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ABSTRACT

We have obtained a large set of cores from the Hudson Estuary

covering nearly all of the ambient salinity range. A number of core

137C 134 - 60

sections have been analyzed for S, Cs, Co and 4OK'by direct

239,240, . o4 238pu by alpha-spectrometry. Rapid

accumulation, up to 20 cm/year, of sediments containing 239’240Pu; 137Cs,

13403 and 6Q-Co occurs in New York Harbor. Marginal coves upstream from

gamma counting and fot

the harbor also serve as depdsitional environments. The ratio of

239:"zl’oPu to 137Cs is higher than the fallout ratio in the sea-

sediment
ward end of New York Harbor, despite the presence of a significant

. 137, . . -
component of reactor Cs in the sediments, but lower than the range of
ratios observed by others for nearshore environments with low sediment
deposition rates. A substantial portion of gamma emitting fission

product and activation nuclides released from the Indian Point ‘nuclear

facility have accumulated in New York Harbor, more .than 60 km downstream

from the release area. We have not yet established whether local

transuranic releases to the Hudson have occurred.
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PLUTONIUM AND CESIUM RADIONUCLIDES IN THE HUDSON RIVER ESTUARY

H.J. Simpson and S.C. Williams -

INTRODUCTION

This report’sgmmarizes ourhactiviﬁies duting the secohd‘confract'year of
'AT(11—1)252§, and provides a comprehensive data 1isﬁing of rédionuélide measurements

 made during both tﬁe initial and second year of the contract.

One of our primary research goals has been to develop a bettér underé;anding
ofAthe behavior of transuranics, especially plutonium, in natural aqueous |
Aenvi;onments.' We began by attempting to establish the presént digtribupion of
plutonium in the sediments of the Hudson'River Estuar&. The plutonium was
assumed to be predominantly derivea from fallout ffom ﬁuglear weapons testiﬁg,
with the primary direct input to the Hudson by preéipitation occurring during
the early to mid 1960's. . | |
| The problem of ésfablishing the distribution of fallout plutoniﬁm in Hudson

. sediments is made more complex by the presence of a nuclear generating station

at Indian Point, apprdximately sixty kilometers uﬁstream of- New York harbor.
Depositién-of sediménts in the Hudspﬁ éccurs in a complicated pattern,

% which is bﬁfh time dependent and highly variable in rate. As‘a result, mépping

| of the dis;ributidn of plutonium in the sediments requires measurement of a largé

' number of samples. We‘have chosen to attack this problem by measuremenf of other

man-made radionuclides in conjunctioﬁ with plutonium.. There are several nuclides

1 137

in Hudson sediments derived from fallout (Cs 37).'and reactor releases (Cs .

Cs134 and CoGO); which we have analyzed by gamma counting of dried sedimént
samples with no chemical separations employed. We have found these nuclides to

" be very effective as indicators of tﬁeAlevels‘of plutonium in.Hudson sediments.

Using direct gamma counting as our initial mapping approach, we have been ablé




to make rapid progress in describing the present distribution of plutonium

in the sediments of a large, complicated estuarine environment.
Using a similar approach to that for the Hudson, we have collected and

analyzed a limited number of samples from thé Délaware'Estuary during -this

contract year. The Delaware does not currently have a'significant source of
radionuclides from nuclear generating stations, although it will in the near

future. . Thus the distribution of plutonium and radiocesium in the Delaware

will provide useful-insights to tﬁe-processes controlling the distribution in

a large estuary of radionuclides derived only‘ffom fallout.

Some of the conclusions of our research on the Hudson are included in

~two preprints attached to this report, one of which has been accepted for.

publication ‘at the present time.



SAMPLE COLLECTION

We have continued our program of sediment @oring in the Hudsoﬁ»Esfuéry
through the:secdﬁd cpptract'yéar. During the fir§t yéar, we discovefed that -
'ﬁhé sedimenfs of New York harbor contained activity levels of reactor nuclides
as high aé sediment sampieé from tﬁe imﬁediéte vicini;y>of‘the reactor, about
sixty kilometers upstream. As the resﬁlt of this discovery,'dﬁring the second
year we collected avnumber of additional cores in the harbér, Most of these were
.gfavity cores up to v 70 cm in length, but a few Qere piston cores up to 3 meters
“in lengtﬁ.. | |

We concéntraﬁed‘our sediment sampling in the Hudson on the Harbor fegioni
" primarily because tﬂat areé gﬁpeéred to be the zone of greatest sediment and
radionuclide deposftion. This initial impression has:been documented thoroughly
during this‘year, and there is now little doubt that the primary zone of
acéumulétion of long-lived releases,from-Indiaﬁ‘Point is“notvfhe‘vicinity of the
power plant, but is founa sixty kilometers downstream in New York hafbor.

During the past year wé began collecting large volume‘water samples in the
Hﬁdéon‘for measufement of both dissolved and suspéndéd phase plutonium. We used
a continuous flow centrifuge, followed by é high volume filtering system to
seﬁarate éuspended particles from wéter samples up to 1500 liters_in tétal volume.
. We are now comparing reshlts from this approach to those for large suspended

particle samples obtained by gravity settling.of water samples.' U# to now, we
have ﬁsed borrowed equipment from other research programs to ébtain‘these samples,
and will haVe to begin to acquire our own equipment for futufe.large volume Qater
and suspended barticle sample collectiqn.

As mentioned in thé INTRODUCTIGN, we have begun collecting sediment sampleé
in the Delaware Estqary. During tﬁe'épring of 1976 we Eook gravity cores at le

sites covering a -significant portion of the salinity gradient of the Delaware..



This field effort was made in cooperation with the University of Delaware's
Déﬁartment of Geology using a small research vessel oéerated by the Céllége of
‘Marine Sfuaies.

| We also participated in a subsﬁantial field sampling”effort in B;rnegat Bay
during Auguét of'i976. The pfimary supporf'of the figld program at Barnega;'Bay
was thrbugﬁ a separate contract (E[ll—1]2185>, but mﬁch of the.anélftical work on -
tﬁosé samples &ili involve the gamm spectrometry equipment at Lamont which was
purchéééd under fhis,conﬁract aﬁdvan EPA contract (R803113-01). xThe.field
prégram at Barnegat Bay was designed to evaluate the transport processes of "
radionuclides away from the nuclear power pi#ﬁtat Oyster'Creek, New Jefsey. Ve
‘have also now collected a few samples‘from the immediate vicinity of a nuclear

power plant at Millstone Point, Connecticut.

RESULT'S - HUDSON ESTUARY

The fesults of our radionuclide measurements by gamma spectrometry for the
first two years of this éontract are summarized in Table 1. The data are lis;ed
in éeographical order along‘the axis of the Hudson, beéinning with New York harbor
(mile point -1.6) and extending'uﬁstre;m to mile point 59.7. The locations oflmost
of the cére samples'aré shown in Figure 1. Many of the harbor gravity core

137

samples (betweén mp -1.6 and mp 6.0) contain Cs the entire length of the

core (40-70 cm) below the surface, while éthersdrop to background levels within
the core (25-60 cm)( The only 1§ng pistoﬁ core from the harﬁor-which we have
énal&zed (P-1.5E) has substantial activities of 05137 to 250 em. Assuming this
core represeﬁté‘% iO years 6§ timé;'the mean éediméﬁtation rafé.in that area
has been,§ 25 cm/?ear.

137

‘Severalilocations.show very low Cs activities. These sités,,loqated_

upstream of New York harbor, are apparently in zones of little net accumulation
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.Table . [

Gamma-emitting Radionuclides in Hudson Estuary Sediments

acrivities @
4 - (pCi/kg)
Locafion e o Depth . Dry Weight 137 : 134 ' _‘ 60 K403
(Mile Point) Sample # (cm) } (gm) Cs Cs ™ Co x 10
-leE 1051 A | 0-5 80 oasoe26®) 12411 - 51423 | 15.740.7
| B 5-12 83 620426 | 56+13 50+18 16.6+0.6
c 12-20 82 1210w 1155;9 110+23 16.6+0.7
D 20-25 99 470425 | 37412 | 43+19 16.640.7
E 25-30 73 540424 32411 -13+15% . 15.740.6
Foo- 30-35 63 390+18 2048 4b+15 15.8+0.6
G 35-40 73 | élsigs 38+16 69+23 18.0+0.8
H . 40-45 51 535495 ~2+15% | 54435 17.9+0.9
45-50 68 ' 610+31 ©3+12 47:21 17.440.7
J - | 50-55. o112 29ig1' ‘ —sij*' L -2413% 15.5+0.6
R s55-60 . 118  -1949% oATH 11414 14.6+0.5
L  60-65 138 S 2744 ~6+15% 10:20 11.5+0.4
Mo 65-73 98 | | 4sse2h 1ii;o © 24418 - 16.240.6
-1.5E - -1046A . 0-5 60 o 4h0+21 32410 30416 15.640.6
: | B o5-12 58 430426 18412 30422 315.119.7
e 12-30 82 620426 19411 68+17 17.5+0.7
D 20-25 86 © 440423 13410 | 56+15 15.7+0.6




(a)

ACTIVITIES
(pCi/ke) o
Location S - Depth Dry Weight. A 137 134 6>0 - K4(3)
(Mile Pointv)' Sample # (cm) (gm) Cs Cs Co x 10

o E 25-30 54 ' 390+28 175126 28125 18.4+0.

¥ 30-35 73 570+24 27411 3414 17.940.

G- 35-40 57 éosiga 43411 37417 15.740.

H 40-45 77 685+28 52412 47416 16.0+0.

I 45-50 67 635430 36iﬂ3 43+19 16.oi§.

J 50~55 94 1140450 135425 105+25 ' 16.940.

K 55-60 77 865+33 110+19 73418 | 15.740.

v’p-1.5 t '1048 A ' 0-10 61 260+21 14415 12+13 12.740,

| B 10-20 49 455+30 40421 25+17 15;319.

c - 20-30 53 345123 3+14 10+14 14.740.

D 30-40. 56 420434 12+19 13420 - 15.540.

E 40-50 56 350426 - 60+18 - 115418 13.0+0.

F 50-60 47 . 620+32 64+18 },891;7 14.940.

¢ 60-70 48 1090444 105+23 120419 15.540.

H 70-80 © 51 950+36 140422 . 951g5  14,440,

I 80-90 44 »;osdtﬁz 150423 105415 . 14.040,

90-100 57 815+42 ‘115324 14.6+40.,

57420

7
6
7

7



(a)

ACTIVITIES
(pCi/kg)
Locaﬁion. : o Depth Dry Weight. 137 134 - 60 403
(Mile Point) Sample i (em) (gm) Cs Cs Co - x 10
- x 100-110 48 635+33 54+18 58+17 ia.9ip§7
L 110-120 52 495+30 64+19 9+14 | 14.340.7
M 120-130 74 290+18 36+12 8+11 11.940.5
N 130-140 62 340425 4415 20414 13.3+0.6
0 140-150 66 350418 -149 24410 ' 13.840.5
P 150-160 | 53 365+28 ~4¥12 20417 14.240.7
Q 160-170 81 350+30 ~16+12 . 21417 15.140.7
R 170-180 64 395+21 © 10411 24412 12.740.5
s 180-190 66 350420 648 15+11 113.040.5
T 190-200 79 200422 7411 18+14 14.740.6
U 200-210 75 470425 12415 18412 14.1+0.6
v 210-220 62 '425327' 10411 26+14 13.6+0.6
W 2204230 60 390+22 12i;51 | 9+12 12.8+0.6
X 230-240 91 | 335+18 13+12 28410 12.640.5
Y 240-250 52 500427 -1412 28+14 13.640.6
7 250-260 104 46+11 _5+8 6:+9 12.340.5
0.1W - 1066 A 0-5 s 645+36 : 64+24 40+29 l'17.6ip.9
B 5-10 80 890428 63+12 60416 19.740.7



(a)

ACTIVITIES
(pCi/kg)
Location Depth Dry Weightf 137 134 60 N 403
- (Mile Point) Sample # (cm) (gm) Cs Cs Co x 10

L C 10;18' 75 1040450 87+22 110433 -18.7ip.§
D 18-25 80 1480+40 125+18 170421 19.440.7
E- 25-30 - 83 1260440 130+19 175+22 17.140.6
F 30-35 82 2310+70 <3ooiﬁ8 2051§2 18.419;8
G 35-40 76 1210460 130425 90+31 19.0+0.9
H 40-45 .70 1140450 110+21 - séige 17.8+0.8
I . 45-53 93 685+27 27+10 71+18 16.640.6
J © 53-60 106 105+14 7+8 | 38+15 - i7.7ip.6
K 60-65 108 - 3411 13+8 12+13- ‘ 17;319.6
L 65-70 109 2412 6+8 15+14 18.440.6-
01w ' 1002 A 0-5 77 1260+38 230+33 190+18.. . - 18.240.7
B 5-10 68 1800i§0 395+56 3ooi§7 ' 18.340.8
c 10-15 74 .2060i§6 480458 245+18 ‘. 17.540.7
D 15-20 66 960+44 135+33 - 65+20 i7.0ip.8
E 20-25 84 1030+40 175+33 125+19 16.3+0.7

F 2530 92 | 570+28 ~1+10% 59+16 15

.3+0.6



(a)

ACTIVITIES
(pCi/kg)
Location o ' Depth Dry Weight - 137 'i34 60 403
. (Mile Point) - Sample # {cm) - (gm) Cs Cs : Co x 10
| ’ : ¢ 30-35 63 925+49 22433 100+28 16.9+0.8
H . 35-40 63 il901ﬁ0 75+24 152+19 '19.4ip.7
SLOSH V. © o 0-5 5553;3‘ 53+9 4346 14.8+0.3
tow o . 1082 A o5 58 1180+35 100416 105+23 17.940.7
B 5-10 63 375+19 1249 64+19 15.2+0.6
c o 10-15 84 550+24 1i9 20+17 15.740.6
D 15-20 85 57+13 -13i9* siﬁs- 17.5+0.6
E - 20-25 112 16+12 Aiﬁ- ~6+16% | 17.6+40.
F 25-30 99 16+13 0+9 14+18 16.5¢p.
G ~50-55 97 ~1+11% 6.9 8415 16.5+0.6
6.0W - .. 1084 A o= 72 720447 90+30 65+22 18.1+0.9
| B 5-10 72 1000+39 63421 68+20 17.440.
C 10-15 92 '.1610i38 140422 115+16 15.640.
D 15-20 97 1370445 150425 135+17 17.040.7
E . 20-25. 62 1040+32 84+15 105413 15.840.6
F . 25-30 79 1050443 5+18 120419 18.040.7
P ~ 30-35 76 1280+44 15+14 18.740.7

135417




ACTIVITIES )

. (pCi/kg)

