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Anuiksl s of P')towri1c i11ye r sedimentts for rlpprox ima tel y 20 metal have
been mude us~iing ahui b'm ahimortilon spect rometr'y .;Jampleo prepa ration Inv~ok~ed
vxtract ion mi th "Maer and nitric acid. The rik or nrca 'urveveo exten'!cd from)
iKcv ltri%!~e to 41e I'mov ont, a di1h'ance of 96, rher mnile3.g

1)ata are presenteml for the follow lg metls aluminum, harium , c aimhim,
cal ciumn chi~)romiu m, coblmit, c'oppe r, Iron, lend, lith iu m, magne(Juiu, m angan ese.
nickel, pota,4. in m, slitver, nt rout iuim, vnn~aiiumn, and z.inc, A fLa aai~:vnes
%%ere ilso made for mercury.

L~end content wns highemt Ai the Wood row Wi sn and Haute 3101 Ilridgmn.
Unoppcr, chiroamiuam, and nickel convevItr~itons M. Woodrow Wil son Bridge anid
Pi scataway Creek appear to he assie iteNl with mijor waste t reatment plantst
ui~ ose outfallq ,.'re in the vicinity. Iligh ansm~ntrationE. of nmangamnese woro
found in an undeveloped section of Wec rm t-r.
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In ordvr to O'~ :luatv the efflect of thet actIitieti of the Navatl ( )rinince
staItloI lit Ind~ianh Hecadi, Md. , on the Potomac R~iver lVtua.r%,. a sotiov %%:vs mnaih
of the, %ati-r and si'edinieftm of the Io%%vr ri~ er. pn rticul atr] V Wii ;v.'ervoct' to
Ilea%. v meI talIs. T%% 4 ) 14.r it, t of s 'i lijijont s ;iIItI -Ies -. ere antia Iv/e' Ifor ;iI p troxiii te11v I
20 metalsB and~, for those sampl'Iing lomiAt ons it Muc.h m' na rkit .a rhat :on toinc rtals~

content %%it., noted. a thi rd He, of sanylemt %%a i8'nalyzedl for certain critical

m otai18.

Prev iou s wo rk on v. aie r so in p1 es from airea s adjacwent to the Navual O )rd -

nance Station had indicated that, A hi~v, lin most cast's, the anioumnt of heavv
metals In the estuary water %kas loA4, at bu ildup of sty-h miet a? In inthe rivyet b ottorn
was t (disti(nct possibility.

B1ceitso of the ocilSCor iIIa(1 not ion of the %% ate-r uinder the Influences of
(idil forces, sampling locationii ranged liomn Key Bridige (216 milies ups reami)
to Pi1ney Point (,;P am lls downmst reamn). The sect ion of the P'otomaac Ri ver
upst reaim fro~m Indian Hetadl to Key Br idge is tidal bu1t conitains rel at ive (iv fromh
water. Tho~ transit ion 7oflC fromt fr'esh to brackish water occurs IIn the region
from Indian hlead to the lout e 301 Blridge, A list of sampling stat ions ik given
lin Table 1.

Both water and sediment samrples were ee~l ectced by persornnel of the
Chesapeake ILnhorsilory of the Environmni-tal Protec~tion Agency. Surface
gamples for chemical :mnalynis were taken 1by dlipping a plas4tic bucket it ifirge
funnel Into the r'iver water with a ninh'irnumt of agitation. W~ater sa mple"s weore
stored In I -galIon pl ast ic 'cubi tune r., " Bottom sanmpl es %% ere taken usming it
plastic \Van Porn samnpler. limes.' %tere stored In I -pint glass Jars with screw
Cape.

