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FOREWORD

The work described in this report was funded under Naval Ordnance Station
Joh Order 6603650 as part of the survey of possible pollution effects on the
Potomac Estuarv,

Sample collection and some technleal support were provided by personnel
from the Chesapeake Laboratery of the Environmental Protection Agency at
Annapolis, Md.

The nuthors wish to express thelr appreciation to Mrs, Phyllis Wheceler
of cur laboratory »*~o performed some of the analvses and to My, Johan A, Aalto,
Director, Dr, Donald Lear, and Mr. Thomas Phelffer, of the Chesapeake
Laboratory, who reviewed the manuscript and offered helpful <u gestions,
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ABSTRACT

Analyses of Potomze River sediments for approximately 20 metials have
heen made using atomic absorption spectrometry, JSample preparation involved
extraction with water and nitvie actd,  The river avca ~urveved extended from
Key Rridice to Pinev Point, a disrance of 96 river miles,

Data are presented for the following metals  aluminum, barjum, cadmium,
calcium, chromium, cobalt, copper, tron, lead, lithlum, magneciury, manganese,
nickel, potassium, sitver, strontium, vanadium, and zinc, A fus analvses
were alro made for mercury,

Lead content was highest at the Woodrow Wilson and Route 301 Dridges.
Copper, chromium, and nlckel concentrations ot Woodrow Wilson Bridge and
Plscataway Creek appear te be associsted with major waste treatment plants
whose outfalla -ire tn the vicinity, High sonceatratione of manganese were
found in an undeveloped section of the . »r,

vil
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INTRODUCTION

i1 order to evaluate the effeet of the activities of the Naval Ordnance
Station at Indisn Head, Md., on the Potomac [iver Estuary, a study was made
of the water and sediments of the tower river, particalarly wiih ieterence to
heavy metals, Two series of sediment sgamples vere analyzed for approxanately
20 metals and, for those sampling locations al which marked variat:on in mctals
content wag noted, a third se. of samples was amalyzed for certain eritical
motals,

Previous work on waler samples from areas adycent to the Naval Ord-
nance Statton had indicated that, while, {n most casea, the amount of heavy
metals in the estuary water was low, o bulldup of su-h metals in the river bottom
was 1 distinct possibility,

Beeause of the oscillatory motion of the water under the influences of
tidal forces, sampling locatlons ranged from Key Bridge (26 miles upstream)
to liney Point (58 miles downstream), The section of the Potornac River
upstream from Indian Head to Key Bridge [s tidal but contains relatively fresh
water, Tho transition zone from {resh to hrackish water occurs in the region
from Indian Hend to the Koute 301 Bridge, A list of sampling stations I8 given
in Table 1.

Both water and sediment samples were celiectad by personnel of the
Chesapeake Labora‘ory of the Environmental Protection Agency. Surface
samples for chemical analysia were taken by dipping a plastic bucket w urge
funnel Into the river water with a mh:tmum of agitation, Water samples wore
stored [n l-gallon plastic "cubltainers,” Bottom samples were taken using n
plastic Van Dorn sampler, Theso were stored in t-pint glass jars with screw
caps,

To determina If a seasongl effect existed, one set of sampies was taken
in August 1970 and another In December 1870, For sampling stations where
marked differences In metals concentration occurred, o third serier of samples
was taken [n April 1971, Vhile primary laterest was in the toxte metals such
as lead, copper, chromium, mercury, atckel, cobalt, silver, manganese, zine,
and vanadfum, various other metals were also determined,  These included the
following alkall and alkallne ecurth elements  lithium, pot: aslum, magneslum,
calelum, barium, and strontium. Jron and aluminum were also determined.
Since there is Intrusion of salt water into the estuary, It way thought that sodium
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vinues would nod be particudarly meananful.
i the sediment saoanfes were tound ‘o he (ther ahasen