Location - . Depth 4 Dry Weight ' | 137 134 66 _ K403

(Mile Point) - - Sample # (cm) (gm) Cs ‘Cs Co x 10
| - H 3/-40 77 . 1895435 . -3+12 195417 17.340.7
T sw-45 - 80 870435 10413 250410 17.540.7
g  45-50 91 87Sj§5._ . -6+12 105416 17.140.7
K 50-55 83 - 700426 . 849 56+10 17.340.6
L  55-60 82 415431 -2414 22416 " N
Mo 60-65 o 36413 4412 34+11° 16.8+0.6
N 65-70 92 30+16 16416, 19414 . 18.340.7
o 70-75 9% O usl0 2w 549 17.040.6
1w .. 10104 05 90 49413 20417 . 34415 _'19.sip.7
T B  s-10 90 - <bkg  <bkg 41440 16.5+1.0
12w - 1058 A - 0-5 107 22410 <bkg . 15413 . 18.240.6
| B 5-10 | 105 .' - < bkg < bkg < bkg "13.41;.0
c 10-15 9 6+l C<bkg C17415 19.540.7
ve2u ,'__ 1005 A 0-5 - 99 154433 94+43  46+32 . 15.7+1.0
18.6-3 M . . '.1089 A 0-5 68 - 150413 36+12 50417 11.940.5

B 5-10 | 36 ' 120+21 ~12415 32+30 16.740.8

c 1015 52 8420 N.D. - 10429 . 16.040.8



 ACTIVITIES

(a)

(pCi/kg)
| , . : 40
Location o Depth Dry Weight 137 134 60 K 3
(Mile Point) - Sample # (cm) (gm) Cs Cs™~ Co x 10
18.6-5 W 1092 A 0-1 101 . 580425 19+10 67+10 15.040.6
| | B 1-3 108 525+45 22421 64+21 16.6+1.0
| c 3-4 113 410420 5+8 4449 15.840.6
D 4-5 o1 335425 35413 51416 14.840.7
1090 A 5-10 100 1415 ~11+10 ~8+13 17.840.7
' SLOSH I 0-5 290+16 3048 58+13 16.740.6
" SLOSH II oxidized 660+23 60+11 89+13 17.440.6
: layer - ' ' :
217 M 1025 A -7 112 . 240415 25+8 65+11 13.240.5
219 W 1021 A 0-5 80 450450 15+28 125+40 18.9+1.2
B 5-10 86 100413 - 9+10 26412 19.940.7
c 10-15 - 79 < bkg < bkg < bkg 19.9+1.1
25.3 W 1086 A 0-5 75 1170436 2+10 100420 18.6+0.7
B 5-12 76 780+34 . -8+15 ~11422 118.9+0.7
c - 12-16 82 265417 ~1248 C-3+15 17.040.6
. 48+18 3411 3421 18.440.7

16-21 77"



actIviTIes (@)

(pC1/kg)

| | , 40

Location Depth Dry Weight 137 134 .60 K 3

(Mile Point) Sample i (cm) (gm) Cs Cs Co - x 10
" C43E 1043 A 0-5 95 © 285+19 71+22 87+17 ©21.940.8
B 5-10 80 30421 -13+13 -6+26 . 24.140.9
SLOSH III oxidized 2700472 345+42 400+27 18.1+0.7

' layer :
SLOSH IV 0-5 520+35 S 24419 50+1% 20.6+0.8
C 4k " 1032 A 0-7 128 610+21 79419 120421 16.140.5
B 7-14 114 Sl 947 ~14+15 17.440.6
52.5 ECC . 11039 A 0-5 79 2700+60 375+45 235+22 18.440.7
B 5-10 104 2050+50 44422 175425 . 18.8+0.7
c 10-15 106 735+30 9+26 34+26 - 19.8+0.8
D 15-20 108 17412 32418 ~19426  19.140.6
E 20-25 114 14+11 16+16 21+21 17.240.6
53.8 EC 1052 A 0-5 54 2475463 - 98+27 69+19 19.0+0.8
B 5-10 84 1825468 17432 19+20 © 21.5+1.0
c 10-15 88 210417 ~8+10% 15411 20.040.7
D 15-20 92 26+17

~15+11 30415  18.8+0.8



e : : |  acrwvrres®
e ‘ ' ‘ (pCi/kg)
~ Location. . Depth - Dry Weight 137 134 60 - K 3
(Mile Point) . . Sample # : (cm) (gm) _Cs™™ Cs Co x 10
° | E 20-25 97 . 35423 0+12% 7418 20.740.9
F 50-55 82 9+14 749 13415 . 18.540.7
‘ FC CIIC A 0-10 44 1380+65  -3+16 57421 - 14.940.9
| B 10-15 58 1510+44 31414 76412 14.740.6
c 15-20 - .. 56 1380439 - 29412 . 78411 . 14.040.6
e ‘D 20-25 63 795426 - -249 20410 15.6+0.6
L E’ 25-30 69 58415 10+10 3049 16.3%0.6
F  30-35 88 -18+16 4414 6¥l4 . 19.240.7
G 35-40 97 10415 11+11 © . 0412 - 19.240.7
FC 1 ~ 0-5 | 50 - 2140496 - 8+24  103+30 . 18.6+1.2
'FC 2 05 75 S 71441430 8435 . 16.4+1.3
FC 3 0-5 - -° 58 - 18404115 17+32 © 69445 19.8+1.6
FC 5 0-5 53 22204135 2432 32443 17.7+1.6
FC 6 | 0-5 41 .. 27904135 120443 255459 . 21.3+1.6 .

YFCT - 0-5 | 51 670483 . 83#39 66450  21.6+1.8



(a)

ACTIVITIES
(pCi/kg)
y | | | y 40
Location , _ Depth Dry Weight- 137 134 60" K 3
(Mile Point): Sample # (cm) (gm) Cs ™ - Cs Co x 10
| FC 8 0-5 62 1610+105 37432 11439 20.5+1.6
FC9 . . 0-5 52 . 1730466 10+17 34427 21.9+1.1
FC 10 0-5 82 2250+81 14+10 42412 20.3+1.0
FC 11 . 0-5 63 1490+54 34+14 66421 20.6+0.9
FC 12 05 51 2140+135 43436 150451 18.8+1.7
FC 13 0-5 - 102 42+35 15423 72429 17.7+1.3
FC 14 ©0-5 37  1840+69 21421 96430 18.140.9
56.4 W 1069 A 0-5 87 930+36 10422 58+20 18.5+0.7
B  5-10 85 15415 10+18 16421 20.340.7
57.5M . 1035 A 0-5 155 0+7 10+22 8+11 12.940.5
59.7 EC 1091 A . 0-5 64 1870452 41+26 12411 15.640.6
B 5-10 79 - 160422 3+28 ~14+14 18.040.7 -
C 10-15 16+10 -6+7 ~19+7 15.1+0.6

105



(a)

ACTIVITIES

(pCi/kg)

o : , . , S .40

Location Depth , Dry Weight 137 134 60 K 3
"(Mile Point) ° Sample # _ (cm) (gm) Cs Cs Co 0 x 10
18- 1088 , Suspended A '1260+35 210425 145+18 19.0+0.7

" Matter ' ’ )

24 . ‘1114 A . Suspended ‘ ' 1140435 - 1001;5 100+12 ' 19.2+0.7
' ' Matter ' o : :
(a) Sample specific activities are expressed in terms of dry weight and have been corrected for decay between

. (b)

time of coring and time of assay. Samples marked by * were uncorrected.

Specific activities >10,000 were rounded to the nearest 100 pCi. Specific activities <10,000 but >1000

were rounded to the nearest 10 pCi. Specific activities <1000 but >100 were rounded to the nearest 5 pCi
and specific activities <100 were rounded to the nearest pCi. Statistical errors are reported at 1 sigma.
Errors for specific activities >10,000 were rounded to the nearest 10 pCi. Errors for specific activities -

. <10,000 but >1000 were rounded to the nearest 5 pCi and errors for specific activities <1000 were rounded

to the nearest pCi.

(¢) N.D. = not determined




of recent fine-grained sediment. Suspended particles (mp 18 and mp 24) from the
‘ . . L 137 e . L i
same areas with low activities sediment have Cs activities similar to the
recently-deposited sediments of New York harbor. Thus the source of shoaling
material in the harbor is clearly from upstream, and the particles are already

labelled with Cs13 134

7-(and Cs and CoGO) long before they reach the harbor zone.

During the pasﬁ year we have analyzed a substantial numbef of the samples
which have been gamma counted (Table 1) for plutohium by radiochemical separétion
and alpha.spectrometfy. The results. for tﬁe first two years of the contract are
‘summarized in Iablé 2. The first year's data wérelcollected uéing Pﬁ236 as a
yieid tracer, but all‘éf the seéond yéar data are based on a Puz42 yield tracef.
We have analyzed th different Pu236 spikes and one Pu242 spike to determine their
relative specific activities. The sbikes cover a range of ~ 20%, when normalized
to their labelled activities. All of the data in Table 2 have been reported.
relative to_ouf Pu242 spike, which lies between the two Pu23§ spikes in normalized
activity. Thus,'although we currentiy have an absolute uncerfainty on the order of
10%, due to uhcertainty in spike calibrations, all of ;He data are based on a
- common yield tracer. We a;e continuing to work on a bétter absolute calibration
. of the Pu242 spike. |

We have collected several largé‘composite surface sediment sampleé from the
Hudson (SLOSH I,.II, III, IV, V). These samples, especially SLOSH'III whiqh.caﬁe
from the immeaiate vicinity of the nuclear plant at Indian Poin;, are uséd as a
laboratory internallcalibration standard.. We had considerable difficulty in
homogeniziﬁg-large sediment.samples (> 10 kg) but hope to exch;nge them fdf.
intercaiibration purposes witﬁ.other lgboratéries;, SLOSH III contains substantial
' amounts oftCélBA, a common constigﬁent of pbwer‘piaﬁt releases wﬁich‘is'not

present - in the NBS Environmental Radioactivity standard (#4350). Tables 3 and'44

list data for samples éf SLOSH:III.analyzed by gamma spectrometry and alpha



spectrometry at various times in our laboratory.

239,240

in Hudson sediments is reasonably

239,240

The general distribution of Pu

similar to'Csl37. Long cores in the harbor which have layers of low Pu

137."The surface samples

upstream of the harbor which are low in Pu239’240 are also low in Csl37. Thus

bhetween higher activity layers also have low Cs

our original proposal of using gamma counting for Csl37 as an aid to

239,240

mapping the distribution of Pu in Hudson sediments has proven to be

very successful in this estuary.

DISCUSSION - HUDSON ESTUARY
239,240

per gram of sediment varies greatly from place
239,240 a 137

The activity of Pu

to place in the Hudson. The relative amounts of Pu nd Cs have much

smaller variation than the absolute amount of either. Table 5 summarizes the

239’249 to Csl37, as well as the ratios of Csl34Aand Co60 to Csl37.

The totalAreported range of Pu239’240 to Cs137 ratios was 1-127 compared with the

ratios of Pu

fallout ratio of 1-2%. There does appear to be a systematic downstream increase.
in this ratio, with the highest value (4-12%) in the two reported cores from
uéper New York Bay (-1.5E and -1.6E). Just upstream from the upper Bay the

-values rénge from 2-7%. Thus essentially all of the sediment samples.in the

239,240 137
to

harbor have higher Pu Cs ratios than fallout.

The presence of Csl34 and CoGO'in all of the gravity core samples from the

harbor, except the deepest sample in core -1.6E indicates that reactor.C_s137

must also be present in essentially all of the upper half meter of harbor

137 239,240 (137

sediments. Since an extra source .of Cs would lower the Pu o Cs

i

ratio, there must beAat_leaSt.bne additional process which_affectsathe Qbsefved

sediment ratios in the'harbor. Loss of Csl37 to solution or gain of Pu237’240

from the dissolved phase (or both) must occur to some exfent.



Table 2

Plutonium Isotopes in Hudson Estuary Sediments

41.7

, _ ] pCi/kg
Giite Foint)  New  emy Gmy | yiew P390, 238, 238/239,260,
a6 E 1051 A 0-5 50.5  70.0  32.6+1.0  1.440.2  0.04+0.006
B . 5-12 73.1 56.2  29.4#0.7  1.440.1  0.05+0.004
¢ 12-20 72.0 55.9  47.141.3  2.140.2  0.04+0.004
D 20-25 78.9  30.1  45.4+41.8  1.840.2 o.ogip;oos
E  25-30 67.5 54.8  40.241.4  2.240.2  0.05+0.005
P 30035 58.4  61.1  41.3+1.2  2.040.2  0.05+0.005.
¢ 35-40 68.3  35.3  68.9+2.7 L -
"H  40-45 37.6  60.8  61.5+1.8 - -
I 45-50  58.1  41.9  60.142.2  3.840.3  0.06+0.005
3 50-55 92.8  36.9 0.840.1 N.D. -
K 55-60 97.7  33.5  0.240.1 N.D. -
L 60-65  107.4 32,1 0.540.1 N.D. -
M. 65-73 . B7.9 40.0  45.7+l.4 - -
1.5 E 1046 A 0-5 | 55.5 36.0 28.241.3  1.3#0.2  0.05+0.008
B 512 52.9 23.9  31.4+1.6 - -
c  12-20 76.7 . 32,2 38.1#1.2 . 1.840.2  0.05+0.006
D 20-25 76.7;‘ - - - -
E . 25-30 48.8 18.2  34.6+1.7 1.440.3 - 0.04+0.009
P 30-35 63.0 48.2  34.0+1.2 - -
c 35-40 . 52.0 17.4  34.041.7 "‘1.6i§;3 0.05+0.01
H O 40-45 66.1 40.5 37.011.5 l'A1.9ip.i 0.05+0.006
1 45550 59.5 25.8 -i.az.3i§.s zgsip.é 0.06+0.009 )
3 50-55.  63.8 43.9 Glesls - - |
'K 55-60 . 68.9 54.5+42.7 i.9j§.2 0.04+0.005




: : , . pCi/kg
(iite Potnr) Ner  Cemy _Gm) . view 239200, 238, 238/239,240,
_ -_i W 1066 A 0-5  37.2 48.1 26.5+41.1° - . -
s 5100 72.3 32.7 31.411.3_A 1.440.2 10.04+0.006
C  10-18 69.9 . 35.0 - 28.1#1.5 1.240.2  0.04+0.007
b 18-25 63.5 56.5A: 33.641.3 1.740.2 0.05+0.006
E  25-30 7.6 - ‘-. - -
F30-35  66.3  26.0 33.741.5  1.440.2  0.04+0.006
G 35-40  66.0 . 77.9  44.941.0 :2;319;2 0.05+0.004
H 4045 . 60.0 _  29.9  34.6+1.2 - -
‘1. 45-53 715 42.2 35.741.2  2.240.2  0.06+0.004
3 53-60 . 95.8  50.2  7.240.4 - - -
K - 60-65 . 79.1 48.0  0.5+0.1 . N.D. -
L 65-70 97.8° 5.0  L.6t0.5 - - -
1 W 10024 05 73.8 0.5 32.742.4 - -
| B 5-10 74.9 28.5  31.743.2 - -
c  10-15 71.3 56.0 43.343.0  2.240.3  0.05$0.008
D 15-20  63.4  55.0  45.843.2 2.140.2  0,05+0.006
B 20-25  79.3  56.5 26.441.2  1.240.2 0.05+0.009
F 25-30  87.3 28.0  38.5+1.3 . 1.5#0.2  0.0340.004
G. 30-35 57.5- - 45.6  48.5+1.6 _— -
1.9 W 10824 0-5  44.0 9.3 36.5#2.6 - -
| I ‘ASQio‘, 1 57.9  51.3 27.841.0 1;zih.1j' 10.04+0.006
§ 10-15 78.9 - 37.3  36.941.5 _'T  - P
> 1520 79.7 8.6 1.440.2 f':l - e