To dleterm ine It a seasonul eifect existed, one set of sanip'.es walm takc~n
In August 1970 and atiothor In Decemober 1970. For sampling stations where
marked differences In mettals concentritticn oc'curredl, it third secrieR of sanmples
was taken Pi April 1971. While primary Littirest wan In the (oxic- metal s such
an lead, copper, chrominum, mercury, nickel, cobalt, s~ilver. manganese, zinc,

and vanailurn, variouit other mettalt mv'. re al so determnine(W. These Included the
following alkali and al kualine earth el i'eni I9 lithf uni, pot; sm mm, itmagat's unm,
calcuium, barium, annd strontium. Iron and aluminum were also determnn ed.
Since ther'e Is Intrusion of salt %~unter Into Met. estuary, It was thought that sodium



v~it .t %%mild 7p.'t !v pa1rt it ular v: ~'invanrh~fdl. A m~I)i)Qbr of cieet ('r(rtestcied fo'r
it 10 h''E'te~ 44o)7t'4l %%k'rt I'mUiII ') Ile t(!n'i Th'),w' ~r 14PU'( presviit In ,I

i'iiut ~ lwt '~ 41 'i~ he (ietvC lo 111nuI li r Oil, ýmt! ta:,I nethollm utimu. Iho-se
wilue a r.4('r1 c .hmum, tin, tL~ainsut h. 11W1  iII'lemiI, anfhnon13UF, I)()cull

Ittilntimmuttig.II. tugv,avid /irconaut.i.

SAMPIING LO)CATIONS

'I Ifl1 .4. 41, n No~ I e ,- I'n I m haln 1'ro
t

ie- 1 fe r,,n tnt an it, -I'

I A4 1 I( hri'ag 3)Ph l 41) .;9 2

2 4th Street 1 ridge 1)1 .24 T7i
11sttan , 1 print 7 ,0 21 40
IItetI v'Jor it, (10 '20 61

5%i loon Btridge 12 W( .1 I' 'i)

'IIt, nad I reek 15 2')* 5 40

( reek 22 30 U~.)
taIfolloing I")Itt ", 90 : 3 70

0Indian IlI-A 30 60 0 0(
I Il'iqurnI l"'Int 111 00 .7 W

12 Sin-IV ' oint 4. .50 .1j 10
13 Smnith 11 Pint 44 0,0 .14 20
14 'tar$Iurid Point 52 40 .2.1 AO
is NanjpmV(reek 5A 55 .27 ON
ISA klthias 11Pint (3 7$ .33 Is
14 Route. 1411 lDri 1M 4? 43 .:11; 0
17 .Mirehnitil ( r~ev I.N 41 -42 AS
Ih t'ettll WIt"Iutn 0ih,lod 76 60 .44 00
IRA %I, .ah of %%ocin 1EflI W' ie' r ()( I) ..1I 40
20 Ki~ngcia(o&w " Pintt9 25 1.
It RAli..ht Polnt 115 42 -41

22 PIneV P' Pint 111 to 1 .40 60
2.1 1

1omnt i.ý.)Wut 107 41 .76 &1
24 81111th Po4int lif 1 Ot' 0.7, 40

P5Ioint I ip.ok 0t I' 4 15 14 13

It Ill knlo WI) (hait I )iany hieavy nietati o tre (It rernel toxic to m~arine lif(e,
A I let of the range o)f c~incentrsatin (itl o the moro comamon metals n hich have
toxic effilds on manrine' life~ in givenf iI Table 11. (1) These vailues do not allow
fnr nytlergnic etL ffec(',2 or pma3SlbIO ()Icncent ration Nfet~ith In (the various8 footd
Chn in a4,
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A. 411 o I I1, 0

AIs. t. 1 I wit r ill 111 1,;

. ,m - mA.1 41 i 44 to~ :.5

1I 0s 4 'l

Ite~r Ag to(i i~I4

' i tS ~~, ,.,. .81,k 'p.81 h, ki~ha . ol NMl h. ..... I A I 10-U,'m'~m .,P,.na a,' 44 A.

'11l he tomjik obso(rptionf nulthodf of *itllss"il(8h Ii~ llh used wwlfor Ill~ is crk lIs
,nUCh morIe 8 4ns8itive ()r soniv f(twitIX1 thlAII for' 0*htPfl). A I 14t 0' thit 4I1tt4('t .11

Illt8IS gf'e'1 Ill Tahlc III.