3

concertrstion betow ‘he detection Himist tor the anatyticnl
arseme, sclemum, tin, basmuth, molvhdenum, antimony, bocon,

mchude

Lanthanum, tunygsten, and Zicconna,

Clatorn

>

- DX e T o be = e

=
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15A
18
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I
180A
20
21
22
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9
24

I ation

poniws v aum e -
hev Brudge
Hetcher s Jouthoune
J4th Street Brodge
Ha:nan Point
Believue

froad Creek
Piscatawsy Cresk
[xgue (reek
Mallowing Point
fnidion Head
Posaum FPoiat
Sndy Pomng
Smuath I oant
Maryland Point
Yanjemoy ( rerk
Mathiae Piat
Route 10] Rridge
Machadoe ( revy
hettle Bottom Shoals

Kingcopiseo ' nnt
Ragged Point
Piney Punt

Point § ookout
Smith Point

Point Lookdut

Womdrow Witeon Rridge

Mouth of Wicomico Rover

Table 1
SAMPLING LOCATIONS
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A number of elements tested for
owere preseot in i

These

Miles froun Ind an He o

Te s wprtrem

e RIYAN Sas

It 18 knoan that 1vany heavy metals nre estremely toxic to marine life,
A Hat of the range of concentrations of the more cemmon metals which have
toxle effects on marine Hfe t8 glven in Table 11 (1) Thewe values do not allow
for gynergirtie effecis or possible concentration effe ta In the various food

chains,
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The atomic abserption method of analysis which wag used for thig v ork is

much more sensitive lor gome metals than for others,
Limity I8 glven fn Table I,
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Table {1

DETECTION LIMITS OF METALS ANALYZLED

Name

Rilver
Alyminum
Araenic
Roron
flarum
Miamuth
aloium

( admitum
Cabalt
Chromium
Copper
{ron
Mercury
Potasstum
1 snthanum
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ASAEY PTO AL A s

Soace oy strular b pree edires were gty b te tor the preparatiom of the
Sl erl aargdeas et b s el o it na Pepn pretaratom of sampies
o tenaeal analvsr cwogt bee nsen! frre methoed g deseried e Cow . Alter
e et b had Been ronoved trom the swodement s onpeleas cach mamale was

At sl e approvim ety Coometale vang atoanae sheerption spectins o

Porepar ation and 1o dre Dap Anads s of Rediment Synples
amrme e B Bie e SR o WL PRt A E e e ST W e ——— - g« g P T T N e e i

() Dey aperovamately 35 grams of the wet sample in v forced deatt aven,
or connvatent, at e avmam femperature ot 10 U0 Grewd the deed ceepde
i a mortar and pestte unnl fire, opprosimoateny 30 mesh, atter discarding Lacge

pechles, twigs, sells, bugs, ete,

) Quarrtes the wample ot Teast twice, and teansler o portien it a
wendhied 100amlb beaker,  Rewetgh o A), Somnle shonld be abeat 2 erames,

CH 1 org e materid determmation is not desieed, proeeed to step v)

(O AL 30 mi of double distiled or derwmzed water ta the sample and to
a hlank,  Boil gentiv 10 minutes, cool, and filter by decantation thiough tine
paper,  Repeat twice more with 1ooml of water, usangg at Teast W0 mb ol water
I the Dant (ltrate shows any color, repeat wath o theed 10-ml alvot of water
Coltect and combine filteates and take to voiume in o 100.ml {Lask,

() Collect the residue, washing it into the origans] beaker with a mind-
mum amount of wiater.  Dres fn the oven, cool, and weeh (W IO, Calevlate
owater solubles 2 100N, A W D W N Carrect for weight Toss or iin
on the Ylank | ~aker, :

" T the deied aample atil! in the orgnnatl heaker, bl 20 ml of rweetone
Stie to wet all the sample, and allow to stand at Feast 30 minofex with frisgaent
atirring.  Filter by decantation through fine (ilter paper, Repeat until no color
in ohnerved in the filtrote—at leant three washings,  Combine the filteates in

weighed eruciblon,  Air drey until viaibie . stone i gone ar ' then in the oven

Best Available Gopy
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(1057 ) for 1 hour. Cool and weigh (Wt. C). Calculate b organics =
100(We, ¢« Wt B,/Wt. A, The driled vrganic res.due can ow be used for
other tegts, such as infrared analysis and elemental analysis,

(71 Collect the residue from the acetone filtration washing into the
orginal beaker witt a minimum of acetore, Dry, cool, and weigh (Wt. Dj.