E -20-25 . 94.1 - 37.6 . 0.540.1 L= -




pCi/kg

~ Location Sample Depth Dry We. - %

(Mile Point) No. (cm) (gm) Yield 239’240Pu 238Pu 238/239’240Pu
.6-5 1092 A 0-1 101.9 33.5 12.940.9 - -
| B -3 108.1 43;6. : 12.Aip.8 | - -
c 3-4  113.0 22,7  11.140.8 - -
25.3 W 1086 A 0-6 66.3  21.8  39.4+1.7. - : .
3 612 67.0. 25.7  43.241.7 - L
c  12-16 72.7 32.3  12.240.7 0.3+0.1 - 0)0219.007‘
D 16-21  68.2 o485 . a0 . - -
53.8 EC | S - 0-5 53.1 26.2  69.246.4 | '3.040.6 o.oaip.od9 -
5-10 82.3 30.0 52.1+4.3 -Z;QiO.A 0.0419.009
10-15 87.8 ~ 38.3 5.740.4 - = -
Suspendeé'Sediments
.1 1088 Surface = 82.6 29.3  23.4+1.0 0.740.1 - 0.0340.004
24.0 1114 Surface  102.8 . 27.6 | 18.9ip.§ 1.040.2  0.054.91
Filtergd Hudson River Water
volume pCi/100 kg
liters
24,0 1115 Surface 1500 30.0  0.03+0.003 - -
New Yofk Bight Unfiltered Sea Water
_ Station No. ' . A
100 - . 1102 - Surface 660 - 12.5  0.060.01 . - -
1 04 0 am ~ Surface - 6601'_ 33.8  0.09#0.01 ~ - - ..f'
” izs , ", 1104 '4A Suffaée . 660 - 13.5 30.1119.0; - :'_ -
| 1136 o 1112 Surface . 650 321 ,"0.05i¢;01:A - -
141 -.f . 1107- : _ Surface . 660 17 o;o7ip.bi S o I
1484A‘ I NR kI Surface - 660 12.9 . 0.06+0.01 S

166 - . 1109 . .Surface 660 ©10.4  0.09+0.01 -~




Table 3

Laboratory Internal Standard

Gémma—Emitting Radionuclides in SLOSH III(a)
- | | | pCi/kg(b)
Sample i - Dry Weight Cs137 ' Csl34 ..Co60_ KAO x 103-
1000 A-2 95 - 247oi§4(°) 370443 365+17 ie.aip.a
1000 D-1 - 88 2600452 | A3Sjﬁ8‘ : 320+15 17.540.6
1000 E-1 88 2510452 375443 345+16 ”16.919.6
1000 -1 - 87 3960494 © 665+77 570430 18.0ip.8"
1000 F-2 88 . . 2720465 : To445+52 280¢;9' 18.0+0.7
1000 -1 88 2680+54 . 445+49 295+15 | 17.8+0.6
1000 B-1 : 87 2610477 - 445458 | 665+35 18.1+0.4
1000 I-1 88 . 2610452 | 375+43 | 365+15 17.5+0.6
1000 J-1 88 . 3010497 480+67 340+34 17.540.9
1000 k-1 . 87 2580452 375+43 © 340+16 18.3+0.6-
1000 L-1 89 245qﬁ51 . 325+37 290415 17.240.6
1000 M-1 88 . B 2490450 3553ﬁ0 . 380+16 ©17.740.6
1000 N-1 . 88 2500454 370443 340417 18.240.6
1000 0-1 92 2470457 310438 | 295+18 17.0+0.6
1000 Q-1 88 ‘ 2630+54 340440 320416 . 17.0+0.6
1000 Q-2 88 2920465  500+54 385+29 19.140.7
1000 Q-3 .90 2780+76 430+52 | 505+43 . 19.240.8
71000 Q-4 . . 89 o 2700472 | ’343f42 ' 400437 19.240.8
N Compos@te'Q:: 4000 o 2550427 | 390121-4, 39049 . . 17.340.3
- 3;1900 REL zf,f 88 . 2640%67 - - 3751§7 R '.330323.' 17.040.7 . .
‘1000 s-1 87 . 2550453 a7sea3 . s0se1s o . (@

1000 T-1 © - - 88 . . 2680463 - 385447 310420  17.430.6



(a)

SLOSH = Standard Lamont Observatory Sediment from Hudson is the surface oilclzed layer

of sediment removed from a series of grab samples taken in the Hudson adJacent to
the Indian Point reactor at mp 43. ‘

(b)Sample specific activities are expressed in terms of dry weight and have been
corrected for decay between time of coring and time of assay.

(c)

specific activities >10,000 were rounded to the nearest 100 pCi. Specific activities
<10,000 but >1000 were rounded to the nearest 10 pCi. Specific activities <1000 but
>100 were rounded to the nearest 5 pCi and specific activities <100 were rounded to
the nearest pCi. Statistical errors. are reported at 1 sigma. Errors for specific

" activities >10,000 were rounded to the nearest 10 pCi. Errors for specific activities

<10,000 but >1000 were rounded to the nearest 5 pCi and errors for specific activities
<1000 were rounded to the nearest pCi.

Dy, = Not Determined



‘Table 4
Laboratory Internal Standard

Huclide Ratios in SLOSH III.

1000 T-1

2680+63

| A 5,239,240 LY £ 60
A py?37,240 cst7 T3 es137 cs137
" Sample  pCi/kg" pCi/kg x'lOf2 x 10-'-2 x 1072
1000 A-2 2470454 15.0+1.8 . 14.840.8
1000 D-1 2600452 16.741.9 0 12.340.6
1000 E-1 2510452 16,9417 13.740.7
© 1000 F-1 3960+94 16.8+2.0 14.4+40.8
1000 F-2 12720465 16.442.0 10.340.7
1000 G-1 2680+54 16.6+1.9 11.040.6
1000 H-1 ‘261Qt77 17.142.3 25.5+1.5
11000 I-1 2610452 . 14.441.7 14.040.6
11000 J-1 3010497 15.942.3  11.3#1.2
1000 K-1 2580452 14.5+1.7 13.240.7
1000 L-1 2450451 13.3+1.5 11.8+0.8
1000 M-1 2490450 - 14.341.6 15.340.7
1000 N-1- 12500454 L 14.841.7 ‘13.619.7
1000 0-1 2470457 12.6+1.6 11.940.8
© 1000 Q-1 - 2630454 | 12.9+1.5 12.2+0.7
1000 Q-2 26.042.0 2020465 10.9+0.07 17.1+1.9 13.2+1.0
1000 Q-3 26.342.3 2780+76 0.9+0.08 15.5+1.9 18.2+1.6
. 1000 Q-4 25.0+1.6 2700472 0.9+0.06 12.8+1.6 14.8+1.4
" Composite Q. - 26.3io.5‘.’ 2550427 o 1.0+0.02 | 15.3+0.8. 15.3ip;9 f
- 1000 R-1 . | 2640467 o 14.241.8 . 12.540.9 -
1000, 5-1 " 2550453 A'f1 14;7i;.7  11.9+0.6
' T4.441.8 11.6+0.8




: . pCi/kg
- Location Sample Depth Dry Wt. A 239’240pu 238 '238/239’240pu

" ile Point) No. (cm) (gm) Yield Pu

SLOSH II1I » » ‘
1000 Q-3 89.7  15.2 26.3+2.3 0.919;2 0.03+0.008"
4 78.8 58.4  25.0¢1.6  1.040.1  0.04+0.005
Composite Q ©.400.2 . 28.2 - 26.540.5 . 1.140.1  0.04+0.004
CPu 4b  82.0 51.8  28.440.7 . -

11000 Q-2 | 88.5 25.3  26.0+2.0 1.540.2°  0.06+0.009

- N.D. = Not detectable



~Table 5

Nuclide Ratios in Hudson Estuary Sediments

54.4+2.7

. 239,240, 134, . 60
.Locétion Sample Depth 239’240Pu 137Cs | I3;Cspu I37%§. 13%%5
[ile Point No. (cm) pCi/kg pCi/kg x 10-2 x 10-2 x 10-2
-1.6 E 1051 A 0-5  30.6+1.0 450426 7.240.5 2.742.5  11.3+7.6
B 5-12  29.440.7 620426 < 4.7+0.2 0.042.1  8.142.9
¢ 12-20  47.131.3 - 1210442 '3.éip,z 9.5+1,6  9.1+1.9
D 20-25  45.4+1.8 470425 9.740.6 7.942.6 . 9.1+4.0
E 2530 40.241.4 540424 . 7.440.4 5.9+2.0 -
P 30-35  41.3+1.2 390+18 *  10.6+0.6 5.142.1  11.3+3.9
G 35-40  68.9+2.7 615436  11.240.8 6.242.6  11.2+3.8
B 40-45 61.5+1.8 535495  11.5+2.1 - 10.148.3
1 45-50°  60.1+2.2 610+31 9.9+0.6 - 7.743.5
I 50-55 0.8+0.1 20411 . - 2.8+1.1 - -
K 55-60 0.240.1 -19+9 - - -
L - 60-65 0.5+0.1 27414 1.941.1 - -
M 65-73  45.7+1.4 455424 10.0+1.8 2.442.2  0.140.1
15 E 1046 A 0-5 28.2+1.3 440421 6.440.6  7.342.3  6.843.6
B 512 31.4+1.6 430426 7.3+0.6 2.841.9  7.045.2
¢ 12-20  38.141.2 620426  6.1+0.3 3.141.8  11.0+2.8
D 20-25 - 440+23 - 3.0+42.3  12.7+6.6
E 25-30  34.6+1.7 390428 8.9+0.8 44974 7.246.5
F 30-35  34.0+1.2 570424 6.0+0.3 4.741.9  5.442.4
G 35-40A 34.041.7 605+24 5.640.4 7.1+1.8. 46.1#3.2'
H 4045 . 37.04L.5 685+28 5.440.3 7.6+1.8  6.942.4
1 45-50 42;3£3,5 635430 © 6.740.6 5,7i2;i' 6.8+3.0
I 5055 . 41.6+1.9 - 1140450 364002 11.842.2  9.242.2
Tk 55-60 ‘ 865433 6.330.4 .:12,7i2.2

8.442.1



239,240_. 134 60
Pu

Loca’tioﬁ Sample - ‘Depth 239 > 2[‘O.Pu - 137Cs : I37¢cs mg—: Tg%s
(Mile Point) No. - (cm) pCi/kg ~ pCi/kg . x 1072 x 1072 x 102
£ 1.5 1048 A 0-10 | | 260121' ‘ - -

B 10-20 S ‘45§i3o‘ N 8.8+4.7  5.5+3.8
c  20-30 C 35423 B -
D 30-40 . 420434 . - -
E 40-50 - 350426 17.1#45.3 32.545.7
F 50-60 620832 | 10.3+2.9  14.3+2.8
¢ 6070 . 1090+44 9.6+2.2 11.0+1.8
ﬁ 70-80 | ' 950436 1 B 14.5+2.4 10.0+1.6
I - 80-90 . 1080442 . o 14.0+2.2  9.7+l.4
3 90-100 | 815+42 © 13.943.0  7.042.5
K 100-110 ° | 635433 8.542.9 -9.yt2.i'
L 110-120 495+30 12.9+43.9 - -
M 120-130 | 290+18 | 12.444.2 -
N 130-140 ~ 340425 12.944.5  5.9+4.2
0 . 140-150 350+18 | - 6.9+2.9
P 150-160 | = 365+28 - . 5.5+h.7
Q  160-170 350430 - 6.0+4.9
R 170-180 395421 - 6.0+3.0
s 180-190 350420 - 4.3+3.2
T 190-200 © 200+22 - 9.04+7.0
U 200-210 470425 - 3.822.5
v 210-220 425427 - 6.1+3.3
w2023 0422 _» - i -
x0T 230-260 7 335418 - - 8.3#3.0
"Y,‘AAzgoézsb ' ,_;? 500427 -

5.6+2.8

-z - 250-260 - - o 46+l x L _



©36.9+41.5

6.7+0.4

239,240 134 60 .
Location | Sample Depth 239’240Pu 137Cs 13—/'CsPu 'U’gz 13(7:85
(Mile Point) No. (cm) pCi/kg pCi/keg x 10 ~2 x 102 ° x 102
1w 1066 A 0-5 24.5+1.1 645+36  3.8+0.3 9.9+3.8  6.2+4.5
B 5-10 31.441.3 890+28  3.5+0.2 ‘ 7-1ii-4 6.7+1.8
c 10-18 28.141.5 1040450 - 2.7+0.2 8.4+2.2 10.6+3.2
D 18-25 33.6+1.3 1480440 2.319.1 8.4+1.2 ‘11-3i1‘5
“E 25-30 . - 1260440 - - 10.3+1.5 13.9+1.8
F 30-35 33.741.5 2310470  1.5+0.1 12.941.7  8.9+1.4
G 35-40 '44.93;.0' 1210+60  3.740.2 10.742.1  7.4+2.6
H 40-45 34.61;.2 1140+50  3.040.2 9.6+1.9  7.442.3
I 45-53 35.7+1.2 685+27 5;219.3 | 3.9+1.5 10.4+2.7
J 53-60 - 7.240.4 105£;4 6.9+1.0 - 36.1+15.0
K 60-65 0.540.1 3411 - - -
L 65-70 1.640.5 2412 - - -
Y - SLOSH V 0-5 555+13 9.6+1.6  7.8+1.1
0.1 WM* 1002 A 0-5 32.742.4  1260+38 2.6ipL1 18.2+2.7 15.1+L.5
B 5-10 31.743.2 1795iﬁ0 1.840.2 22.0+3.2 16.7+1.6
c 10-15 43.3#3.0 . 1995#56  2.240.2 26.0+43.0 12.3#1.0
D . 15-20 As.éjp.z 960+44  4.8+0.4 14.043.5  6.8+2.1
E 20-25 26.4+1.2  1030+40  2.6+0.2 17.043.3 12.1+1.9
F 25-30 38:Sjﬂ.3 570+28 - 6.8+0.4 Co- 10.4+2.9
G 30-35 48.5+1.6 1925449 5.240.3 - 10.8+3.1
B 35-40 o | 6.3+2.0 12.8+1.7
.:15§Tw:”.5 1082 A 6—5, _36.5&?;6 1 1180+35 N 3-Lt§;2 8.5+1.4 8.9j§;o
B 5-10  27.841.0 375419 7.440.5 3.242.4 17.135.1
c. ) 55012;_' -

3.6+3.1



: - 239,240 134 60
Location - Sample . Depth 239,240, 1374 U/CsPu 13722 1—3%%5_
~rile. Point) No. » (cm) pCi/kg pCi/kg x 102 x 102 x 1072
D 15-20 1.440.2 57413 2.540.7 - -
B 20-25 0.5+0.1 16+13  3.1+2.6 - -
F 25-30 | | - -
G 50-55 - -
6.0 W 10844 05 720147' 12.5+4.2  9.0+3.1
B 5-10 1000+39 6.342.1  6.8+2.0
¢ 10-15 1010+38 14.042.2° 11.5+1.6
D 15-20 1370445 11.0+1.9 10.0+1.3
E 20-25 | 1050+32  8.0+1.5 10.2+1.3
F 25-30 " 1050443 - 11.541.9 ‘,
¢ 30-35 1280-+44 - 10.4+1.4
| H . 35-40 900+35 - 21.8+2.1
| I 40-45 870+35 - 28.742.5
J 45-50 875435 - 12.2+1.9
K 50-55 700424 - - 8.0+L.5
L . 55-60 415+31 - 5.3+3.9
M 60-65 36+13 - -
N 65-70 30+16 - -
0 70-75 24+10 - -
w0 - 0-5 | 49+13 40.0435.6 69.4+35.7
T sa0 < bkg - -
Csaw | " 0-5 ,”223_10 - -
o | 0 se10 | < bkg - -
L 10-15 - -

