * MG/l * MG/L * G/CC * * * * %0RG * :UNOR * MG/l * MEAN *MEOI AN * SORT "' 

o.o 13.8 26.79 12.4 3.8 8.3 55.9 44.1 2.1 

6.0 9. 8 31.19 12.4 4.3 8.2 41.0 59.0 1.8 

11.5 31.58 6.8 8.1 

13.5 31.53 9.1 8.1 38.3 61.7 3.4 

14.2 a.8 31.84 u. 7 13.7 8.o 3l.2 68.8 2.6 

BEDS EO 

02/05/79 Cl 2-02 12.2 37- 1.7 76- 3.8 8 OG349 TN 13 
I 

1-' a.o 14.4 19.29 14.4 7.9 8.6 70.1 2~.9 5.5 0 
0 
I 

6.0 12.1 21.99 12.7 8.3 42.1 57.9 3.5 

10.2 10.9 27.36 11.2 9.7 

12.2 28.54 17 .o a.o 

12.9 10.8 28.65 11.1 16.6 a.o 

BEDS EO 

02/05/79 Cl 2-03 10.4 36-56.7 76-10.9 8 OG349 TN 7 

o.o 15.2 15.89 12.5 13.8 31.6 68.4 4.4 

4.4 16.69 l't·-2 9.8 90.2 1.4 

6.4 14.4 18.12 13.0 15.2 65.8 34.2 10.0 

7.1 13.6 20.76 10.8 26.8 27.7 72.3 7. 5 

BEDS ED 1. 67 56.8 
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~PPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME LAT LONG T CRUSE VS WOPT OV 
OG-MI N OG-MIN 

02/05/79 CL 2-01 15.3 36-59.3 75-48.4 8 OG349 TN 14 

DEPTH * AS-UG/L * CD-UG/l * CU-UG/L * FE-MG/l * HG-UG/l * MN-UG/l * NI-UG/l * PS-UG/l * SN-UG/L * ZN-UG/l • 
M UG/G UG/G UG/G ~ UG/G MG/G UG/G UG/G UG/G MG/G 

o.o 

14.2 

SED SED 

<.10 
< 26 

<.088 
< 6.1t 

2.0 

02/05/79 Cl 

o. 0 <.16 
< 20 

12.9 <.13 
< 7.8 

SEDSEO 1.8 

02/05/79 Cl 

o.o <.19 
< 

7. 1 

14 

.37 
14 

UG/G 

2-02 

UG/G 

2-03 

.063 
17 

.24 
18 

<.074 

12.2 

<.035 
< 4.4 

.069 
4.2 

<.071 

10.4 

7.2 
520 

.096 
3.6 

UG/G 

31-

UG/G 

• 78 
210 

.58 
42 

.90 UG/G 

.045 
1.2 

.097 
0.71 

• 12 

1.7 76- 3.8 8 

.45 .067 
57 0.85 

1.1 .35 
66 2.1 

• 87 UG/G .50 

* 
OG349 

~ 

36-56.7 76-10.9 8 OG349 

1. 3 
94 

.89 
33 

.12 
5.2 

.48 
1.8 

8 ED SED 3.3 UG/G • 04 UG/G 3. 0 UG/G 1.~ 

<.051 
< 13 

<.044 
< 3.2 

<.052 

TN 

<.081t 
< 11 

<.067 
< 4.0 

<.050 

TN 

<.093 
< 6. 7 

<.093 
< 3.5 

UG/G 

13 

UG/G 

7 

<2.0 
<0.53 

<4.0 
<0.29 

.11 

<3.3 
<0.42 

9.4 
0.57 

.058 

9.2 
0.67 

2ft 
0.90 

MG/G 

MG/G 

<.060 UG/G .26 MG/G 

l. 3 
340 

.47 
34 

3.6 

1.0 
130 

3.6 
220 

L.3 

2.0 
140 

1.6 
60 

UG/G 

UG/:i 

.92 
240 

.40 
29 

7.4 

1.8 
230 

1. 6 
96 

2.9 

2.4 
170 

.98 
37 

UG/G 

UG/G 

<.16 
< 42 

<.14 
< 10 

<.12 

<.21 
< 34 

<. 21 
< 13 

<.11 

<.30 
< 22 

<.30 
< 11 

UG/G 

UG/G 

3.9 
1.0 

2.3 
0.17 

.018 

1.0 
0.89 

12 
0.72 

.01o 

26 
1.9 

6.5 
0.24 

MG/G 

MG/G 

10 UG/G 9.2 UG/G .47 UG/G .051 MG/G 



APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME i.AT LONG T CRUSE VS WDPT ov 
DG-MI N OG-MIN 