(8) Add 30 il of concentrated nitric acid to the sample and blank. Hea:
gently on a hot piate until reflux utarts on the ribbed wateh glags. Allow to
heat at leas: 30 minutes.

{9) Cool slightly and filter by decantation through hardened filtered paper,
such ags Whatman No, 50, Millipore Epoxy filter membrane, or Millipore
Versapcr filter 1 »mbrane. Wash the sides of the beaker down with a minimum
amount of wate  add 10 ml of nitric acid, and heat 10 minutes. Repeat step (9)
at leant tw.ce, If the lnat flltrate (s still colored, repeat the atep o fourth lime;
any further eatractions are not deemed necessary, Collect and combine the
filtrates acd take to kmown volume (100 ml) with water. Apprepriate dilutions
are made of the wcid extraction filtrates for analysis by atornic rosorption
spectroscopy,

(10 Combin2 and collect the residues from the acid extraction into the
original beaker, dry, cool, aad weligh (Wt. E). Calculi.te T actd soluble =
1000\Wr, E - Wt D)/Wt, A or, if steps (4), (), (€), and (7) are omlitec,
calculate 4 acid solubles = 100(°Vt, E - Wt, A)'Wt, A.

Atomic Abrorption Aralysis Method:

All atomic abeorptl~n spectrophutometrio analyses were made using a
Perkin-Elmer Mnadel 303 with direct digital readout, Setthngs veed for the
Individual metals were those recommended by the manufacturer, A platinum-
titanlum alloy nebulizer was used to minimize contamination !n the presence of
the atrong nitric acid used as thc solvent,

The standard reference solutions were made np in th> same strength acid
as the samples. Three different standard solutions were usud: they were the
following:

R, W

D ATy



IHTR 355
Standard A ppm Standard B ppm Standard C ppm

Ca(+it Laj0y) 1 Ag 2
< 2 Al 10

Co 2 Ba Z

Cr 2 Bi 2

Cu 2 K 1

Fe 10 Ni 2

Li 1 Se 2

Mg 1 Sr 2

Mn 1 v 2

Mo 1

Na 2

Pb 2

Zn 1

The three different standard solutions were used instead of one standard
for each metal. Tests showed the addition of 1'% 1.a;04 for the determination of
calclum affected the measurement of 80 ne of the metals; standards for those
metals affected were made separately and labeled as Standard B, Sliver standard
wan used alone as Standard C: some of the standard solutions, such as barium,
sodium, and potassium, were the chlori'e salt, which would have precipitated
the silver,

Dilutions of the initial 100-ml extraction volume (Iabeled Serles A) were
made where necessary, It was found that two serles of 1~ to 25-mli dilutions
(final dilutton factors of 2500 for Series B and 62, 500 for Series C) allowed
measurement of all 21 metals, (Ounly 19 metals were found in measurable
quantitics,)

Calculations were based on the weight of tha dried sa-aple, Vhere
applicable, the parts per million (ppm) were converted to percentage by multi-
plying by the factor 0, 0001 (1 x 10~Y,

(ppm in sample - ppm in blank)

dried sample wt, in grams x dilution factor,

Total | ..otal =

RESULTS AND DISCUSSION

Data for 19 mctals for the variovas sampling stations are presented in
Table IV, These results wore obtained from the August 1970 and Decomber
1970 samples of sediment, After it was found that conslderable variation
exiated {n the metals content for cortain of the sampling locations, a third