6+11 -




30421

| | 239,240 134 60,
: ' ‘ 239,240 137 2 e
Location Sample - Depth 7 "Pu Cs Cs Cs Cs
(Mile Point) No. (cm) pCi/kg pCi/kg x 102 x1072  x 1072
14.2 M 0-5 155+33 61.0+30.8 29.9+21.8
18.6-3 M 0-5 150413 24.0+8.3 33.0+11.6
5-10 120421 - -
10-15 8+20 - -
18.6-5 0-1 12.940.9 580425  2.240.2 3.3+1.7  11.6+1.8
' 1-3 12.440.8 | 525+45 - 2.4+0.3 - 12.2+4.1
3-4 11.140.8 410420 2.740.2 - 10.742.3
4-5 10.4+3.9 15.2+4.9
5-10 - -
18.6 SLOSE I  0-5 290+16 10.3+2.8 20.0+4.6
.6 - SLOSH II Oxidized 660+23 9.1#41.7 13.5+2.0
layer
21.7 M 0-7 240415 . 10:443.4  27.1+4.9
21.9 W 0-5 450450 - 27.349.4
5-10 © 100+13 - 24.0+12.4
10-15 - < bkg - -
25.3 W 1086 A-  0-6 39.4+1.7 1170436 - 3.4+0.2 - 8.5+1.7
B 6-12  43.2+1.7 780434 5.5+0.3 - -
C 0 12-16 © 12.240.7. 265417  4.640.4 - -
D, 16-21 © : L1#0.1 48418 . 2.340.9 - - -
C43E S0-5 ] " 285+19 24.9+7.9 30.5+6.3
5-10 - -



134

- 239,240 60
| 239,240 137 L Cs Co
Location Sample Depth >" " Pu Cs 137¢cs 137¢s I37¢cs
(Mile Point) No._ (cm) pCi/kg ~ pCi/kg x 1072 x 1072 x 1072
.  SLOSH IIT  Oxidized N 26 2700472 N 12.8+41.6 14.8+1.1
' layer ' :
44 " SLOSH TV 0-5 520+35 21.7+17.2 9.643.7
C 44 0-7. 610421 13.043.2 19.743.5
- 7-14 . -1+ - -
52.5 EC 0-5 2700+60 .13.91_1.7 8.7+0.8
5-10 2050450 2.141.1.  8.5+1.2
10-15 735+30 - 4.643.5
15-20 17+12 - -
20-25 14411 - -
53.8 EC 0-5 69.2:+6.4 2475463 . 2.840.3 - 4.041.1  2.8+1.1
5-10 52.1+4.3 1825+68 2.9io‘.3 - -
10-15 5.740.4 210417 - 2.740.3 - -
£ 15-20 26+17 - -
20-25 35+23 - -
50-55" 9+14 - -
FCC II C  0-10 1380465 - 4.1+1.5
10-15 1520+44 21.+1.0  5.040.8
15-20 1380+39 - 5.740.8 }
20}-25 %95_4;26 2.1io.9~ v2.’5i1.3'
25-30 58+15 - 51.7420.5
30-35 ~18+16 . - -
35-40 10i1_5 - -
FC 2140+96 -

b.8+1.4



16+10

| . 239,240 134 60
' | | 239,240 137 —r e
Location Sample Depth ? Pu , Cs Cs 3iCs : Cs
(Mile Point) ‘No. (cm) pCi/kg x 10--2 x 10 =2 x 10-2
- FC 2 - 7144 - -
FC 3 1840+115 - 3.842.5
FC 5 2220+135 - -
FC 6 2790+135 4.245  9.242.2
FC 7 0-5 670+83 12.446.0  9.9+7.6
FC 8 0-5 1610+105 - -
FC 9 0-5 1730+66 - -
FC 10 0-5 - 12250+81 0.640.4  1.940.5
FC 11 0-5 1490+54 2.3+1.0 - 4.4+1.4
FC 12 . 0-5 | 21404135 2.041.7  6.9+2.4
FC 13 0-5 42435 " - -
FC 14 0-5 1840+69 / - 5.2+1.6
- 56.4 W 0-5 930+36 - 6.2+2.2
5-10 15+15 - -
57.5 M . 0-5 0+7 - -
59.7 EC 0-5 1870+52 2.2+41.4. 0.6+0.6 -
5-10 160422 - -
©10-15 - -
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134 60

K ‘ 239,240
S ~ 239,240 137 -—I§7:-§9- T oL
Location Sample Depth ? Pu - Cs Cs Cs I37¢s
ile Point) No. (cm) pCi/kg pCi/ke x 10™2 x 1072 x 1072
1088 Suspended 23.4%1.0  1260+35 1.940.1 16.7+2.0 11;51;.9
1114 Suspended 18.940.9 1140435

1.740.1

8.8+1.3  8.8+l.1

~ *Core 0.1 WM was taken approximately 2 years before core 0.1 W.




Suspended particle samples collected during two recent periods from

239,240 to Cs137 ratios approximately those

well upstream bf the harbor have Pu
of fallout, wich'absoluté activities siﬁilar to sediménts now accumuiating
opposite Manhattan‘(ﬁp 0 to mp 6).
We have recently completed‘gamma couhting of a piston core from.tﬂe uppef
4Bay (P-1.5E) whi;h appeafs to penetfate through a zone of sediments containing
N a ‘substantial f;adtion of reactor Csl37'into layers which contain only_failout‘

137 239,240

Cs . We should be able to unravel the time history of Pu deposition

in Hudson sediménts when analysis of that core is completed_(Figure 2).
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Results — Delaware Estuary

We'collected gravlty ceres af ten sites in Delaware‘Bay and Estuary, covering
a total reach of the estuary of about 110 kilemete;s.' The seaward end of the sample
series was v 15 km upstreaﬁ of the ﬁouth of DelaﬁareﬁBay (mile,poiat v 10) ln a
region that has relatively constant salinity between. 25 aad 30°/oos- The upstream »
.end oflthe series:was 4" ﬁp 78,lnear Wilmington, Delaware. This area ef the estuary
has salinities which range from aBout 5°/;Z_down to fresh water, depending upon
the discharge'of ﬁhe Delaware River.

The core samples were sectioned into 5 cm intervals and gamma counted in
the same way as for the Hudson Estuary samplesireported above. Results for
'abOut 30 samples are given ip Table 6. Data for Co60 are reported, altheugh
tﬁese isilittle likelihood of the presence of any ﬁeasﬁrabletamounps~of this
..nuclide ih‘the sediments, to provide an indication of the uncertainty of the

data reported in Table 1 for the Hudson. Activities of Cs137 are conside;ably_
lower than for Hudson»sediment.saﬁples (abeut an order of magnitude lower), ana'
the only evidence of.raﬁid accumulation of recent sediments was frbm'a core in.'
the Chesapeake and Delaware Canal (Cd #40, mp v 59), where Cs137 was-measured down
to 40 cm.

Several of the sampling sites were in afeas cohsidered.to be shealingiareas
(mp ~ 63, mp 65 mp ~ 75), but none of these cores had Csl37 actlvities, or
~ depth trends 51m11ar to shoallng areas in New York harbor.

We have analyzed a number of the Delaware sediment samples for plutonlum
(Table 7). ‘In general, samples with low Cs137 also had low Pu 239, 240, as was
observed for ehe Hudson. The hlghest activity sample measured was v 16 pC1/kg

of Pu239’249, less than. one quarter of the highest act1v1ty samples we reported

for the Hudson.




Table_é

Gamma~Emitting Radionuclides in Delaware Estuary Sediments

o _ pCi/kg(a)v :
cation Sample # Depth Dry Weight Cs137 Co60 ‘ K4OX 103
D14-1 1154 A% 0-5 129 40e8® 149 ©12.040.4
(mp~ 10) B .. 5-10 136 1747 647 12.140.4
c* 10-15 130 . 248 1047 - 12.0+0.4
AS VII . 1151A 0-5 78 165415 12+13 14.840.5
} - | | o
(mp v 36) B 5-10 - 93 110415 17412 11.340.4 o
c 10-15 96 . - 190420 7415 14.640.6
D* 15-20 137 . 248 247 - 7.540.3
J3-1- 1150 A . 0-5 68 37414 15+13 . 20.240.7
(mp ~ 47) B 5-10 72 - -142 4413 17.8+0.6
D2-3 . 1149 A 0-5 62 335421 23+15 17.040.6
(mp ~ 50) B 5-10 91 250421 -1+16 15.140.6
‘ c ©10-15 72 19+13 | 3+13 16.7+0.6
‘D - 1520 69 10412 . 20415 . 15.4+40.6
cd #40 1144 A 0-5 .68 . 200417 113 16.040.5
(mp ~ 59). B 5-10 63 200+18 —6+13 17.940.6
| c 10-15 72 235420 12+14 13.440.5
DA 15-20 73 24412 24414 11.340.5.
CE . 20-25 - 73 - 215416 27414 13.640.5
F .. 2530 78 . 275#20 3413 17.640.6
G 730-35 73 400420 31412 16.740.6
c8-1 1162 A 0-5 ‘100 32410 25411 - 13.640.5
“p v 60) B - 5-10 © 98 | 18+10 8+10 113.9+0.5
\
\



(a)

pCi/kg
Location Sample #  Depth Dry Weight cst3’ co®® K% 103
o-2 1136 A - 0-5 85 . 63+20 19+18  14.340.6
(mp "~ 63) R 5-10 120 ~6+11 - 18413 12.4+0.5
| c 10-15 118 1249 9+9 | 12.7+0.4
J-1 C 1134 A 0-5 o123 110410 1148 12.5+0.4
(mp v 65) B 5-10 86 74414 -2413 14.040.5
c. 10-15 - 73 9413 -3+13 16.2+0.6
€3-2 1124 A S 0-5 84 20415 17+14 14.140.6
(mo n 75) B 5-10 93 12412 11417 14.240.6
B9-1 1120 A 0-5 . 93 10418 - . 19418 -  12.6+0.6
(mp ~ 78) B 5-10 92 19416 . -21+17 13.6+0.6

*Sandy Sediment .
(a) -Sample specific activities are expressed in terms of dry welght and have been
corrected for decay between tlme of coring and time of assay

(b) Specific act1v1t1es >10,000 were rounded to the nearest 100 pCi. Specific activities
-1 <10,000 but >1000 were rounded to the nearest 10 pCi. Spec1f1c activities <1000 but
>100 were rounded to the nearest 5 pC1 and specific activities <100 were rounded to
the nearest pCi. ‘Statistical errors are reported at 1 sigma. FErrors for specific

activities >10,000 were rounded. to the nearest 10 pCi. Errors for specific activities
<10,000 but >1000 were rounded to the nearest 5 pCi and errors for specific activities
- <1000 were rounded to the nearest pCi. ' '




Table 7

Plutonium Isotopes in Delaware Estuary Sediments

' A o pCi/kg
Location Sample Depth Dry Wt. % _
(Mile Point) No. (cm) (gm) Yield 239,240Pu 238Pu 238/239’240Pu
D 14-1 (V10) 1154 A 0-5 109.8 57.5  12.140.4 - -
AS VIT (v36) 1151 A . 0-5 67.6  45.2  15.240.6 - ; -
J3-1 (%47) 1150 A 0-5 58.0 20.7  N.D. N.D. -
..D 2-3 (v50) 1149 A 0-5 52.3 31.4 - 16.5+0.8 - S =
B 5-10 70.4 - 58.1  16.3+0.4 | - -
c - 10-15  60.9 . 31.6 2.140.3 - -
D 15-20 58.5 . 43.7 - L.a0.2 . - -
CD 40 (%59) 1144 A 0-5 58.3 47.3.  11.3+0.5 0.540.1  '0.0440.01
| B 5-10 52,9 11:4  9.941.1 =~ - - . -
cC  10-15
D 15-20 62.9 . 8.4 N.D. I
J1 (65 1134 A 0-5 103.3 44.8  5.740.3 - -
B 5-10 ~ .75.3 77.5  2.940.2 - -
c 1015 62.6  42.0  0.440.1 - -

: '_-)I.'D'. = Not detectable



Table 8

Nuclide Ratios in Delaware Estuary Sediments

239,240Pu 137Cs 239,240Pu/137C$

Location ' Sample # Depth pCi/kg pCi/kg ' © x107?

D14-1 1154 A% 0-5 12.140.4 40+8 130.346.1
(mp & 10) B* . T 5-10 - N.A. 1747 -

c*  10-15 N.AL 248 -

AS VII 1151 A . 0-5 15.240.6 165+15 S 9.240.9
- (mp v 36) B 5-10 . N.A. 110415 S
c . 10-15 CN.A. 190420 -
px 15-20 . . NL.A. , 2+8 -
33-1- 1150 A’ . 0-5 N, . 3744 -

(mp v 47) B - 5-10 N.A. ~7+12 -

p2-3 1149 A 0-5- 16.5+0.8 335421 4.940.4
(mp ~ 50) B 5-10 16.340.4 250421 6.5+0.6
c 10-15 2.140.3 ~ 19+13 11.1+7.8

D 15-20 1.440.2 10412 - 14.0+16.9

40 1144 A o= 11.340.5 200+17 574005
(mp ~ 59) B. _ 5-10 9.9+41.1 200418 5.040.7
c 10-15 N.A. 235420 -
D% 1520 N.D. 26412 - - -

E- . 20-25 CNLA. - 215416 -

F - . 25-30 - NoA. ¢ 275420 -

G 30-35 .A 400420 -



Discussion - Delaware Estuary

Most. of the samples which had sufficient activity for confidence in

239,240 137
to

reporting ratios of Pu Cs had values of about 5% (Table 8 - six

samples). These samples were from areas with maximum seasonal salinities of
A 15°/,4 Oor less and mean salinities of 10°/., or less. Two samples had

239,240 137

apﬁreciable higher ratios of Pu to Cs , with the highest value of v 30%

near the mouth of Delaware Bay} The next highest ratio was 9%, for a sample

located between the highest ratio sample and those upstream with Pu239’240 to
Cs137 ratios of ~ 5%.
Thus evidence for a downstream increase in Pu239’240 to C3137 ratios which

was suggested by the data in the Hudson appears to be even more dramatic in the
Delaware.