02/05/79 Cl 2-04 8.6 36-57.5 76-20.5 8 OG349 TN 7 

DEPTH * TIME * TEMP * SALIN * o.o. * SUSMAl*SED DEN* ~20 * PH * ;:HL A • ORGANICS * PAit TICLE SIZE >(( 

M * * C-DEG * PPT * MG/l * MG/L * GICC • * * * &rJRG * ~I NOR * M::i/l * MEAN *MEDIAN * SORT * 
o.o 15.8 12.50 9.4 15.0 23.9 76.1 3.6 

5.6 15.5 13.17 20.2 17.9 82.1 3.6 

6.0 15.4 13.33 9.0 19.6 18.9 81.1 3.7 

6.6 13.35 19.4 18.2 81.8 3.5 

1. 3 15.3 1.4.09 9.3 28.7 17.6 82.4 5.2 

BEDSED 1. 67 56.9 

07/05/79 CL 2-05 15.5 37-15.6 76- 7.2 6 OG349 TN 14 
I 

1-' o.o 15.8 16.~2 11.1 10.7 a.a 0 
N 
I 

a. o 14.7 21.40 8.5 9.5 8.3 

11.3 13.6 21..99 8.3 9.9 8.3 

13.3 23.21 11.0 8.2 

14.0 13.2 23.59 8.1 31.1 8.2 15.5 84.5 4.8 

BEDS ED 

07/05/79 Cl 2-06 17.7 37-32.1 76- 9.5 8 OG349 TN ll 

o.o 16.1 11.47 10.6 9.7 8.9 59.5 40.5 5. d 

6.0 14.8 11.65 ll.2 9.2 8.9 43.4 56.6 4.0 

9.6 13.5 14.49 8.9 8.9 8.7 87.1 12.9 7.7 

10.6 13.2 20.19 6.5 11.3 8.1 45.7 54.3 5.2 

11.3 13.2 20.48 6.5 80.9 8.0 1.5 .9 84.1 12.9 

BEDS ED 
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APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT lONG T CRUSE vs WDPT DV 
DG-MIN DG-MIN 