To eIll

DETE' CTrION LIN.I I 'S OF' NI ETAI.S ANALYZ 1.1

I )Ii -AS I I'I A 6,o,,uf,it r p p fit I' btA 11-tjie'r

R) MIX) I N ani. pmn I I i-oothoon 0 A% 'm twil % Amflp 5 I xI 4,. TbLift p

At s~ilver 0 01 11 1 thi-im 0 01
h/I Altiminum 0 01i Mt ki~initiou"I 0 005
A .' Ar arrow Is 0 IMn Mooiganitso 01O
III Moron 35 0 %lot NIl Aatillnur 0 1
P&. Biralumn 0 4 N I Niu kNa 0 1)5
Fii' Bismuth 2 0 11h 1 poll ( 01

(a (all toiu0 () I ful AnII im. ny 2 0
I'd .Iiturn 01 he' tvl 0nI o'n~ui 5 a

CO (" phat I (Ii I sn Tin 5 0
1, r ('trornturn 0 011 8 r At r4mi lemI 0 1
Cu C iegiplor 0 03 V % ena.nn1im 0 1

to I rtin 0 01 \.' Tungslon 11 0
I1g, Mercury 6 0 7 n 7 Int 0 O(PI
K foItamatum 0 01 r/ III / .ruro 'nil Is 0

a' ~chaum41 0

.ail I..# U-1 all .. V* IAO In II) a
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ti tot i rt-!' I I t'i.' !', 1. 1
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(1115' C) for I hour. Cool and weigh (Wt. C). Calculate % organics
100(1%\t. C - Wt. IL/Wt. A. The (dried organic res~due can ::ow be used or
other te,,ts, such as infrared analysis and elemental analysis.

'71 Cnilect the residue from the icetone filtrat ion ,ashing into the
original boker wit" a minimum of acetore. Dry, cool, and wcigh (WVt. D).

(8) Add 30 ml of concentrated nitric acid to the sample and blank. Hleat
gently on a hot p;ate until reflux otarts on the ribbed watch glass. Allow to
heat at lea,;- 30 minutes.

(9) Cool ,lightly and filter by decantiaton through hardened filtered paper,

such au Whatm.an No. 50, MiNllpore Epoxy filtcr membrane, or Millipore
Versapcr filler r -mbrane. Wash the sides of the beaker down with a minimum
amounlt of uate add 10 ml of nitric acid, and het, 10 minutes. Repeat stcp (9)
at least Nice. lI the last filtrate is still colored, repeat the step a fourth lime;
any fuirther extractions are not deemed necessary. Collect and combine the
filtrates ard take to hiown volume (100 ml) with water. Apprepriate dilutions
are made of the ,cld extraction filtrates for analysis by atomic t, osorption
spectroscopy.

(101 Combine and collect the residues from the acid extraction into the
original beaker, dry, cool, and weigh (Wt. E). Calculi.te q acid soluble =
100(W6 . E - ,'t. ,)/Wt. A or, if steps ( ), (5), (C), and (7) ire omilte(:,

calculate '; acid solubles - 10(061t. E - Wt. A) W't. A.

Atomic Ahnorption Ar,•mysls Method:

All atomic abporpti-tn apectrophutometri, analyses were made using a
Perkin-Elmer M,,del 303 with direct digital readout. Setthi,,s ,s.-d for the
Individual metals were those recommended by the maanufacturer. A platinum-
titanium alloy nebulizer was used to minimize ,.ontamiinatlon '.n the presence of
the stiong nitric acid used as thc solvent.