The total accumulation of Pu239’240

per unit of sediment surface area in the
Delaware is equal to the fallout delivery rate of . 2 mCi/km2 in only a few of

the cores we collected. Most of the cores have inventories of only a small

fraction of the delivery rate. This contrasts étrongly with the situation in

" the Hudson, where in the zone of major:sediment deposition™in the harbor the

239,240 are an order of magnitude or more greater than

~accumulation rates of Pu
the fallout delivery rate. Thus the areas we sampled in the Delawaré do not
have much accumulation of fallout plﬁtonium, even though we épecifically chose
our sampling locations to maximize the probability of qoring high sedimentation‘
areas of finngrained sediments. Much qf the total area of thé Hudson does have

rélatively_low accumulation rates of Pu239’240

in the sediments comparable to
those we observed here for the Delaware. The major exceptions to this pattern
are the high deposition areas of New York harbor and the shallow coves upstream'

of the harbor. It is possible that -analogous areas exist in the Delaware, which

could account for the large missing component of the fallout plutonium delivered




239,240 . 137 239,240
Pu

. : Cs ‘ Pu/137Cs
Location Sample # Depth pCi/kg pCi/kg ' x 10-2
c8-1 0-5 N.AL 32410 -

(mp ~ 60). 5-10 N.A. 18410 | -
J-2 ' ' 0-5 N.A. 7 63+20 C -
(mp v 63) 5-10 N.A. ~6+11 : -
10-15 CON.AL - 1249 -

J-1 | 1134 A 0-5 5.740.3 110410 5.240.5
(mp " 65) B 5-10 2.9+0.2 74414 3.940.3

c - 10-15 0.440.1 9+13 4.446.5
c3-2 _ - 0-5 ~ N.A. - 20415 -
(mp "~ 75) 5-10 N.AL - 12417 | -
B9-1 N 0-5 N.A. | 10418 -
(mp ~ 78)

5-10 N.A. . 19416 ' -

% Sandy Sediment
N.A. = Not Analyzed
N.D. = Not Detectable
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to the Delaware. However, it now appears more likely that the Delaware
Estuary doesn't provide nearly as favorable an\eﬁvironment for.depositioﬁ of
recent, fing—grained sediments which contain"mbst of the fallout plutonium as
does the Hudsoﬁ. If this is true, then any future local releases of traﬁs—
uraniés to the Delaware mighf be expected to be transported on fine particles
long distances away from the release area, rathef than accumuléting in a major
Adebosition zone as‘appears‘to ﬁappen inAthe Hudsonf This conclusion mﬁst be .
considered as tentative at the present time, until the possible éxistence of
major recent sediqent aqcumulation zones in the DelaWére-is more fully explored.'
We did collect one core very closeAté the site’of a largé nuclear reactor
complex now under construction (mp v 50). This partiéuiar site, near Arfificial
Isiénd on the eastern sbore of the Deléware, had the highest~aptivity of
Pu239’,24o of any of the sediment samples we analyzed iﬂ the Delaware. Thus
that site.appears to be favorable for phe accumulation of'transuranics.which might

be released locally. This site offers a good potential for future monitoring of

transuranic releases once the nuclear generating station becomes operational. -

239,240 137

data from coastal sediments of the notth—

239,240 to

extensive survey of Pu and Cs

west Atlantic.Ocean. The range of values reported for the ratio of Pu

5137<in several coastai.environments was from 0.15 to 0.34. .Shallow nearshore

239,240

c

'samples from a number of cores had total accumulations of Pu

239,240 to C5137 ratio in both

comparable
to the fallout delivery rate. .- The trend of fhe Pu
the Delaware and the Hudson was toward higher downstream values approaching }

. those observed -at Woods Hole for coastal sediments. However, fhe-depoéition"

‘rate of Pu239’240 in.the.Delaﬁare was substahtially lower than feporﬁed for

nearshore cores, many of which were from Buzzards Bay or nearby.
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One of the most intriguing observations made by Livingston and Bowen was

)
239, 40 to C5137 ratios in the upper part of the cores,

sjstemafically higher Pu
with values near'the_surface up tolfive times higher than those thnty or more
centimeters down tﬁe core. 'They suggested this indicated up&ard_migration of
pluﬁonium relative to Csl37, which could-péﬁenfially release plutonium agéin
to the water column. | |

”l We have not observed the same deptH'trends in the Hudson but the deposition
rates of sediment'in Hudéon are much higher than those studied by'Livingston aﬁd
Bowen who suggested that their conclusions could not be extended directly to
high deposition environments. In faét, the trend in-oﬁe of the ébrgs we have

239,240 to 137

analyzed in Upper New York Bay is increasing Pu Cs™ ™. ratios down the

core. ihis is most likely the result of a downward traﬁsitionifrom sediment
influenced by recent influxes of reactor Csl37, with peak feleases in 1971,
into sediments dominated by fallout with the delivery peak in the mid_l960's.
We will prbbabiy have to wait until analyses are completed-on several longi

239,240 137

piston cores from the harbor before the depth trends of the Pu
ratio can be examined in detail in the Hudson. R

Mobility of Plutonium in Aqueous Systems

One df-the objectives of our research prdgram is to help iiluminate the
pathways and magnitude of blutonium transporf in the envifonment. The results
.discussed‘above relate pfimarily to'tﬁe present distribution éf fallout
plutonium in Hudson and Delaware sediments. In some situations the distribution
'_in sedimeﬁtszcan'proyide'ﬁaluable.clues to the éost—depositional migrationAof
' piutoﬁium; as has;beeﬁ'establiéhéd by ﬁivingsfon andedwen. In ﬁear1Y'all.shallow _
. water‘équatic systémé the primary feservﬁir 6f fallout plutonium is the |

sediments, as in continental areas the primary reservoir is the 'soil zone.
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One approach to understanding the mobility of plutonium which complements
méasurement of sediment concentrations is examinatién of water cbncentraﬁions of
plutonipm inAvarious environments. In nearly all aqueous systems except thel
deep ocean most of the fallout plutonium is predominantly in sediment or sbil
phases, but water concentrations can provide some insights into the transport
rates between various compartments. |

The Health.and‘Safety Laboratory of ERDA haé collected - a long se?ies of
fallout nuclide measurements(in New York area precipitation and New York City
tap water. _Since the water supply is derived from tributary streams within ghe
.Hudson drainage basin (and to a lesser exteqt the Delaware), the fallout nuclidé
data in drinking.watér can provide some clues about the mobility of fhose
nuclides in the fresh wafers draining into the Hudson Estuary. Thé’fallout
'nuélides clearly may be affected in the transition froﬁ ﬁributary runoff to tap
~ water but this time series information is the best available for the Hudson area.
Data for SrgoAin rain and tap water have been collected since 1954, while

239,240

4Csl37 in tap water has been measured since 1966 and Pu in tap water since

1973, e
Averaged over the iasf two deéades,_the'Sr90 content of tap water has been
a small fraction of the rain watef activity (v 10%). However, as the rain water
concentrations have declined from the mid—1960's peak levels to values of a
few percent of the 1963 maximum,,the'rafio of tap watér to rain watef Sr90
coptents has increasea to approximately one; Thus the soils éf the‘Hﬁdson
dréiﬁage basih éppear to have reacﬁed a quaéi—steady state witH respect to
fsuppl§‘aﬁd rengwgi of'ngq. Since the_annéal rate:Qf.Srgp fallout is'ndw
'befweeﬁ~0,5 and .17% 6£ the soil fallouf ngo‘burden, a crqd? esﬁiﬁa;e.of thé,_

residence time_of soil Srgo in the Hudson basin is 100-200 years.
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The ratio of C3137 toASr90 in tap water is v 0.1, more than an order of

mégnitude'lowervthan the fallout ratio of 1.5. Thus the rate of release of
Cs137 in solption from Hudson soils is still a small fraction of the current

annual fallout increment (< 10%). This indicates that a first order minimum

. . . 137 , . . ,
estimate of the residence time of Cs in Hudson soils is several thousand years.

239,240

The data base for Pu in tap Qater is only for the period of 1973-1975,

with cdncentrations averaging a few percent of the rain activities. Thus more
than 90% of the annual increment of fallout plutonium stays in the soils,
' indicating that in the absence of soil particle loss from the drainage basin,

© 239,240

the soil burden of Pu would slowly increase as a rate of O;S—l% per year

as lbng as the ratio of the annual fallout increment to total soil burden

239,240

remained at that level. The residence time of soil Pu with respect to

soluble phase loss would then have a minimum estimate of"\:'lo4 years.

239,240 ; New York tap water during the period

The concentrations of Pu
- 1973-1975 ranged between 0.08 and 0.60 fCi/%, with a mean value of ~ 0.3 fCi/Zu
(about 2% of the average rain activities during the same period).

During the past year. we have analyzed a number of water samples in the
New York Bighf for plutonium under another.contract (E[11-1] 2185). The range
of those.sémples, collected during winter monthg;was 0.6 to 1.2 fCi/i, with'fhe
lower value cloéer to the average fof water on the continental shelf. The tap -
water values of 0.3 £Ci/% fhus average.about one half of the shelf waters.
If Hudson River water were similar to tap water, then one would obéerve an
;incrgase of aﬁpfoximéfely a factqf of 2 as f;esh water pasSed‘ddwn~the Hudsdn and
mixedAin;o‘theushglf water. We have analyzed:one largg samp1e of filtered low L
o | ' | 239,240

salinity (< 5°/45) ‘Hudson water (v 1500 liters) which had a Pu activity

of 0.3 + .03 fCi/l.A‘Thig suggests that thé tép“wafer values may be reaSonébly

good indicafbrs.of Hudson River'PQ239’240

activities during the period for which

tap water data are available.
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239,240 °

It is somewhat surprising that tap water Pu activities are as similar

to shelf ocean water values as they are (x 2). Observed concentrations of

u239’240 in the surface waters of the open Atlantic Ocean are approximately

P
1.2 £Ci/%, representing . only ~v 20% of the activity if all of the fallout
- delivered plutonium had remained in solutioﬁ in the open ocean to the same

extent as for Cs137 and Srgo.

Farmer, Bowen, Noshkin and Gavini (COO—3568—6) have observed Pu239’240
activities in Lake Ontario that are in the same range as those discussed here
for the Hudson River and the New York Bight. During the period 1971 to 1973 the

239,240 activity for the entire lake declined from v 0.8 fCi/% to

average Pu
v 0.3 fCi/%. Thus if the values for Lake Ontario in 1973 arevcompared with tap
water for New York City (1973-1975) , Hudson River water for 1976 and New Yérk
Bight water in 1976, all of the activitieé are within é‘range of a factor of
..two; Considering the differences in these water types, the similarity in .
Pu239-"240 activities is surﬁ«rising°

Most of the particuplate phases in the upper levels of the sediments in

230,280 ctivities on the

these systems, or in the soil zone_have average Pu
order of 20 pCi/kg (within a factor of two). If the water concentrations were
determine&vﬁy equilibration with the much 1arger reservoir of plutonium present- on
Aparficﬁlate phases, it is not uﬁreasonable that they shouid ha&e comparable
activitiés, provided the partitipn éoefficient between water and particles was

. not strongly dependentlupon salinity or other dissolved phase properties. Using

é par;itioh coefficient (water/particles) of %‘1-3ux 10—5, and a particle
.Puzsg’%éo_aéciVity_of n\ 20,in/kg,-Qa£ér concentrations of 0.2-0.6 fCi/leQuid
" b¢'éxpect;d;.‘It is &ifficﬁlt to ﬁ#&érsténd th sﬁéh a §mali_raﬁge‘of pértifioh“'
. coefficients'wou1d>be.éémpafiblé with watérs—héving the range of dther propérties
- exhibited by_tapiwater,'tdrgi&, low salinity Hudson Estuary water and New York‘

Bight -sea water.
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KSPOIIS

Man-Made Radionuclides and Sedimentation

in the Hudson River Estuary

Abstract. Recently deposited fine-grained sediments in the Hudson River estuary
contain radionuclides from global fullout produced by atmospheric bomb tests as
well as from low-level releases of a local nuclear reactor. Accumulation rates of

these nuclides are dependent on rates of se
" in the estuary by more than two orders of magnitude. Within the Hudson estuary,

diment deposition and vary with location

New York harbor is currently the zone of most rapid deposition of sediments con-

taining radionnclides, some of which were r

kilometers upstream of the harbor.

Many éstuaries are sites of rapid sedi-
ment accumulation. Shoaling of estua-
rine harbors often requires extensive

dredging operations’ to maintain ade-
© quate navigation depths. There is some

general understanding of the processes

. which cause sediment deposition in es-
tuaries, but patterns of accumulation are

usually sufticiently complicated to defy
simple prediction (/). Many chemically
reactive wastes, such as metals from the

electroplating industry and some types
_of radionuclides, are rapidly bound to
. particles when' discharged to turbid es-

tuarine waters. Patterns of accumulation
of estuarine sediments are thus of impor-
tance both for management of reactive
waste discharges and for maintenance of
adequate navigation depths. We have ex-
ploited the presence of man-made radio-
nuclides in sediments to provide informa-
tion' concerning patterns of recent sedi-

ment accumulation in the Hudson River .

estuary.

The Hudson River forms one of sever- .

al major estuarine systems which domi-
nate the coastal environment in the
densely populated northeastern United
States. The New York metropolitan re-
gion is dependent on the Hudson estuary
for water transportation as well as for dis-
posal of wastes, including treated and un-
treated domestic sewage and a wide
range of industrial chemicals. We have
collected sediment cores, most of which
were between 0.5 and 1.m in length, at
more than SO localities in the Hudson es-
tuary (Fig. 1). Gravity cores (~ 6 cm in
sites throughout the
range of salinity within the estuary were
sectioned into depth intervals (usually 3
com), dried, and scaled into 100-cim®
aluminum cans. Gumma-ray emissions
were measured by using a lithinm-drifted
germanium |Ge(Li)] detector and a multi-
charinel analyzer. Because of the good
energy resolution of a Ge(Li) detector

(=2kev), a large number of <_;|early de-

eleased front a nuclear reactor about 60

Cfined photopeiks whose encrgies are -

characteristic of individud radiouctive
nuclides can be ohserved in the gamma

spectrum between 100 and 3000 kev. -

These peaks include those from naturally
occurring radionuclides such as **K and
daughters of 2*U and ¥Th, as well as
from man-made nuclides such us *Cs (a
fission product from bomb testing and nu-
clear reactor releases), ™' Cs (an-activa-
tion product almost exclusively from nu-
clear reactor operations), and *Co (an
activation product -predominantly from
nuclear reactor operations).

The distribution of *"Cs, "™Cs, and

-*Co in Hudson estuary sediment cores
(Table 1) generally. fails within one of’

three distinct types. The locations of
cores representative of each type are
shown in Fig. 1, and the distribution of
17Cs with depth in the sediment for each
of these three cores is shown in Fig. 2.

Cores from most areas of the estuary -

have relatively low activities of "7Cs,
generally confined to the upper 5 to 10
cm of sediment. Many cores from the

sandy main navigation channel (water

depth, 10 to 20 m) have an order of mag-
nitude less Cs than that in the lowest-
activity example shown in Fig. | (labeled

“subtidal bank'"). The core at mile point

(MP) 18.6 was taken on a shallow bank
(= 8 m) which is more conducive to the
deposition of fine-grained particles than
the adjacent sandy navigation channel.
Marginal coves show a second type of
profile having much more *Cs in the top
5 cm of sediment per gram (dry weight)

and measurable activities usually to 10 to”

15 cm although sometimes to 30 to 40
cm. This type of "Cs depth profile has

- been reported for the Hudson estuary by

other authors and interpreted as in-
dicative of high sedimentation rates in
shallow protected environments (2). The
core reported here (Fig. 1. MP 53.8) is
one of more than a dozen cores we have
collected from Foundry Cove, a small
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(0.5 km?), shallow (f to2 m) embayﬁ;ent

on the east side of the Hudson River near
West Point. i

The third type of *Cs profile is illus-
trated by a core collected in New York
harbor at MP 0.1. it shows high ""Cs ac-
tivities from the surface to the bottom of
the core at 40 cm (Fig. 2). We have mea-
sured comparable activitiés to 250 cnv in
another core from the harbor (3). Sedi-
ment cores which have high *’Cs activis

ties from the surface to depths below 30°

cm are clear indicators of rapid sediment
accumulation.