’ T
ot g S b iseits SR at il il s s ” [P
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serlos of samples {rom these locations was taken in April 1971 and analyses
made for toxic metals, These results are shown {n Table V. A map of the
Potomac Latuary showing the sampling points {s given in Figure 1, Graphs of
the concentrations of 18 of the metals at the various sampling locations are
presented In Flgures 2 through 19,

Examination of Table V reveals the following significant pleces of infor-
mation:

(1) Lead content is highest at the Woodrow Wilson and Route 301 Bridges,
both of which carry heavy traffic loads. The latter bridge has been in operation
at least 15 years longer then the former so there has been more time for lead
deposition to occur. Sources of lead may Include the red primer paint coat
and particulates from the combustion of leaded gasolines,

{2) Copper, chromium, and nickel concentrations at Woodrow Wilson
Bridge and Piscataway Creek appear to be assocliated with major waste treat-
ment plants whose outfalls are In the vicinity, Locatlons of these plans ars
shown !n Figure 1,

(3) The spectacular rise in the copper concentration at the Route 301
Bridge Is belfeved to be caused by the startup of a commercial power plant in
the vicinlty,

(4) The high concentration of manganese at Smith Point in an undeveloped
section of the river was unexpected and may be due to precipitation at the salt
intrusion in the deeper part of the river in this area,

(5) For the metals measured in April 1971, the concentrations were
lower than in August and December of 1870, This may have been caused by
hi * -flow conditions during February and March of 1971, bringing about a
mote even distribution of metals downstream from Woodrow Wilson Bridge.

{6) Tha erratic behavior of calclum s believed to be due Lo processes
involving intrusions of more alkaline water from Chesapeake Bay, transfer
from the ntmosphere, and varlation in uptake by sheil-forr ing organisms,

(7) There are significant Increases in lcad, cobalt, chromium, cadmium,
zinc, nickel, silver, barfum, aluminum, Iron, and lithium in the area near
the Woodrow Wilson Bridge in comparison with levels measured above and
helow this area,

The high values of manganese found in the sediments between 40 and
70 river miles below Chain Bridge may be related to changes in such factors
as pH, redox potentizl, or chemlcal composition in the region of tha salt wedge
intrusion, Sedimentary processes involving precipitation and dissoluticn of
manganese compounds are known to be highly complex and have been discussed

E’&"ﬁa&wiwa‘wﬁwmww‘ . N e _ _
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in the geachemical literature. [t may be that the location of the high manganese
sedimeuts merely represents one etage in the ultimate transport and deposition
of manganese to the ocean deptha.

Precipitation processes involving manganese In the marine environment
have been discussed by Kuenen, @) e states that while bacterial activity in
the precipitation of manganese cannot be ruled out, it Is 1ikely that yradual
oxidation of manganese in an alkaline environment leads to deposition. While
manganese in the source rocks has an average valae of 0, 17%, it comprises
only 0,01% in continental sediments and Is apparently leached out and carried
to the sea in solution,

Sedimentary processoca affec.ing manganese have been discussed by
Krauskopf, 4 Two species of bacteria have been found which prefer manganese
to iron and these ald in the precipitation of manganese. The precipitation of
manganese {8 known to be catalyzed by manganese dioxide. These processes
explain the partial separation of iron and manganese in deposita from lakes
and streams, Manganese carbonate and silicate are slowly soluble In weakly
acld solutions; the uxides are stable under oxidizing conditions but dissolve in
a reducing environment, Owce it he  =on dissolved, manganese dioxide pre-
cipitates by a slight change in condi. .. Krauskopf believes that this explains
the small manganese accumulations {n resldunl clays and stream channel deposita,
The manganese dloxide precipitated in shallow water sediments Is unstable
because organic matter reduces it. Possible compounds of manganese are too
soluble to remaln In coutact with sea water vader crdinary conditions and,
therefore, manganese supplied to tho sea by streams gradually migrates to
deeper water where the organic content is too emnll to keep manganese dioxide
reduced,