02/05/79 Cl 2-04 8.6 36-57.5 76-20.5 8 OG349 TN 7 

DEPTH * AS-UG/L * CD-UG/l * CU-UG/l * FE-MG/l * HG-UG/l * MN-UG/l * NI-UG/l * PB-UG/L • SN-UG/L * ZN-UG/L * 
M 

o.o 

7.3 

BEDS ED 

07/05/79 

o.o 

14.0 

BEDS ED 

07/05/79 

o.o 

11.3 

UG/G 

<. 18 
< 12 

.35 
12 

3.4 

Cl 

.30 
28 

.21 
8.7 

2.3 

CL 

• 31 
32 

5. 0 
62 

UG/G 

2-05 

UG/G 

2-06 

UG/G UG/G ' 
.13 
8.7 

.081 
2.8 

<.071 

15.5 

.12 
11 

.070 
2.3 

<.075 

17.7 

.10 
10 

.28 
3.5 

1.6 .50 
110 3.3 

1.6 .92 
56 3.2 

UG/G 4.8 UG/G 1.3 • 
37-15.6 76- 7.2 B OG349 

1.5 .12 
140 1.1 

1.4 .55 
45 1.8 

UG/G 1.9 UG/G 1.0 • 
37-32.1 76- 9.5 8 OG349 

1.3 
130 

10 
120 

.060 
0.62 

14 
17 

BEDSED 4.8 UG/G <.090 UG/G 6.8 UG/G 1.6 

UG/G 

.16 
11 

.21 
7.3 

.17 

TN 

.24 
22 

.u 
3.5 

<.074 

TN 

<.043 
< 4.4 

.47 
5.8 

UG/G 

14 

UG/G 

11 

MG/G 

ll 
0.73 

27 
0.94 

.17 

<4.0 
<0.37 

11 
0.35 

.13 

<4.1 
<0.42 

167 
2.1 

MG/~ 

MG/G 

<.052 UG/G .26 MG/G 

UG/G 

2.1 
140 

2.1 
73 

8.f.t 

1.6 
150 

1.2 
39 

7.4 

2.7 
280 

12 
150 

UG/G 

UG/G 

16 UG/G 

UG./G 

2. 0 
130 

1.4 
49 

12 

1. 1 
100 

.64 
21 

8.0 

1.1 
110 

3.4 
42 

UG/G 

UG/G 

UG/G 

<.21 
< 18 

<.29 
< 10 

.23 

<.30 
< 28 

<.21 
< 6.8 

1.1 

<. 31 
< 32 

<.83 
< 10 

UG/G 

UG/G 

MG/G 

ib 
1.9 

16 
0.56 

.060 

20 
1.9 

14 
0.45 

.031 

28 
2.9 

80 
0.99 

'4G/G 

MG/G 

12 UG/G .24 UG/G .050 MG/G 



APPENDIX D, cont'd. 

DA/MO/Y R RV STATN TIME LAT LONG T CRUSE vs WDPT DV 
OG-MIN DG-MIN 

08/05/79 Cl 2-08 7.1 38- 4.1 76-13.0 8 OG349 ..iN 27 

DEPTH * TIME * TEMP * S-ALIN * o.o. * SUSMAT*SEO DEN* ~H20 * PH * CHL A • ORGANICS • PARTICLE SIZE • 
M * * C-DEG • PPT * MG/l * MG/l * G/CC * * * * ~ORG * IINOR * HG/l * MEAN *MEDIAN * SORT * 

o.o 14.5 9.82 10.1 6.6 a.5 59.3 40.7 3.9 

s.o 14.5 9.69 9.9 6.5 8.6 62.0 3-8.0 4.0 

24.4 12.3 18.96 5.7 7.9 7.9 49.2 50 .. 8 3.9 

26.4 12.3 19.05 5.7 8.0 7.9 5~.9 49.1 't .1 

27.1 12.3 19.13 5.7 7.3 1. a 46.0 54.0 3.4 

BED SED 1.14 397.1 

08/05/79 cu 2-09 10.1 38-21.3 76-19~ 1 a OG349 TN 37 
1 

1-' 0.0 16.6 8.83 9.5 5.a 8.4 23.7 76.3 1.4 0 

""" I 

a.o 15.8 9.23 9.4 5.2 8.3 20.7 79.3 l.l 

20.0 11.9 15.79 3.8 6.9 7. 5 31.0 69.i) 2.1 

34.5 12.9 18.20 4.7 8.6 7.8 52.8 lt-1.2 ~.5 

36.5 13.3 18.95 4.7 9.0 7.8 30.5 b9.S 2.-8 

37.2 12.2 18.87 4.8 12.8 7.8 44.7 5 5.3 5.7 

BEDS EO 1.14 429.4 
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APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WOPT DV 
DG-HIN DG-HlN 