There are two significant potential
sources of *Cs in Hudson sediments: (i)
fallout from atmospheric festing of nucle-
ar weapons and (i) periodic low-level re-

leases from a commercial nuclear power’

generating station at MP> 43 (Fig. 1). The
major peak of fallout from weapons test-
ing was delivercd to the Hudson in the
years 1962 to 1965. Strontitin-90 and
wiCs, both of which have radiounctive
half-lives of about 30 years, are the fis-
sion products from the peak fallout years
which are found in greatest abundance in
soils and the surfuce ocean throughout
the globe. Most of the fallout arrived at
the earth’s surface in rain and snow. As
rainwater percolates into soils of conti-
nentid arcas, ™ Sr ) and "Cs (5) are rap-
idiy attached to particulates in the upper
10 to 20 cm of the soil. In the open
ocean. fallout *Sr and "'Cs are pre-

“ dominantly in solution (6) and are fre-
; .
i quently used as tracers of water circula-

tion becuuse of the minar role of particu-

ate phases in the transport of these

nuchides in seawater.

In freshwater lakes such as Lake Mich-
igan and Lake Ontario, most of the *Sr
remains in solution, while a major frac-

U tion (> 90 percent) of fallout " Cs is now

"found attached to particulate phases in

the sediments (7). In estuarine systems
such as Chesapeake Bay, dissolved '"Cs

appears to be roughly proportional to sa- |
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linity. with very low values typical of
salinities less than o few parts per thou-
sund (8). Higher values in more saline es-
tuarine waters are usually attributed to
dissolved potassium decreasing the re-

moval onto particles of " Cs supplied by

rain. Thus, there appears to be substan-
tial variation in the behavior of fallout
W Cs in natural water systems, depen-
dent on the salinity of the water and the
degree of contact with solid phases such
as soil particles.

The time history of '**Cs release from
the nuclear reactor at MP 43 cannot be
defined quite as well as for fallout. The
reactor began operating in 1962, but re-
ported releases through 1964 were very
low. Activities of specific nuclides in the
releases have not been reported for the
entire operating period, but estimates for
earlier years can be made from the gross
activity of all the nuclides in the releases,
assuming a composition similar to the
most recent data. The highest annual re-
lease of "¥Cs was in 1971, accounting for
almost half of the total discharges of
137Cs since 1962. During the period 1973
and 1974, very little "*’Cs activity was re-
leased (9).

In addition to '*"Cs. reactor releases of .

gamma-emitting nuclides to the Hudson
have included ''Cs (half-life =2
years) and *Co (half-life = 5.2 years).
Since *Co also becomes bound to parti--
cles in the Hudson, the proportions of
MCs and *Co relative to *’Cs in Hudson
sediments can be used in conjunction
with the time history of release data to es-
timate the relative importance of Tallout
and reuctor releases as a source of ¥'Cs
in the sediments.

Nearly all of the sediment samples
from the Hudson near the reactor site or
downstream to New York harbor in
which we have measured **'Cs activity
also contain '"¥Cs and “Co, in propor-
tions roughly similar to those in surface
sediment samples collected near the reac-
tor site (see Table 2: *'Cs/*7Cs and “'Cof
g ~ 0.1). The cove site approximate-
ly 15 km upstream from the release area
has relatively low '*'Cs/*"Cs and *Co/
1Cs (- 0.02), indicating that a smaller
proportion of the " Cs in this sediment is
derived from the reactor than in the sedi-
ments of New York habor,

On ihie basis of the nuclide ratios re-
ported in Table 2, which inctude data
from many more of onr cores than the
few itemized in the table plus data for
sediments at several localities collected
within about 12 km of the reactor sile

Juring 1971 by other anthois (2), we con-
clude that a substantaal fraction of the
1S pow Tonnd in New York harbor
sediments wis derived fiom reactor.re-
leascs. prinmarily from the period of peak
discharge ahout 5 years ago (10).

We can compare the '7Cs activities in
Hudson estuary sediments with the mag-
nitudes of several source terms, some of
which have reasonably small uncer-
tainties. while others can only be roughly
approximated  from  indivect evidence
(Table 2. We estimate the present sedi-
ment M Cs burden between MP 60 and
New York harbor to be ~ 10 curies (1
curie = 2.2 X 10" disintegrations per
minute), with approximately halfl of the
total in zones of rapid sedimentation
which cover ~ 10 percent of the total sur-
face area.

The delivery of fallout ***Cs to the wa-
ter surface of the Hudson can be esti-
mated more accurately thun any of the
other budget terms. The total deposition
fate corrected for radicactive decay to
1975 has been about 120 me/km? (11, 12).
Using an area of water surface for the
Hudson between MP 60 and MP 0 of 200
km?, the total direct fallout deposition of
WICs to the estuary surface is ~ 25
curies.

" The total supply of **Cs from the reac-

tor since 1967 has been ~ 35 curies with

~ 20 curies released in 1971. Thus, di-
rect fallout and reactor releases have sup-
plied comparable amounts of 'Cs to the
Hudson estuary.

There is a very large reservoir of fall-
out " Cs in the soils of the Hudson drain-
age basis (~ 4 X 10? curies for the total
drainage basin of ~ 3.5 X 10 km?).
Some of the '*Cs from this soil reservoir

has undoubtedly reached the Hudson es- -
- tuary, but the magnitude of this source is

not simple to establish. We have esti-
mated the input from.the drainage basin
to be ~ 60 curies, but this number has a
large uncertainty (/3).

The rate of removal of "Cs from the
Hudson estuary is also difficult to estab-
lish. Dredging of New York harbor is
nearly continuous at a few cxtremely rap-
id shouling areas, and occurs at least
every few years at many other sites (I4).
Duringthe past 15 years, the average an-
nual removal of sediments has been
~ 4 % 10" tons (dry weight) (/5). Assum-
ing that 50 percent of this mount is taken
from shoaling arens with fine-grained
sedimenﬁ having a mean ' Cs activity of

pc/g., then the total removed over 10
years has been -- 20 curies. We have no

direct means for estimating loss of YeCs
in solution and on suspended particu-
fates. Assuming our other budget esti-
mates are correct, the total nutflow loss
has heen ~ 90 curies.

We have also analyzed a number of
Hudson sediment samples for ="
(16}. Conceniration profiles of #*
ihe thrce sediment cores discussed car-.
lier are shown in Fig. 3. Variations in the
activity of #"#Pu with depth are not
identical to those for (s in the harbor
core, but the general similarity in the dis-
tribution of both radiouctive elements
within each of the three cores is obvious.
This would be expected i transport and
accumulation on particulites wergimpor-

tant for both 2Py and "Cs. Covari-
ance of fallout ™Cs and ¥ Pu in sedi-
ments of freshwater lakes has also been
abserved in the Great Lakes (7) and in
soil profiles (5). In the occan, #*""Pu is
much more rapidly and completely asso-
ciated with particulate phases than is
WiCs (17).

We cannot establish budget terms for
2021°py i the Hudson as well as for
197Cs at the present time. The activities
of #w2wpy present in global fallout are
1.5 to 2 percent of that of ***Cs. The ratio
of 221py o %°Cs in Hudson sediments
reported here ranges between | and 7
percent, with most s imples in the runge
2 10 3 percent. By analogy to the WiCs
budget for the Hudson, the sediment bur-
den is ~ 0.2 curie (Table 3), while the di-
rect input from fallout is ~ 0.5 curie and
the loss by dredging is ~ 0.4 curie. We
estimate the contribution of *2py
from the soils of the drainage basin to be
~ 0.5 curie (I8), a smaller proportion of
the input than was true for "Cs. Again,
this input is not well determined. We do
ot have any direct estimate of #*""Pu
which might be derived from the reactor
at MP 43. If such releases have occurred,
they do not appear to have been large
compared with the fallout source.

Our primary conclusions follow.

1) Cesium-137 can be a valuable trac-
er for recent (last 10 to 15 years) accumu-
lation "of fine-grained sediment in es-
tuanes (/9). ’

2) Particulate phases play a significant
role in the transport processes for both
11 and P92Py in turbid estuarine wa-
ters. '

3) Sedimentation. in the Hudson es-
tuary occurs primarily in the harbor adja-
cent to New York City and in freshwater
or low-salinity shallow marginal coves
Accumulation rates of scdiment in the
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harbor approach 5 to 10 cm/year over

large areas, which is more than an order
of mugnitude greater than the long-term
(last 10' years) average for the Hudson.
Recent sediments within the harbor con-
tain readily measurable activities of gam-
ma-emitting nuclides derived from a nu-
clear reactor and released more than 60
km upstream of New York harbor. The
activities of reactor nuclides in Hudson
sediments are comparable to those of fall-
out nuclides found in.surface soils on a
global basis and do not currently appear
to present a biotogical hazard to humans.
The_ present distribution of nuclides de-
rived from low-level releases ol a reactor
which has been in operation for more
than a decade can provide valuable infor-
mation as to the likely transport path-
ways of radionuctides in the event of a
major release to. the Hudson estuiry.
H. ). SimesoN
C. R.O1sEN
R. M. Trakr
S CoWanass
Lamont-Dolierty Geological -
Observitory .
and Department of Geological Sciences,
Columbia University,
Palisades, New York 10964
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Table 1. Anthropogenic radionuclides in Hudson estuary sediménts: discrete samples. Sample
locations are given as mile puint (MP) upsiream of the southern tip of Manhattan (Fig. 1). Uncer-
tainties reported for sediment activities are based only on 1 standard deviation counting stutis-
tics for both the photopeak and background adjucent to the photopeak. The *Cao data are aver-

" ages fromn two photupeaks. Aclivities are reported in terms of the date of sample collection.

Samples with negative net aclivities are reported for the counting date and no attempt was made

" to extrapolate to the date of collection.

Depthinterval o S
PN Activity (pc/kg)

Collection Location in sediments
. of ;
date ol (cm) .
| sample orsample type YWCs WCs Co 213.245Py
25 October 1973 MPO.1 0-5 1260 238, 230 =33 190 = 18 327 =24
’ 5-10 1795 = 60 395 =56 300 =27 31.7 =32
_10-15 1995 = 56 480 = 58 245 * 18 . 433 £ 3.0
15-20 960 =44 13533 6520 458 =32
20-25 1030 =40 175=33 125 %19 264 =12
25-30 570£28 —~1=10 59=16 385=13
30-35 0 925 %49 2233 100x28 485 1.6
35-40 1190 =40 7524 152 =19 =
20 June 1975 MP18.6 0-1 580+ 25 19=10 6710 129 =09
’ 1-3 T 8§25 45 22221 64 =21 12408
34 410 = 20 5+8 4 +9 11.1 =08
4-5 335+25 3513 51=x16
: 5-10 —1;15—11110 - 8x13
11 June 1975 MP43 0-10 2700 = 72 345+ 42 400 =27 25.0=1.6
29 August 1973 MP53.8 - 0-5 2475 =63 9826 - 69 =19 69.2 %64
S.10 - 1825+68 17x32 19220 52.1 x43
- 10-15 210> 17 - 810 1511 57=04
- 15=20 2617 -15x11 30=15
202 35223 0=12 7+18
- 50-55 9 * 14 79 13z15
30 September 1975 MP 18 Suspended 1260 =35 210 =25 145 =18
- solids® - : ’ g
20 April 1976 MP24 Suspended 1135 =35 101 =15 100 = 12

solids*

*Samples of suspended sédimenls were collected with 2 continuous-flow centrifuge and large settling tanks
during two high-runaff episodes, one following a pericd of abnormally heavy rainfall and the other during the
normal spring discharge peak. : : ’ : .

" Table 2. Average radionuclide ratios in Hudson sedimenits and reactor releases. Ratios'are re-

ported in terms of the activities during the yeat indicated. even if collected at an earlier date.
Ratios for 1975 are reported to | November, using half-tives of 30.0 years ('°Cs), 2.1 years
("*Cs), and 5.2 years (*"Co).

€aro an : R . AT i a7,
reporting number of ﬂcdi::entg Source - Cs/Cs Col™Cs
~samples . ° (cm)
1975 MP43 (D) 010 Reactor site: large composite 013 0.18
surface sediment
1975 MP-1.6t0 0-10 New York barbor cores 0.07-0.11  0.07-0.15
MP6(6) - ’
1975 MP53S5 10 0-5 Foundry Cove {upstream of 0.02 0.02
MPS4(13) reactor site) cores :
1971 - MPASto 010 Reactor region: surface sediment (2) 1~ 0.6-0.7  0.12-0.36
MP49{3) . ‘ o
1971 : . Reported reactor releases for , 0.73 0.21
yearof maximum discharge i8) )
1975 N ) © Reactorreleases (decay corrected . 0.22 0.14

1971 to 1975) o

53.4% 1.0

[3.9% 0.9




Table Y. Suminary of budget estintes for

e and TP in the Hodson estuary. Val-
ves in parentheses have the largest uaver-
tainties,

Activily (cunies) |
E _— Sutnee G

Sediment burden

High sedimentation arcas ~5 S0 X
(~10 percent of estuary) .
Low sedimentation areas = ~3 ~0.1

(~90 percent of estuary)

Direct inputs to estuary ;
Fallout on water surface ~25 ~0.5

(rain and snow) .
Reactor dischargeto water  ~35 2

Other inpuis to estuary
Soil erosion from drainage  (~10)  (~0.2).

basin - . .
Dissolved ninoff from (~s0) (-0.3) -
. .. drainage .
Removal from estuary .
Dredging ~20 ~0.4
Qutflow (by difference) (~90) (~0.4)

-Fig. 1. Location map . .
of _analyzed cores . . . ) ) © WP 43
from the Hudson es-
tuary. Samples " are -
designated in terms of

- the number of miles
(MP = mile point) up- . -
stream from the south- . ‘ : : _ Subtidal
em tip of Manhattan. MP 186
One  repvesentative

core from' each of ]

three locations is in- - b
dicated by ®. The - 3 "
harbor salinity south
of  Manhattan ranges
between 18 and 26 per
-mil  Saline water o . . .
(= 0.1 per mil) in- D p——— R
trudes upstream’ to
~MP 15 during spring-
time high discharge of
fresh water and to
~ MP 60 during aver-
_age summertime con-
ditions (20).

Hudson River
/ Estuary .. T

41°00° —

Fig. 2. Cesium-137 depth profiles in’ Hudson
estyary sediments. All data were normalized
. to National Bureau of Standards environmen- .
tal radioactivity standard 4350 and are ex- .
pressed as aclivity per dry ‘weight (1
pc = 1071 curie). Activities at the core tops

_vary over a large range, presumably because }4’/ 20 '/ZPICRJ/’{

73°30°

i H

miles

of variations in sediment grain size, organic.