"The starndard reference solutions were made lip in th,, same strength acid
as the samples. Three different standard Lsolutions Aecrn us.d: they were tho
following:
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Standard A 2 Standard B ppm Standard C

Ca(÷i%', La 20 3) 1 Ag 2
Cd 2 At 10
Co 2 Ba 2
Cr 2 Bi 2
Cu 2 K I
Fe 10 Ni 2
Li 1 Se 2
Mg I Sr 2
Mn I V 2
Mo I
Na 2
Pb 2
Zn 1

The three different standard solutions were u:;ed instead of one standard

for each metal. Tests showed the addition of 1'i I.a20 3 for the determination of
calcium affected the measurement of so no of the metals- standards for those
metals affected were made separately and labeled as Standard B. Silver standard
wan used alone as Standard C: some of the standard solutions, such as barium,
sodium, and potassium, ewere *lic chlorhi'e salt, which would have precipitated
the silver.

Dilutions of the initial 100-ml extraction volume (labeled Series A) were
made where necessary. It was found that two series of 1- to 25-ml dilutions
(final dilution factors of 2500 for Series B and 62, 500 for Series C) allowed
measurement of all 21 metals. (Only 19 metals were found In measurable
quantities. )

Calculations were based on the weight of the dried sa'iple. VWhere
applicable, the parts per million (ppm) were converted to percentage by multi-
plying by the factor 0. 0001 (1 x 10-4).

Total i .. ,tal - (ppm In sample - ppm in blank) x dilution factor.dried sample wt. in grams

RESULTS AND DISCUSSION

Data for 19 metals for the varlots sampling itations are presented In
Table IV. These results were obtained from the ,ugust 1970 and December
1970 samples of sediment. After It was found thAt considerable variation
existed In the metals content for certain of the sampling locations, a third

0
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I
series of samples from these locations wis taken In April 1971 and analyses
made for toxic metals. These results are shown In Table V. A map of the
Potomac E.stuary showing the sampling points Is given in Figure 1. Graphs of
the co•centrations of 18 of the metals at the various sampling locations are
presented In Figures 2 through 19.

iExamination of Table V reveals the following significant pieces 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
deositior to occur. Sources of lead may Include the red primer paint coat
and particulates from the combustion of loaded gasolines.

12) Copper, chromium, and nickel concentrations at Woodrow Wilson
Bridge and Piscataway Creek appear to be associated with major waste treat-
ment plants whose outfalls are in the vicinity, Locations of these planms are
shown !n Figure 1.

(3) The spectacular rise In the copper concentration at the Route 301
Bridge Is believed to be caused by the startup of a commercial power plant in
the vicinity.

(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 1970. This may have boon caused by
hi * -flow conditions during February and March of 1971, bringing about a
more even distribution of metals dnwnstream from Woodrow Wilson Bridge,

(6) The erratic behavior of calcium Is believed to be due to processes
Involving intrusions of more alkaline water from Chesapeake Bay, transfer
from the atmosphere, and variation in uptake by shell-for, ing organisms.

(7) There are significaont inereases In lead, cobalt, chromium, cadmium,
zinc, nickel, silver, barium, aluminum, iron, and lithium in the area near
the Woodrow Wilson Bridge In comparison with levels measured above and
below 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 ptl, redox potentiM, or chemical composition in the region of the salt wedge
Intrusion. Sedimentary processes involving precipitation and dissolution of
manganese compounds are known to be highly complex and have been discussed

7
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in the geo'chemiczl lIterature. It may be that the location of the high manganese
sediments merely revresents one stage in the ultimate transport and deposition
of manganese to the ocean depths.

I'recipitation processes involving manganese In the marine environment
have been discussed by Kuenen. (3) lie states that while bacterial aetivity In
the precipitation of man .inose connot be ruled out, it is likely that gradual
oxidation of manganese In an .-i4aline environment leads to deposition. While
manganese in the source rocks has an average valse of 0. 171, It comprises
only 0. 01% in continentrd sediments and Is apparently leached out and carried
to the sea in solution.