Some implications for the Potomac Estuary muy be found in the study of
vhe distribution of metals In the bottom sediments, water, tubificid worms,
clams, and {ishes of the middle fllinois River made by Mathis and Cummings. (5)
They found that, sxcept for sodium, the concentrations of extractable motals
were substant{ally lower in tho water than in the sediments, The greatest dii-
ference In concentrations botwaen scdiments and watcr was obtained for copner,
nickel, lead, chromium, zinc, cobalt, cndmium, and lithium, The metal con-
centrations In the bottom sediments of the lllinois River wero, In most cases,
significantly different from those of the three nonindustrinl use stzeams, Thoso
substantially higher in the sediments of the Nlinois River Include: copper,
nickel, calcium, lead, chromium, zinc, and cadmium, Iron and cobait were
somewhat higher in the nonindustrial use s.reams, Except for lead, copper,
and cobalt, which wero higher in the lllinols River, metals concentrations
were similar for the wator of both the river and the nonindustrial streams.
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The authors reported that organisms such as clams and worms, which
live in the mud or at the mud-water interface, showed the highest metal con-
centrations of metals found in the bottom sedinments more closely than did the
fishes. Noncarnivorous fishes had significantly differeat concentrations of
copper, nickel, Iron, chromium, and zinc than carnivorous fishes, with the
noncarnivorous fishes exhibiting the higher concentrations of these metals,
Mathis and Cummings' results indicate that studies should be made of the long-
range effccts of metals accumulation in the bottom sediments on the biota of a
reglon,

In conjunction with the rvpansion of the Blue Plaina sewage trea ment
plant and proposal, for dredging in that area of the river, additional informa-
tion was desired on heavy mctais concentrations in the vicinity of Goose Island
{Fleure 20). While the data obtained (Table V1) give a more detailed picture
of metals concentrations in the sediments of a restricted arca, a comparison
of these results with the summary of texic metals content of the sediments
for the lower Potomuac River (Table V) Indicates that, for most of the metals,
ranges in the river and at Goose Island are not significantly different. In the
cnse of manganese, however, values at Goose Island (range, 200 to 1186 ppm)
were lower than for the river sampling stations from Woodrow Wilgon Bridge
to the Route 301 Bridge (range, 918 to 4768 ppm),

The levels of mercury found for three stations further down the river
range from 5 to 26 parts per billion while those for the sampling stations
surrounding Goose Island were from 0.5 to 13 ppm, The highest value was
obtalned at the Blue Plains Channel and is evidently nssociated with treatment
plant effluents. The reascna for the high concentrations of mercury in the
rediments around Goose Istand and the long-term effects of auch concentrations
nced to bo investigated,

To determine {f therce were local variationsa in the metals concentrations
of either the water or the bottom sediments, samples of both were taken at a
number of loeations around and adjacent to the Naval Ordnance Station at Indlan
Head. Indian Head {8 30.6 river miles below Chain Bridge and, thesefore, any
anomalous effects experienced in the metropolitan Washington aren should have
disappeared by the time the viver reaches this area. Sampling locations are
shown In Figures 21 and 22,

Analysis of the water samples indicated that chromium, cobalt, cadmium,
arsenjc, and silver were below the detection limit (Table VII). The range of
mangari¢no was 0 to 0,9 ppm, of copper 0 to 0, 40 ppm, of lead 0 to 0,2 ppm.
Lead was found to the extent of 0.1 ppm in the water of Mattawoman Creek at

-
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Bumpy Oak Road, a location in the nontidal portion of the creek. Its presence
here is cvidently from agricultural runoff and possibly from lead particulates
from the air.

both water and sediment samples from the Indian Head area were analyzed
for the anlons fluoride, chlortde, and perchlorate. Chloride was higher In the
water samples while perchlorate and fluoride appear to be higher in mud samples
A and A-1 of april 1870 (Talle VIIN). In most enses, there 18 no buildup of
fluoride or perchlorate In the sediments, These two anlons may occur {n certain
process streams and, since both calcium fluoride and potassium perchlorate
are only slightly water-soluble, the fate of these two fons was of intorest,