. . content, and percentage of fine-grained partic- . Se eW?o' v . F;G~ _f .
ulates which have been exposed to water with . . _5.IMP5 oM 4 ] _ . \ .
a rclatively high "'Cs activity over the past ‘ :

decade or so. The profile shown for the subtid- wrawm ! e ALTICLE i
al bank site is a composite of four points (0 to ] _ ,\_F_‘.(_.‘Li‘————--—————‘ R P
- § ¢cm) from a large grab sample sectioned at 1- gpgrmrﬁ: - .

to 2-cm iatervals and one point (5 to 10 cm)
from a core taken at the same site. The core
from the harbor shown-here has significant )
1:Cs activily to the bottom of the sample (40 o . ' ' -~
cmy). Other harbor cores within a kitometer of

this site have comparable activity to 70 cm, - - 450

‘while others reach background levels between

50 and 60 cm.

Fig. 3. Depth profiles of >*2*Pu in Hudson es- - .
tuary sediments, cxpressed as activity per dry

weight. The distribution of ***Pu in thesc

cores is similar to that of ¥Cs (Fig. 2).
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A GEOCHEMICAL AND SEDINENTOLOGIOAL ANALYSIS OF THE SEDIMENTS
AND-SEDIMENTARY STRUCTURES IN THE HUDSON ESTUARY
" C.R. QLSEN, H.J. SIMPSON, S.C. WILLIAMS, T.-H. PENG and B.L. DECK
 Lamont—Doherﬁy Geological Observatory of Columbia'Universitj,

Palisades, New York 109¢4

ABSTRACT: Geochemical and sedimentological studies have been.
conducted on one 6 m core and on a series of 1-3 m cores-taken_
over ~100 km'bf the Hudson Estuary._ Each gram (dry-weight
basié) of éstuarine silt cqntains:A organic matter 30-100 mg;
carbonate generally <30 mg; quartz 150-400 mg; potaséium 18-24
mg; zinc 50-350 pg; copper 15—500 ug;band iead 20-800 pg. In
most localities, the higher trace metal levels, as well as
anthropogenic detritus (e.g., metalliferous slags, fly ash,
and coal), and reactor- and bomb-produced radionuqlides (e.g.,
13703, 134Cs, and 6'OC‘O) are éonfined.to the uppér 10 cm of
sediment; but in the inner harbor area of -New York they have
been observed to sediment depths on therrder of 60-80 cm, In
some areas of the iﬁner harbor the vertical distribufion of
thesé radionuclides indicates sedimehtation rates of 5-20 cm/yr.
The top 10 cm of the inner harbor sediment is highly

liquéfied and the top meter shows extensive turbation, although

'_distinct'sand layers and laminated zones are present. The

1 tgrﬁafion.may haVé fesulted from the release of'entrapmentbof-_
biochemiéally formed gases, as welI as,from meéhanical mixing
of éeéiment by.organisms. The inner harbor sediménts cdntéin

relatively high concentrétiqns of trace metals,'anthr0pogenic'



radionuclides, and organic matter. ‘14C analyses of this
organic matter indicate that the major source of carbon is
recent sewage, nearly all of which is discharged in this area
of the estuary.

The fine—grained sediments of the natural channel and sub-
tidal bank upstream of the. 1nner harbor, are characterlzed by
alternatlng layers of fine sandy silts and clay—rloh silts, on
a mm to cm scale, Below the Tappan Zee coarse sand and shell
layers, 1-20 cm thick, occur at the chamnel surface and are
interiayered.with zones of laminated, fine;grained:sediment at
'depth; Radiocarbon dating of shells and shell layers indicates
a minimum net sedimentation rete of 1-3% mn/yr during the past
3000 years. In cores taken on the subtidal bank coarse sand-:

" shell layers are absent, but turbate zones, 1-10 cm thick occur
at the surface and are interlajered with the laminated zones
~at depth. l4é'dating of the organic matter in the surface
sediments indicates that the carbon is predominantly.old; re~
cycled carbon and not newiyefixed carbon from sewage disposal |
or phytoplankton activity.

One possible interpretation of the sedimentary structures
that is consistent with the geochemical data is: (1) the
1am1nated fine-grained sedlments are depos1ted when the Hudson
transports relatlvely hlgh concentratlons of sedlment such as
B durlng,severegstorms; (2)~the coarse sand-shell layers result
from increesed.sand transport duriné high—energy (storm) condi—‘b
tlons or from tldal scour under normal flow condltlons- (3) the o

turbate zones represent perlods of slower or no depos1t10n
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during normal flow cohditions; and (4) the everyday tidal
 and estuarine prooesses are causing fhe.rapid,aocumuiation
"of recent "polluted" sediment in specifio'areas, such as in
the inner harbor and in protected areas alonﬂ the sides of

the estuary, upstream of New York City.

- INTRODUCTION |

Numerous physical, chemical, aﬁd.biological factors influence
estuarine sedimentary processes and patterns. . These include".
alternating tidal currents, flocculation effects, eetuary
morphology and its associated local hydrologic oharacteristics,
. blo—-agglomeration -and bioturbation, humar activities, miltiple
sediment sources, and a non-tidal, two—layer“estuarine circula-
tion pattern, Non-tidal estuarlne 01rcu1at10n is charaoterlzed
| by an upper fresh-water layer with a net seaward flow and a
denser, more saline bottom layer hav1ng a net landward flow
(Pritchard, 1955). Suspended matter is carried downstream in
the'upper layer and gradually settles info the more saline
bottom layer. This settling may result from: (1) flocculation
and aggregation of susperded particles due to an increase in
salinify (Edzwald and O'Melia, 1975) or agglomeration oy organ-
isns (Meade; 1972), (2) varlatlons in the- current ve1001ty

1 assoclated with alternatlng tldes, and (3) reductlons 1n the

‘”1'“current Speed resultlng from an increase in cross sectlonal

o area, 1solated morphological features, such as coves, or

A.'artificial.obstructions, such as piersvor_dooks; Sedimentary
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matter in the bottom layer is trensported upstrean, eitherv
under theAinfluence~of tidal processes (Vén Straaten and
Kuenen, 1958; Postma, 1967), or non-tidal eéstuarine flow
(Meade, 1969). Consequently, estuaries act as effective
sediment traps, and'are:sites where sediment accumulates
rapidly. o

Deposition is most pronounced in-areas where the tidal or

-estuarine flow is hindered or dissipated, such as in coves,

around piers, docks and natural points, and near the end of

the salinity intrusion (Ippen, 1966; Schubel, 1968). Wide-

4spread deposition may also occur during slack water; however,

during later tidal cycles this material may be resuspended,
transported, and redeposited (PanuziO5 1965; Schubel, 19683
NlChOlS, 1972; Oviatt and Nixon, 1975).

This picture of estuarlne sedimentation 1nvolves only -
processes that occur on a regular basis during conditions of
average river flow, Recenfly, however, more attention has
been given to the erosionalAand depositional aspects of storms
in coastal areas (Ball et 'sl., 1967; Hayes, 1967; High, 1969;
Reineck and Singh, 1972; - Swift gz_gl;; 1972; Schubel, 1974a;
Sanders and Kumar, 1975; Kumar and Sanders, in press), and
several investigetors have attributed deposits in the strati-

graphic record to storm act1v1ty (Hobday and Readlng, 1972

‘Ager, 1974 Kelllng and Mullln, 1975)

In order to elu01date the sedlmentary processes in the hudson

.Estuary and to determlne the character and dlstrlbutlon of the

sedlments,Ageochemlcal and_sedlmentologlcal_studles have been‘



conducted on a series of cores (Fig. 1) taken from fhe
Narrows (mp -6) to as far upstream as Newburgh (mp €0.5).
A1l mile point (mp) designations indicate the.disﬁande in
statute miles along the channel upstream from the souﬁhérn
tip of Manhattan (mp 0). Particular_atténtion‘haé been
given to a set of cores and graﬁs taken across the estuary
at mp 18.6. (Figs. 2, %, and 4). This area was chosen on the
basis that: (1) it generally lies within the zone of two-
layer éstuarine circulation and undergoés large'salinity
variatibns-during a tidal cycle, (2) there has been no dredging
in the area as recorded by the Army Corps of Engineers,. and
(3) a piston core 6 m long (V32—O2j had been taken in this area
at the conclusion of R/V Vema Cruise 32, ieg 1. An added
advaﬁtagé to this site is its proximity to L—DGO, allowing for
- rapid extrusion, examination, and analysis of -the cores.

in this paper we first describe the kinds of sediments and
the observed sediﬁentary structures for several cores taken in -
different areas»of the estuary. Secondlj, we preéent‘chronol—
ogies for several cores, includihg V32-02, on the basis of
: i4 ‘ 157Cs, 134Cs,l

TC dates and the vertical distribution of and

6000 in the sediment. Thirdly, we present trace metal data on

. both "polluted" and "non-polluted" sediment., Finally, we have
| étfémﬁted to’correiaté the gebcheﬁiéal data with the observed’
: sedimentikindsjand éédimentary'étructures aﬁd thus to gain

- some- understanding of éedimentary proceSéeS ih ﬁh¢.Eu&sdn -
fEétuary,. Becausé éétuarine organic silt has an affinity for :

radidnuclides,'hydrbqarbons, arid metals commonly associated
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with domestic and industrial wastes, such an understanding

is critiéal»in the prediction of the disPeréal and accumula-

tion of many pollutants.

Hydrology ahd Geomorphology

The»Hudson is one of several major.estuarine systems on
the_northéastern Atlantic'coastline of the United Stateé and.
drains an area of approximately‘55,OOO'km2, For the purpose .
of this paper the Hudson Estuary is defined as extending from

the Narrows (mp -6) to thevupstream limit of the salinity

intrusion (2100 ppm Cl). The average fresh-water discharge

is 550 ma/sec; with mean monthly maxima and minima of 1200
m’/sec and. 60 n’/sec (Simpson et al., 1974). Three major
storms in the last 75'yéars have caused flows of 6320 ma/sec
in 1913; 6090 m’/sec in 1936; 5130 m>/sec in 1948 (U.S. Geol.
Survey Water Resources Data for New York, 1973; Abood, 1974).
Tidal flowsAaverage bétween 8000 and 11,000 m5/sec, and thus
completely mask‘the net fresh—water'flow'ffom any direct meas-
ﬁrement. Thé tidal current reaches a makimum'velobity'of
about IOQ cm/sec, and tidal—stage fluctuations beﬁween 1l and
2 meters are felt as far upstream as the dam at Troy (mp 154) .,
The most fundamental physicai parameter 6f any estuarine

system is the salinity distribution. In addition to control-

- 1ing net water motion, the salinity distribution is a critical

parémeter:to thevbiQ1ogical communitj and greatly affects the

" dynamics of the suspended load. The salinity distribution

' aiong;ﬁhe_aXis of the Hudson Estuary varies daily with tidal

amplitude .and seasonally with river flow (Pritchard et al.,
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'1962; Quirk et al., 1970; Simpson et al., 1974). During low
fresh-water flow the salt intrusion varies from.mp 60-80 |
(Abood, 1974) and during conditions of high fresh-water flow
from mp 10-20.

On the basis of the sedimentary record, depth profiles,
and'morpholpgy the estuary can be subdividedlinto three regions:
(1) fhé inner harbor, which extends from the Narrows (mp 56)
to the Geqrge Washingfon Bridge (mp 11), a éite of.rapid shoal-
ing; (2) the river estuary, extending from the George Washington
Bridge to the upstream limit of the salinity intrusion, gen—
erally characterized bj channel and Subtidal bénk depositional
énvironments, as illustrated in Figure 2; and (3) marginal |
zones, which include broad, shallow reaches, such as Haverstraw
Bay, and'protécted areas along fhe sides of the estuary, such
as Foundry Cove. | |

Downstream of mp O, the morphology ié extremely complex,
with numerous tidal straits, and dredged channels, ‘Between
mp O and mp 22, the Hudson is remarkably linear and can be
classified as a partially mlxed estuary, in whlch tldal cur-—
rents go through a complete reversal at all depths, but vertlcal
mixing is not complete (Panuzio, 1965). At the surface, the
ebb Velocity and: the duration of . the ebb cycleAexcééd the flood
Velocity énd.duration'of the flood;cycle; Whefeas at the bottom;.
the ve1001ty and duratlon of the flood cycle exceed those of
the ebb (Abood, 19/4) |

The reglonal geology and magor morphologlcal feétures 1n ’

the v101n1ty of the Hudson Estuary have been summarized by
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 Berkey (1933), Schuberth (1968), and Sanders (1974). The
Pleistocene stratigraphy, paleontology, and paleoecblogy of

the Hudson Eétuary have been discussed by McCrone and Schaffer
(1966), Newman et al. (1969), Sanders (1974), and Weiss (1974).
Saline estuarine conditions were established approximately‘ |
11,500 years ago (Weiss, 1974) based upon the appéarance of -
foraminifers in . the sedimentary record., Coring and geophysical
"profiling_at Nyack (mp 24) indicate that the estuarine layer

of organic silt ranges between 10 and 60 ﬁ thick (Worzel and
"Drake, 1959). It this layer were deposited during the last
11,505‘y¢ars,”the fesultihg sediméntation rate would‘ﬁelon

the order of 1-5 mm/yr.

PROCEDURES |

A 22-foot pontoon boat equipped with a small hydrographic
winch has been ﬁsed extensively for shallow-water work in the
Hudson Estuary. BSurface grab samples were taken with a shipek
grab sampler, énd oéres 50 to 704cm long, having a diameter of
'5.5'¢m, were taken with a 150-pound Miils gravity corer. A
small Alpine piston corer, having é diameter of 3 cm, has also
been used to take 2-3 meter cores. Both the piston and gfavity
core barrels were equipped with removable plastic liners, which
elimihated oﬁboard extruding procedures and pro&ided.maximum
,prbtectibn.dﬁring transport. - The liners Were kept in a vertical
positién; and'the overlying water waé usualiy‘drawn éff with a
syringe to pfé&éﬁf theVSurfacefsediment frdm"SIBshing around

" inside the liner. Upon returning to the lab,.we immediately ’
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extruded‘ split and air dried the cores. After‘drying for
3-to 7 days, lamination in the organic silts became apparent
resultiné<from the preferential drying of the fine sandy silt
layers relative to the clay-rich layers.

Samples of estuary sediments mere examined under a scanning
electron microscope (SEM), and the elemental comp031tion of
individual particles was determined with an Energy—Disper81ve
X-ray .Fluorescence analyzer (EDXRF)., Approximately 300 par-
tieles were randomly examined in both the sand-size and silt-
size range at mpvl8.6 to determine the representative mineral
composition, Percent carbonate was determined.by adding dilute
HC1 to the sediment and measuring the volume of 002 emitted.

Subsurface shell layers were removed from several of the

140. To obtain enough carbonate

channel cores and analyzed for
(5-20 g) to date the shell layers at 21-23 cm and 50 cm in
gravity core 18.6—1M'(Fig;15),.several“cores”were'taken at the‘
same'anchoredlstation, and the shell layers were combined.
Extreme care was taken to combine only the layers from cores

14

which displayed identical stratigraphic relationships.
analyses were also completed on the organic matter in the
surface sediment at three different locationsi

The act1v1ty of 13705, 6000, 154 40

Cs, and K as a function
of depth in the sediment has been. determined for almost all.
:.the'cores located in Fiéure 1. The aotivities were measured :

d' with a Ge(Li) detector,'and the spectral 1nlormation was .