Sedimentary processes affecing manganese have been discussed by

Krauskopf. (4) Two species of bacteria have been found which prefer manganese
to Iron and these aid in the precipitation of manganese. The precipitation of
manganese is known to be catalyzed by manganese dioxide. These processes
explain the partial separation of iron and manganese in deposits from lakeL
and streams. Manganese carbonate and oilicnte are slowly soluble In weakly
acid solutions; the uxides are stable under oxidizing conditions but dissolve in
a reducing environment. t'-ce it h,, ion dissolved, manganese dioxide pre-
cipitates by a slight change in con(1, .. Krauskopf believes that thh, explains
the small inanganeso accumulations In residual clays iind stream channel deposits.
The manganese dioxide precipitated in shallow water sediments is unstable
because organic matter reduces It. Possible compounds of manganese are too
soluble to remain In contact with sea water t'ider crdinary conditions and,
therefore, manganese supplied to the sea by streams gradually migrates to

deeper water where the organic content is too small to keep manganene dioxide
reduced.

Some implications for the Potomac Estuary may be found In the study of
,he distribution of metals In the bottom sediments, water, tubiflcid worms,
clams, and fishes of the middle Illinois River made by Mathis and Cummings. (5)

They found that, except for sodium, the concentrations of extractable metals
were substantially lower in the water than in the sediments. The greatest dif-
ference In concentrations between sediments and %katcr was obtained for copprr,
nickel, lead, chromium, zinc, cobalt, cadmium, and lithium. The metal con-
centrations In the bottom sediments of the Illinois River were, In most cases,
significantly different from those of the three nonindustrial use sti earns. Those
substantially higher in the sediments of the Illinois River Include: copper,
nickel, calcium, lead, chromium, zinc, and cadmium. Iron and cobalt were
somewhat higher in the nonindustrial use s.reams. Except for lead, copper,
and cobalt, which were higher in the Illinois River, metals concentratione
were similar for the water 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 sediments more closely than did the
fishes. Noncarnlvorous fishes had significantly different concentrations of
copper, nickel, Iron, chromium, and zinc than carnivorous fishes, with the
noncarnivorous fishes exhibiting the higher concentrations of thc.c metals.
Mathis and Cummings' results indicate that studios should be made of the long-
range effects of metals accumulation in the bottom sediments on the biota of a
region.

In conjunction with the rvpansion of the lilue Plains Fewage treo ment
plant and proposal. for dredging in tLiat area of the river, additional informa-
tion was desired on heavy metals concentrations in the vicinity of Goose Island
(FI.i•re 20). While the data obtained (Tahble VI) givet a more detailed picture:
of metals concentrations In the sediments of a restricted area, a comparison
of these results with the summary of toxic meftals content of the sediments
for the lower Potomac River (Table V) indlicates that, for most of the metals,
ranges in the river and at Goose Island are not significantly differ.,nt. In the
case of manganese, however, values at Goose Island (range, 200 to 1186 ppm)
were lower than for the river sampling stations from Woodrow Wilson 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 %hile those' for the sampling stations
surrounding Goose Ihland were from 0.5 to 13 ppm. The highest value was
obtained at the Blue Plains Channel and is evidently associated with treatment
plant effluents. The ron;zns for the high concentrations of mercury In the
sediment3 around Goose Islaod and the long-term effects of such concentrations
need to be Investigated.

To determine if there were local virlations in the metals concentrations
of either the water or the bottom sediments, samples of both were taken at a
number of locations around mid adjacent to the Naval Ordnance Station at Indian
ieand. Indian fiead Is 30. 6 river miles below Chain Bridge and, therefore, any
anomalous effects experienced In the metropolitan Washington area bhould hase
disappeared by the time the Oiver reaches this area. Sampling locations are
shown In Figures 21 and 22.

Analysis of the water samples Indicated that chromium, cobalt, cadmium,
tsra.enlc, and silver wore below the detection limit (Table VII). The range of
manganreso 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

9
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Ilumpy Oak Road, a location In the nontidal portion of the creek. Its presence
here is evidently from agricultural runoff and possibly from lead particulates
from the air.

kioth vater and sediment samples from the Indian Head area were analyzed
for the anions fluoride, chloride, and perchlorate. Chloride was higher in the
water samples %hile perchlorate and fluoride appear to be higher in mud samples
A and A-I ol itpril 1970 'rTe VIII). In most -"ases, there is no buildup of
fluoride or perchlorate In the sediments. These two anions may occur in certain
process streams and, since both calcium fluoride and potassium perchlorate
ar. only slightly water-soluble, the fate of these two ions was of Interest.