08/05/79 'Cl 2-08 7.1 38- 4.1 76-13.0 8 OG349 TN 27 

DEPTH * AS-UG/l * CD-UG/l * Cu-UG/l * FE-MG/l * HG-UG/l * MN-UG/L * NI-UG/l * PB-UG/l * SN-UG/l * ZN-UG/l * H UG/G 

o.o <.11 
< 17 

27.1 <.094 
< 13 

BEDS ED 5.6 UG/G 

08/05/79 cu 2-09 

o.o 

3 7.2 

<.10 
< 17 

<.082 
< 6.4 

UG/G UG/G ~ 

.28 
42 

.081 
11 

.31 

10.1 

.19 
33 

.12 
9.4 

3.4 
520 

1.6 
220 

UG/G 16 

38-21.3 

1.6 
280 

1.2 
94 

.14 
2.1 

.14 
1.9 

UG/G 2.9 

76-19.1 8 

.10 
1.7 

.31 
2.4 

BEDS EO 6.6 UG/G .39 UG/G 17 UG/G 2.9 

' 
OG349 

UG/G 

<.053 
< 8.0 

<.045 
< 6.2 

<.044 

TN 

<.048 
< 8.3 

<.039 
< 3.0 

UG/G 

37 

HG/G 

<4.0 
<0.61 

<3.4 
<0.47 

.32 

<3.6 
<0.62 

27 
2.1 

HG/G 

<.051 UG/G .49 MG/G 

UG/G 

5.1 
770 

2.4 
330 

32 

1.6 
280 

1.5 
120 

UG/G 

UG/G 

2.1 
320 

1.1 
150 

36 

1. 7 
290 

1.8 
litO 

UG/G 

UG/G 

<.16 
< 24 

<.14 
< 19 

.31 

<.15 
< 26 

<.12 
< 9.4 

UG/G 

MG/G 

11 
l. 7 

10 
1.4 

• 12 

11 
1. 9 

10 
0.78 

MG/G 

33 UG/G 28 UG/G .41 UG/G .13 ~G/G 



APPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WDPT ov 
DG-MIN DG-HIN 

09/05/79 cu 2-ll 23.0 38-49.1 76-24.7 6 OG349 TN 24 

DEPTH * TIME * TEMP * SALIN * o.o. * SUSMAT•SED DEN* %H20 * PH * :HL A * ORGANICS PARTICLE SIZE >;< 

M * * C-DEG * PPT * MG/L * MG/L * G/CC * * * * %0RG * %INOR * MG/l * MEA~ >;<MEDIAN • SJkT * 
o.o 16.6 6.86 8.8 5.6 8.2 46.0 54.0 2.6 

8. 0 15.8 7.00 8.8 3.8 8.3 50.0 50.0 1.9 

20.0 11.9 12.75 2.1 7.9 1.0 36.9 63.1 2.9 

21.7 12.9 14.51 2.4 9.2 1.0 26.1 73.9 2.4 

23.7 13.3 14.88 2.6 13.1 1.0 17.5 82.5 2.3 

24.4 12.2 14.68 2.6 13.7 7.1 1.2 93.8 1. 0 

BEDS EO 1.14 426.0 

I 
t-' 10/05/79 cu 2-12 13.1 38-5 8.5 76-22.8 8 OG349 TN 25 0 
0'1 
I o.o 17.5 5. 33 10.2 8.8 8.4 35.5 64.5 3.1 

8.0 16.4 5. 70 7.9 6.1 7.8 20.0 80.0 1.2 

2Q.O 12.4 10.22 3.1 26.7 7.2 17.4 82.6 4.6 

22.3 11.9 11.07 2.4 20.1 1.2 19.2 80.8 3.9 

24.3 10.5 11.87 2.3 38.4 7 .l 17.2 82.8 6.6 

25.0 10.5 11.96 2.2 46.2 1.3 15.8 84.2 7.3 

BEDS EO 
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!\PPENDIX D, cont'd. 

DA/MO/YR RV STATN TIME LAT LONG T CRUSE vs WOPT DV 
OG-MIN DG-MlN 

09/05/79 cu 2-11 23.0 38-49.1 76-2.4.7 8 OG349 TN 24 

DEPTH * AS-UG/L • co-uG/L * CU-UG/L * FE-MG/L "' HG-UG/L * MN-UG/L * NI-UG/L * PS-UG/L * SN-UG/L * lN-UG/L 
M 

o.o 

24.4 

BEDS ED 

10/05/79 

o.o 

25.0 

BEDS EO 

UG/G UG/G UG/G ' 
<.098 1.2 2.9 .25 
< 18 210 520 4.5 

.15 • 74 2.0 .65 
11 54 150 4.7 

5.4 UG/G 1.1 UG/G 21 UG/G 3.7 

cu 2-12 13.1 38-58.5 76-22..8 8 

<.092 
< 10 

.55 
12 

.067 
7.6 

.020 
0.43 

6.5 UG/G .34 UG/G 

1.5 
110 

2.3 
50 

.29 
3.3 

1.1 
3. 7 

21 UG/G 3.7 

' 
OG349 

UG/G 

<.047 
< 8.4 

<.035 
< 2.6 

<.078 

TN 

<.044 
< 5.0 

<.033 
<0.71 

UG/G 

25 

MG/G 

14 
2.5 

36 
2.6 

.90 

24 
2. 7 

151 
3.3 

MG/G 

<.077 UG/G 1.8 MG/; 