Examination of the results of the Indian Head sediments analysis for
metals (Table IX) reveals that there has been extensive buildup of lead in the
scdiments adjacent to the areas where for many years propellsata and other
waste materinis have been destroyed by burning. Other results different from
those of the other areas of the river are the genorally low levels of manganese,
the presence of detectable amounts of cadmir'n and arsenlc in most samples,
and the erratlc behavior of calclum,

In conclusion, it I8 appurcnt that while most of the metals present in the
sediments are chemically bound and require both heat andlow pH to convert
them to soluble form, disturbance of the sediments—whether by turbulence,
dredging, changes in chemical and physical environment, blological activity
of organisms, or other factors—may induce redistribution and partial solution
of somoe of these motals, Since a number of these metals are highly toxic,
the long~term effects cannot presently be determined. It {s highly desirable
that further studles, particularly of the fate of lead, manganese, and several
other heavy metals, be undertaken to elucidate the mechanism of metals depo-
aition and dissolution in the estuarine environment.
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Table IX

SUMMARY OF TOXIC METALS CONTENT OF SEDIMENTS AT
NAVAL ORDNANCE STATION!

1 oncentration (dried sample) (pom
Mud sample Date sampled s 7n 1”'—\"‘"“ 'I-—cr—]'(:rl {-‘: Tmo—(%——l—:.'-—-[ e
Mattawomsn Creek

A 31870 258 m 20 2 18 ® 65 ) [
B 31676 1776 162 33 22 20 22 » 2D 1]
A 416 70 41 197 65 kI 72 29 2 R 2
A-l 41670 222 270 28 n " 14 [ .t v
A-2 4/16/70 ™ “w 20 14 14 e ] J e
s 4/16/70 582 (%] 16 () 15 ) 1 o 1
B-1 416/70 600 91 i 9 120 | n 1 R

n-2 4/18/70 120 16 44 ) ° # ® 2 °
c 4/18/70 18 3 7 7 ® 36 2 A |
C-1 4/16/70 1498 1ns 68 13 593 » 1 J )
c-2 1870 10 1 4“ 4 ° ) 2 R °
Station 10-B-0 8/19/70 19 il 8) 2 18 b1 07 J ®
$tation 10-B-0 6 10/70 88 254 C04 27 3 16 o R 10
Station 10.8-0 1/4/70 56 159 842 24 s 14 14 R n
£ 12/8-9/70 ° 315 104 ° ] ] ® ! .
0 12/8-9/10 203 40 127 ¢ 34 7 ° 3 1
2 12/8-9/10 737 | 1538 472 4 242 12 | 10 36 I8
3 12/8-9/70 14 143 1 14 56 » ® 10 3
3 12/8-3/70 139 | 1008 438 18 41 18 ] 26 s
L} 12/8-9/10 . LTS 58 2 7 4 ° 3 | 1201
9 12/8-9/70 ® 33 s1 ¢ 2 ] ° ] |

Potomac River

Station 10 $ 19/70 30 295 101 o “ | @ 12 R 1
Station 1} 5/19/70 50 217 100 3 2] @ 1.1 R °
Station 10 $710/70 €0 331 | 1687 50 82 | 24 oe | 44 4
Station 11 $/10/70 64 N8 | 1700 4“ s1 | 22 0.8 ) 3
Siation 10 1/8°70 " 7 428 18 18 ¢ ° 18 t
Statios 10 8/14-20/70 38 239 | 1580 26 4 14 ° 18 a
Mation 1) 8/18-20/10 3 258 | 1110 26 “ 18 ° 24 3
Station i1 12/8-8/10 60 604 €56 62 3 21 oot] 19 1)
Station 11 12/8-9/10 [} 209 | 1398 21 14 18 ° 15 2

19 0 coatentrsima Detow detectonn hundt (vivally e thaa 0 O3 ppont
Hocstons Govnsa gt | 21 ond )}
3t detonn vad
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