Examination of the results of the Indian liead sediments analyris for
metals (Table IX) reveals that there has been extensive buildup of lead in the
sediments adjacent to the areas where for many years propellants and other
waste materials 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 cadml,',n and arsenic in most samples,
and the erratic behavior of calcium.

In conclusion, it Is apparet that while most of the metals present in the
sediments are chemically bovnd and require both heat and low pit to convert
them to soluble form, disturbance of the sediments-whether by turbulence,
dredging, changes in chemical and physical environment, biological activity
of organisms, or other factors-may Induce redistribution and partial solution
of some of these metals. Since a number of these metals are highly toxic,
the long-term effects cannot presently be determined. It is highly desirable
that further studies, particularly of the fat, of lead, manganese, and several
other heavy metals, be undertaken to elucidate the mechanism of metals depo-
sition and dissolution in the estuarine environment.
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Table IX

SU"P\IARY OF TOXIC ,METALS CONTENT OF SEDIMEN'TS AT
NAVAL ORI)NANCE STATION'

Mud sample? te sampled Concentration Mried srmJ•'41 I jj)

Ph 7n 1'%In Fj-(-7-ThcjL 41jjE ..1'T
Miltawomn Creek

A 3 1670 256 373 30 22 16 * A5 .1 0
11 3 16 70 1776 162 33 22 20 22 0 . t
A 4 16 70 431 197 65 36 72 29 2 -. 2
A-I 4.16'70 222 270 28 1A 7A 14 5 .*

A-2 4/16/70 0 49 20 14 14 1 4 4 .3
a 4/16/70 562 63 16 a 15 5 1 o) 1

-1 4C 16/70 600 91 75 9 120 i1 I -1

B-2 4/16/70 120 16 4M A 0 f * .3 *
C 4/16/70 1 36 73 7 * 36 2 .1 1
C-1 4/16/70 1498 115 66 13 595 0 1 .1 0

C-2 4'11670 10 II 44 4 0 5 2 ) 0
tstatio 10-.5-0 5/19/70 19 75 62 21 16 28 0 7 .1 *

StatIon 10.B-0 6 10/70 55 254 6,4 37 37 16 0 8 .* 20
stMton 10-8-0 7,1/70 56 219 642 24 66 14 I 4 -) II
27 12/8-0/70 0 335 104 0 2 4 0 I 0
is 12/8-9/10 203 40 127 6 34 7 * 3 1
29 12/A-9/70 737 153. 472 47 742 12 20 36 28
30 12/8-9/70 14 14,3 113 14 56 a 0 20 3

31 12/8-0/1-0 139 1006 435 IS 41 12 0 36 5
32 12/8-9/70 0 35 56 2 7 4 0 3 1207
33 12/11-9/70 0 55 51 * 2 2 0 I 1

Potomer River

statlon lO 5I 9/70 50 295 102 43 44 47 22 2 1
stat1o. I1 1/l9/70 50 277 100 35 42 47 I. 1 ., 0
stiotnO 10 4'10/70 60 331 1687 50 52 24 0 6 44 4
Station I1 6/10/70 64 is 1740 44 52 22 0.8 -, 3
Nation 10 7/8,70 *4 75 425 16 26 6 0 t1 I
tatblop 20 8/11-20/70 36 239 1580 26 46 14 0 i2 3

staMbog II 6/16-20/70 36 256 1710 26 48 is • 24 3
Statlon i1 12/8-9/70 60 604 651 62 31 21 0 0 2 i9 36
Station 11 12/1-9/70 5 209 1398 21 14 Is 0 15 2

*O *.a#Mftb~u. b.4. d.•I.. 1.E .uI, bedJ se k6• @00 fl~

2t.m9
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