UG/G 

2.0 
360 

2.0 
150 

40 

1.5 
170 

3.0 
65 

UG/G 

36 UG/G 

UG/G 

1.1 
200 

2.1 
!.50 

52 

1.1 
190 

2.1 
45 

UG/G 

UG/G MG/G 

<. 15 9. 0 
< 27 1.6 

<.11 
< 8.0 

.64 

.21 
31 

<.10 
< 2.2 

UG/G 

10 
0=73 

.20 

8.4 
0.95 

16 
0.35 

MG/:; 

67 UG/G .56 UG/G .22 MG/G 



APPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME lAT lONG T CRUSE vs WOPT DV 
DG-MIN DG-MIN 

09/05/79 cu 2-13 13.6 39- 3.0 76-20.7 8 OG34'1 TN 13 

DEPTH • TIME * TEMP * SALIN * o.o. * SUSMAT*SEO DEN* ~H20 * PH * CHL A • ORGANICS "' PARTI::LE SIZE * M * * C-OEG * PPT * MG/L * MG/l * G/CC * * * * iORG * %INOR * MG/l • MEAN *MEDIAN * SORT "' 
o.o 17.6 4.56 10.7 4.3 8.5 69.0 31.0 2.9 

8.0 16.2 5.59 9.7 4.8 8.2 53.6 46.4 2.6 

10.1 15.3 6.12 8.3 19.4 7.8 26.5 73.5 5.1 

12.1 14.6 6.45 7.5 10.3 7.7 35.3 64.7 3.6 

12.8 13.5 6.88 4.0 18.2 7.7 35.5 64.5 6.5 

BED SED 1. 20 272.2 

09/05/79 cu 2-14 14.7 39- 9.8 76-16.2 B OG349 TN 10 
I 

...... o.o 2.04 30.1 8.6 24.0 76.0 1.2 0 
00 
I 

6.0 4.13 23.2 7.8 19.0 81.0 4.4 

8.4 4.2'1 23.1 7.7 28.1 71.3 b.6 

9.4 5.94 34.1 7.3 13.7 86.3 4.7 

10.1 6.67 7Y.6 1.2 13.2 8b.B 10.5 

BED SED 

10/05/79 cu 2-15 15.6 39-13.0 76-15.3 8 OG349 TN 12 

o.o 0.80 43.9 1.1 ll.6 88.4 5.1 

a.o 2.92 66.3 1.2 7.8 92.2 5.1 

9.5 3. 72 74.9 7. 2 6.8 93.2 5.1 

u. 5 4.25 151.2 1.2 7.2 92.8 10.~ 

12.2 4.29 228.6 1.2 9.0 91.0 20.o 

BED SED 



APPENDIX 

DA/MO/YR 

09/05F79 

DEPTH * 
M 

o.o 

12.8 

a cos Eo 

09/05/79 

o .. o 

I 
t-' 
0 
1..0 
I 

10 .. 1 

BEDS ED 

10/05/79 

o.o 

12.2 

BEDS ED 

D, cont'd. 

RV STATN TIME LAT tuNG T CRUSE vs liiDPT OV 
DG-HIH OG-MIN 

cu z...;1.3 13.6 39- 3. 0 76-20.7 8 OG349 TN 13 

AS-UG/l * CO-UG/l * CU-UG/l. * FE-MG/L * HG-UG/l * MN-UG/l. * NI-UG/l * P8-UG/L * SN-UG/L * ZN-UG/L * UG/G UG/G UG/G ' 
<.074 .18 2.2 .12 
< 17 42 510 2.8 

.26 .076 2.0 • 74 
14 4.2 110 4.1 

6 .. 2 UGIG .. 23 UG/G 31 UG/G 3.9 4 

cu 2-14 14.7 39- 9.8 76-18.2 8 OG349 

.37 .18 1.9 1.4 
12 6.0 63 4.7 

1.1 .037 4.6 4.3 
14 O.lt6 58 5.4 

6.1 UG/G .31 UG/G 31 UG/G 4.3 :c 

cu 2-15 15.6 39-13.0 76-15.3 8 OG349 

.49 
11 

3.5 
15 

.073 
1.7 

.074 
0.32 

6.1 UG/G .21 UG/G 

2.0 
46 

11 
48 

1.7 
3.9 

11 
4.8 

32 UG/G 4.1 

UG/G 

<.036 
< 8.4 

<.037 
< 2.D 

<.060 

TN 

< .. 034 
< 1.1 

<.057 
<0.71 

<.074 

TN 

<.033 
<0.75 

<.039 
<0.17 

U.G/G 

10 

UG/G 

12 

MG/G 

17 
4.0 

55 
3.0 

~-:7 

81 
2.9 

300 
3.8 

3.6 

140 
3.2 

930 
4.1 

HGJG 

MG/G 

UG/G 

1.1 
260 

2.6 
140 

61 

1.8 
60 

6.3 
79 

63 

3.2 
13 

11 
48 

UG.IG 

UG/G 

<.074 UG/G 3.6 MG/G 61 UG/G 

UG/G 

1.1 
260 

l. 7 
93 

bl 

2.8 
93 

6.1 
11 

99 

3.0 
68 

15 
66 

UG/G 

UG/G 

UG/G 

<.11 
< 26 

<.11 
< 6.0 

L•.&. 

<.16 
< 5.3 

.46 
5.8 

.21 

<.085 
< 1.9 

.55 
2.4 

UG/G 

UG/G 

KG/G 

4.5 
1. 0 

12 
0.66 

... ., 
•L;;I 

11 
0.37 

39 
0.49 

.21 

1t:J 
0.36 

83 
0.36 

KG/G 

"'G/G 

63 UG/G .53 UG/G .21 MG/G 



APPENDIX D, cont'd. 

DA/MO/YR ~v STATN TIME lAT LONG T CRUSE vs WDPT DV 
DG-MIN DG-MIN 

10/05/79 cu 2-16 3.0 39-17.0 76-13.9 8 OG3lt9 TN 10 

DEPTH * TIME * TEMP * SALIN * o.o. * StJSMAT*SED DEN* *H20 * PH * :HL A * ORGANICS • PAKTICLE SIZE * H * * C-OEG * PPT * HG/l * MG/l * S/CC * * * * *ORG * *INOR * MG/L * MEAN *~EOIA'I * SJRT * 
o.o 0.21 43.2 7.4 15.1 84.9 6.5 

6.0 0.26 46.2 7.5 7.8 92.2 3.1 

8.4 0.34 56.7 7.5 8.5 91.5 4.8 

9.4 o. 34 53.7 7.5 16.1 83.9 8.6 

10.1 0.39 334.3 7.6 12.3 87.7 41.1 

BEDS ED 

10/05/79 cu 2-17 2.0 39-21.0 76-10.1 8 OG349 TN 11 
I 

...... o.o 0.14 50.6 8.3 9.7 90.3 4.9 ...... 
0 
I 

6.0 0.14 32.5 8.5 8.9 91.1 2.9 

8.9 0.13 38.6 8.4 10.ft. 89.6 4. 0 

9.9 0.14 49.0 8.4 15.4 84.6 1. 5 

10.6 0.14 62.5 8.4 5.6 94.4 3.5 

BEDS ED 

10/05/79 cu 2-18 1.5 39-22.9 76- 6.5 8 OG3lt9 TN 13 

o.o 0.25 21.5 22.0 78.0 4.7 

8.0 0.13 35.6 16.2 83.8 5.8 

9.1 0.13 50.3 15.0 85.0 1. 5 

12.1 0.14 72.2 16.1 83.9 11.6 

12.8 0.13 95.4 12.0 88.0 11.4 

BEDS EO 
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APPENDIX D1 cont'd. 

DA/MO/YR RV ST ATN TIME LAT LONG T CRUSE VS WDPT DV 
OG-MIN OG-f'IIN 

10/05/79 cu 2-16 3.0 39-17.0 76-13.9 8 OG349 TN 10 

DEPTH • AS-UG/l * CO-UG/l * CU-UG/L * FE-MG/l * HG-UG/l * MN-UG/l * Nl-UG/l * PS-UG/L * SN-UG/l * lN-UG/l * 
M UG/G UG/G UG/G ' UG/G MG/G UG/G UG/G UG/G MG/G 

o.o 

10.1 

BED SED 

10/05/79 

o. 0 

10.6 

BED SED 

10/05/79 

o.o 

12 .B 

BEDS ED 

.68 
16 

3.5 
10 

5.9 

cu 

.55 
11 

.75 
12 

6.0 

cu 

.13 
6.0 

• 74 
7.8 

UG/G 

2-17 

UG/G 

2-1.8 

.091 
2.1 

.15 
0.44 

.32 

2.0 

.085 
1.7 

.oso 
o. 80 

.22 

1.5 

.026 
1. 2 

.088 
0.92 

UG/G 

3.2 
74 

ll 
33 

34 

39-21.0 

2.3 
45 

3.5 
56 

UG/G 28 

39-22.9 

2.6 
120 

5.7 
60 

UG/G 

2.0 
4.6 

10 
3.0 

3.8 

76-10.7 8 

1.3 
2.6 

2.6 
4.2 

UG/G 3.2 

76- 6.5 8 

• 7 2 
3.3 

2.6 
2.7 

~ 

OG349 

~ 

OG349 

5.3 UG/G .28 UG/G 28 UG/G 3.2 ~ 

<.042 
<0.97 

<.052 
<0.15 

<.074 

TN 

<.034 
<0.67 

<.040 
<0.64 

<.078 

TN 

<.039 
< 1.8 

.13 
1.4 

UG/G 

11 

UG/G 

13 

150 
3.5 

850 
2. 5 

3.0 

110 
2.2 

210 
3.4 

2.4 

60 
2.8 

185 
l. 9 

MG/G 

MG/G 

<.011 UG/G 2.0 MG/G 

3.1 
12 

17 
51 

61 

2.4 
47 

4.4 
70 

50 

.58 
21 

3.8 
40 

UG/G 

UG/G 

51 UG/G 

3.8 
88 

13 
39 

62 

3.1 
61 

4.0 
64 

12 

2.2 
100 

3.8 
40 

UG/G 

UG/G 

<.11 
< ~.5 

.33 
0.98 

.17 

<.086 
< l. 1 

<.10 
< 1.6 

• 18 

<.Ob5 
< 4.0 

• 28 
2.9 

UG/G 

UG/G 

20 
0.46 

94 
0.28 

.25 

24 
0.47 

29 
0.46 

.20 

9.3 
0.43 

24 
0.25 

MG/G 

MG/G 

49 UG/G .lb UG/G .22 MG/G 



APPENDIX D, cont'd. 

OA/MO/ YR RV STATN TIME LAT LONG T CRUSE vs WOPT DV 
DG-MIN DG-MIN 

10/05/79 cu 2-19 0.5 39-26.7 76- 1.8 a OG349 TN 0 

DEPTH * TIME * TEMP * SALIN * o.o. * SUSMA T*SED DEN* ~H20 * PH * :HL A * ORGANICS * PARTICLE SIZE "' 
M * * C-DEG * PPT * MG/l * MG/l * G/CC * * * * %0RG * %INOK * MG/L * MEA ... * .. EDI AN * SJKT * 

o.o 0.17 14.7 8.9 29.0 71.0 4.2 

3.4 0.19 16.7 a.a 30.7 69.3 5.1 

5.4 0.21 20.0 8.9 24.3 75.7 4.9 

6. 1 0.22 27.4 8.8 20.0 80.o 5.5 

BEDS EO 1. 35 142.9 

09105/79 cu 2-20 12.6 39- 7.5 76-23.7 8 OG349 TN 13 

o.o 17.7 3.81 10.3 16.4 8.4 29.6 70.4 4.8 
I 
~ 
~ 
IV 8.0 16.3 5.12 8.2 21.1 7.8 17.1 82.9 3_.6 
I 

9. l 15.2 5.72 108.3 7.5 15.1 84.9 16.3 

12.1 6.69 89.2 7.2 18.0 82.0 16.0 

12.8 13.8 6.78 4.1 52.7 1.2 15.6 84.4 8.2 

BEDS ED 

09/05/79 cu 2-21 8.3 39-10.9 76-27.0 8 OG349 TN 13 

o.o 3.40 10.7 8.7 13.9 86.1. 1.5 

8.o 11.98 16.5 7.4 

10.1 5.83 21.0 7.1 16.8 83.2 3.5 

12. 1 7.45 43.6 7.0 3.3 96.7 1.4 

12.8 1.10 51.6 1. 1 15.1 84.9 7.8 

BED SED 
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APPENDIX D, cont'd. 

OA/MO/YR RV STATN TIME LAT LONG T CRUSE VS WOPT OV 
CG-M IN OG-MIN 

10/05/79 cu 2-19 0.5 39-26.7 76- 1.8 8 OG349 TN 6 

DEPTH * AS-UG/L * CD-UG/l * CU-UG/l * FE-MG/l * HG-UG/L * MN-UG/L * NI-UG/L • PB-UG/l * SN-UG/L * ZN-UG/L * 
M UG/G UG/~ UG/G ~ UG/G MG/G UG/G UG/G UG/G MG/G 

o. 0 

6.1 

BED SED 

09/05/79 

o. 0 

12.8 

BEDS EO 

09/05/79 

.061 
4.1 

.24 
8.8 

4.6 

cu 

<.17 
< 10 

.11 
15 

4.8 

cu 

o.o <.19 
< 

12.8 

18 

.86 
17 

UG/G 

2-20 

UG/G 

2-21 

.018 
1.2 

<.035 
< 1.3 

.090 

12.6 

.30 
18 

.026 
0.49 

.09 

8.3 

• 019 
1.8 

<. 044 
<0.85 

UG/G 

39-

UG/G 

.48 
33 

l. 1 
40 

21 

7.5 

.53 
32 

1.9 
36 

33 

39-10.9 

.39 
36 

2.0 
39 

UG/G 

.38 
2.6 

.8d 
3.2 

2.8 ~ 

76-23.7 8 0G3't9 

UG/G 

76-27.0 

.46 
2.8 

2.8 
5.3 

2.0 

8 

.31 
2.9 

2.8 
5.4 

~ 

OG349 

BED SED 7.8 UG/G .21 UG/G 43 UG/G 5.4 

<.035 
< 2.4 

<.035 
< 1.3 

<.052 

TN 

<.049 
< 3.0 

<.039 
<0.74 

<.030 

TN 

<.057 
< 5.3 

<.04't 
<0.85 

UG/G 

13 

UG/G 

13 

35 
2.4 

48 
1. 8 

1.2 

15 
0.91 

162 
3. 1 

1.5 

24 
2.2 

64 
l. 2 

MG/G 

MG/G 

<.073 UG/G 1.4 MG/G 

.37 
£5 

l.l 
40 

80 

.74 
45 

2.3 
44 

22 

.41 
3f:s 

1. 9 
37 

UG/G 

UG/G 

1.0 
68 

1. 9 
69 

30 

3.5 
210 

3.0 
57 

41 

1.9 
180 

3.9 
76 

UG/G 

UG/G 

<.077 
< 5.2 

<.076 
< 2.8 

.42 

<.11 
< 6.7 

• 32 
6.1 

1. 7 

< .12 
< 11 

.66 
lJ 

UG/G 

UG/G 

3.9 
0.27 

6.9 
0.25 

.22. 

4.7 
0.29 

16 
0.30 

.13 

6.5 
0.61 

MG/G 

MG/G 

50 UG/G 340 UG/G 1.7 UG/G .43 MG/G 