- 'obtained With an 8000-channel analyzer. ‘The sediment samples

were air dried broken up with a porcelain mortar and pestle, o
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'and'large debris such aslrock fragments, shells, slag, and
coal were removed, - The samples Were éealed in 100-cc aluminum
cans or 6.5-cc plastic petri dishes to.maintain a constant
counting gebmetry.. The samples were generally counted for |
8-16 hours, and calibration was based on an envirohmental
| fadibactivity standard (#4350) supplied by fhé‘NatiQnal Bureau .
of Standards. ‘Statistical errors have been rep@rted.in ﬁerms
of 1 sigma. | |
Quantative analyses for coppér, zinc, and lead have alsoA
beéh determinéd as -a funétion of depth in several cores. The
metal concentrations were measured by étomic‘absorption, and
- the metal—extraction procedures have been described by Wiiiiams

et al. (in preparation).

SEDIMENTS

The surface sediments in‘the Hudson Estuary’frequently
contain oil coatings, coal,.taf, bricks,'fly ash, and metal-
liferous slags. This anthropogenic detritus is generélly |
confined to the top 10 cm, but may be as deep as 80'cm depend-

A ing on thé rate of deposition and the extent of surface sediL
'ment.reworking. .

The fine-grained sediments between mp o) énd mp 60 generaliy
céntain less than 3% carbonate and between 3 and 10% organic
maﬁter as determined from the weighﬁ loss-on-ignition at 550°C..
This agreeé reasonably well with the 5-6% bxidizable_organic
matter.febofted.by McCroﬁe <l967)'in the chénnel sedimentsA 
. between mp 76 and'mp‘4l, and“ié siightly ldwer.ﬁhan the loss<

- on-ignition values obtained by Gross et al. (1971) for areas
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south ‘of mp O. ILoss-on-ignition values may exceedfthe'amodnt
of organic matter -due to the partial decomposiﬁion of some
minerals when heated to 550°C (Gross'gﬁ_ai?, 1971); but the
range of 5—10% organic matter in the fine—grained sediments
of the Hudson is probably valid.

' The dominant clay minerals in the ‘sediments have been
reported to be 1111te and chlorite with some montmorlllonlte,
kaolinite, and mixed-layer clays also present (McCrone,~l967;
Owens et al., 1974). Representative mineral composition of
the sand- and silt-size fractions based on our daﬁa is given
in Table 1. The percent 510, has been determined on the basis
of relative number using the SEM and EDXRF system (Table 1),
and on a dry weight percent basis using differential thermal
analysis (Table 4). The aluminosilicates were classified on
the basis of the cations present, Al/Si ratios; and morphology.
The heavy minerals consisted of amphiboles, pyroxenes, epidote,
garnet, sphene, and tourmaline; the lack of magnetite is
_notable, It is also evident-from the data presented in Table
1 fhat there is a greater percentage of feldspar relative to
quartz in the silt-size range; probably a result of the greater
potential of feldspar‘for phjsical and chemical breakdown.

_ Gra1n—s1ze analyses were completed on surface samples taken
| from cores in both the channel (18.6-1M and 18 6~3M) and sub-

4 tldal bank (18 6~5W) at mp 18 6 The median dlameter-for the
"surface sedlment in both channel cores was 0,65 mm and the A

Fines (<o 065 mm) composed only 9% (18. 6—11"1) and 3% (18. 6—3M)
of the total sedlment welght On the subtldal bank (18.6- SW),.._

however, flnes composed 98% of the surface sediment, indicating
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that the subtidal bank is presently more conducive to the
depositioﬁ of suspénded sediment or is less affected by the
strong fidallcurrents; which may winno& away much of thé fine
material in the channel. | |

In the channel from mp 13 to mp 24 coarse sand.and shell
- layers occur at the surface and at depth. VThese layérs may
consist almost entirely of coarse sand br of shell debris,
. but frequently they are'a mixture of both, ranging from 30
to 70% carbonate material. |

In the inner harbor;'thé surface sediments consisf of fine
sandy silts with reported median graih'diameters between 10 
and 60 microns (Gross, 1974). The coarée material which
characterized the surface channel sediments between mp‘lB and
mp 24 was not observed ét the surféce.of the natural channel
in the inner harbor, but layers of medium— to fine-grained
sand were observed in several cores at depth. |

Frequently the bottom sediments'have a highly liquéfied,
.olivé—brown (oxidized)_layer which lies at the sediment/water =
interface. The layer ranges from O.i to % cm thick and is
composed of soupy, unconsolidated, fine—gfained matter which
may be easily eroded, transported, and redeposited during -
‘alternafions‘of the tidal current; FSimilar oxidation layers
" have been.observed;in thé Jaméé'River Estuary (Nichols, 1972),:
in shallow marine bays (Oppenheimer, 1960), and in the Dutch
.'Wédden.Sea‘(Vén.Straéteﬁ;‘1954). It has been propbsed that
thé bfbwﬁish c§ldr'of:the lajer is due to the.presehcé.of:'

iron-hydroxides (Van Straaten, 1954), which in time are reduced
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to monosulfides (hydrotroilite) and then to disulfides
(pyrite) in the anoxic sediments below (Emery and Rittenberg,
1952; Biggs, 1967). |

The sediments below the oxldation layer wereteither black;
gray or olive-gray in color., Black sediments ere oharaoterisbic‘
of cores taken in the inner harbor; Within a few hours after .
extrusion, the black sediments faded to olive—gray, presumably
reflecting the instability of hydrotroilite (FeS nHQO), to
.which the black color has been attributed (Biégs, 1967). Sev-
eral of the inner harbor cores penetrated gray sediment‘below
60 to 70 cm; but these cores were not 1ong-enough to establish
the thickness of this gray layer or to detenmine if the gray
color characterizes the sediments at lower depths.

Cores from the river estuary and from marginal shellow zones
were olive-gray in oolof, frequently over fheir entire length,
but occasionally a black layer a few centimeters thick was |
found near the surface@ ‘In a few cores alternating bands of
olive—grey and gray sediments were present (Fig. 7B).

Wt
£

Shells
The shells of the subsurface layers (ohannel mp 13 %o mp 24.)

cons1st almost entirely of a small clam, Mulinia lateralis,

whlch lives 1n the muddy sedlments of marine and bracklsh waters
(Jacobson and Emerson 1971) Although layer ooncentrates of
Mulinia have been found in. ohannel cores taken as far upstream

as Plermont (mp 24) living Mullnla appearhtO'be restrloted:to .b
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the areas south of Yonkers (mp 17) and are found most often
in the muddy sediments of more saline waters near the Battery

(mp 0)(Shaw, 1975). The_breéent scarcity.of.living Mulinia
- between mp 18 and mp 24 and their virtual restriction to the
" more saline waters is contradicfory_to the large number of

14

'shells concentrated in these subsurface layers. The old C

qu) indicate,

ages of these layers (see Table 2 and.sedtion on
however, a former more extensive distribution of living Muliniag
in the.estuarineAmuds north of theABattery;' Their present
raritj-maj.be a result of a decrease in estuarine salinity.
Weiss (1974) noted that such a decrease has occurred during

the past 230000 years, on the basis éf foraminiferal evidence,
and attributed it to the rapid accumulation of silts, which

may act to reduce the landward penetration of the salinity

intrusion.

Several marine snail shells, Urosalpinx and Nassarius, have

also been found in the layers of Mulinia., Other invertebrate

shells that are frequehtly found in the estuarine sediments

include oysters (Crassostrea virginica), clams (Macoma and

Mya arenaria) and mussels (lMytilus and Mytilopsis).

SEDIMENTARY STRUCTURES
Alterﬁating layers of fine sandy silts énd clayey silts,
on the Ordgr of a millimeter to a centimeterithick, characterize
the fine¥grained sediments in mahy of thé cores eXaminéd (Fig;
54). In éores'taken'inAthepchannel‘between mp‘l? and mp- 24,
~these laminated sediﬁents'are‘interlayered with coarse sand :

‘and. shell layers (Figs. 3 and 4), which are 1-20 cm thick and
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occur at intervals of 10 to 50 cm. 'Occasionally these layers
are graded (Fig. 5B), starting with whole shells and grading
upward.through coarse sand and shell fragments, and finélly
into laminated fine-grained sediment. ‘The graded character
of these layers suggest that they have been deposited as a
unit, perhéps.during high—enérgy events, such as sforms,
Frequently, however, these éoarse sand-shell layers are not
graded. These noﬁgraded layers may be similar to the mixed
sandrshéll layer now found at the surface of the channel,
where strong tidal currents winnow away much of the finer
material.‘

Numerous animal escape traces, originating from.the coarse
sand-shell 1ayer and migrating through the laminated silts,
have‘been observed in the channel cores'(Fig.’B). These escape
- traces suggest that the overlying non-turbated and finely
laminated sediment was deposited very rapiqiy (Reineck and
Singh, 1973).

'In cores taken from the subtidal bank alternating layers
of fine sandy silt and clayey silts'dominate the sedimentary
record. Coarse sand and.shell layers are missing, but non-
laminated zones, 1-10 cm thick, separate the zones of lamina-
tion (Fig. 6). These non—laminated zonés oécur at intervals
of 10-50 cm and afe probably a resuit of tufbation, The top -

few.centimeters of the sediment_are’aiso génerally turbated.
The &-meter core (V32-02) taken in the channel at mp.18,6~3
" records a change in lithology at 300 cm (Fig. 4). Wheress

the top 300 cm contazins many coarse sand and shell layers,
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the sediments below BOO cm consist almost entirely of

- laminated fine'sand 811t and clay and thus olosely Te-

semble the 5 m cores taken on the adjacent subtldal bank

This change in lithology may record a shift from a subtidal

A bank to a channel env1ronment

The top 10 to 15 cm of cores taken in the inner harbor
consisted of highly liquefied black sediment, below which )
the sedlment was more cohesive but exten51vely turbated.

The turbatlon was a result not only of mechanlcal mixing by
organisms but also of the release or entrapment of bio-
chemicaily formed gases, - Several of the meter-long cores.

were turbated over their entire length, showing only hints

of lamination. Distinct zones of lamination,'however, were
occasionally observed. The laminated zones occurred more -
freqnently in cores above mp 5 and in the channei ~ Subsur-
face layers of medlum to fine- gralned sand, from 1-15 cm thlck

were also occa31ona11y observed in several inner harbor cores

'below mp O,

Secondary Gas Structures

Gas fissures, attributed to the production and release of
methane (CH ), were frequently observed in the Hudson estuarine
sediments, Flgure 7A shows a large gas bubble formlng on the

outside of a core which has Jjust been extruded, and Flgure 7B

- 1llustrates the gas flssures observed when the core was spllt
'181m11ar gas fissures have been noted by Schubel . (1974b) in the‘
: sedlments _of Chesapeake Bay.
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‘Gases such as CO,, N,, H,S, and CH, are released into the

interstitial waters of the sediment by the biochemical degra-

‘dation of organic matter. In the Hudson Estuary, oxidation

of'organic.matter by free oxygen is confined to the olive-
brown layer near the sediment/water interfacef Below this
zone, oxidation continues by means of anaerobic bacterial
processes - denitrification, sulfate reduction, and.methane
production In recent years, extensive studies have been

conducted on the phy81cal, chemical, and ecologlcal constralnts

‘which govern these anaerobic processes (Kaplan, 1974). It

appears that methane is not produced at an appre01able rate
until almost all of the dissolved sulfate in the interstitial
waters is removed by sulfate—reducing bacteria (Martens and
Berner, 1974). Reeburgh (1969) did not detect any CH, in the
upper 10 to 20 cm in cores taken in Chesapeake Bay, but found
that CH4 could form bubbles at greater depths and concluded
that embullitionvcontrois the maximum concentration of methane
in the sediments, |

In the interstitial waters of the Hudson Estuarj, CH4 abun-
dance ranges from 1 pmole/l to its ;gigitu saturation value of

107 pmole/l (Hammond, 1975). Bubbles may form at any depth

. when the concentration of CH4 approaches its in situ saturation,

and the release and partial solution'of bubbles is an important_

factor in methane trarsport across the sedlment/water 1nterface

'(Hammond 1975) Bubbles, however, may also become entrapped

in the sedlment formlnv secondary gas structures and. resultlng

in gaseous sedlmentary zones that are acoustlcally-turbld to_»
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‘seismic profiling (Worzel and Drake, 1959; Schubel, 1974b),
Gas fissures often completely obliterated fhe primary

sedimentary étructures of seneral metér—long cores taken in
the inner harbor. nIn other areas of the estuary, gas fissures
éenerally occur below %0 cm in the sedinent (Fig;'B) énd are
‘not so'numernus as to destroy the primary strucfures;v The
.marked incréase in the odcurrence of gas fissnrés in then
sediments of the inner harbor méj'reflect the additional

input of organic-sewagé to this area.

CARBON-14
To gain an understanding of the radiocarbon chemistry in
the eétuary and in an attempt to obtain an estimafe of the'net
sedimentationkrate, 140 analyses were conducted on surface
shells, subsurface shell layers, and the organic matter in the
surface sediments; The tjpe of material dated and the radio--

carbon ages are listed in Table 2. The radiocarbon ages for

Mulinia lateralis are layef.averages based on 50 to 150 shells,
Cores 18.6~1M (Fig. 3); V32-02 (Fig. 4), and P21,7M were taken
'in the channel between mp 18 and mp 22,4 Grabko;IW'waS'taken
at the same location as‘coreno;lw (Fig. 1) and grabs G42.5W
and G18.3W are located in Figure 1.

Interpretation

- The shells at the'sediment surface contain excess qu

produced by nuclear‘weapons tests and;ﬁhus_give future ages
when presented in radiocarbon years (Table 2). These bomb-
_contamingted ages indicate that the surface shell material

formed during recent times;Ai.e;, <20 years ago, and that



. 20 -®
this recent‘matérial‘was not lost during coring operations. .
~Although the surface sediment at mp 18.3 contained carbon-

140, the humic acid fraction

ate shells with measurable bomb
of the brganic matter yielded én age of ~2000 years, whiie .
the residual organic matter gave an age of ~4000 years. These
dates indicate that the orgénic maﬁter in the\surface sedi-
mnents at mp 18.3, aslwell as at mpv42;5, is predominantly
~recycled pld carbon, perhaps from soils of the drainage basin
or reworked from sediments in other areas of the Hudson River, -
and is not newly fixed carbon from sewage dispoéal or phyto-
plankton éctivity (Simpson et al., in preparation): The bomb- |
contaminated age of the organic matterAat mp O.1 refiects the |
additional input of recenf organic sewage to this area;
The'cbarse surface Iayer of the natural channel between
mp 18 and mp 22 also contains Bomb—contaminated.shell material,
but the shell layers immediatelj below aremﬁery'old: One pos-
sible interpretation of these déta is'that the subsurface shell
layers are composed of older shells that have been exposed and
reworked by channel erosion and migfation. The coarse nature
of the surface sediment -indicates that the channel is presently
undergoing tidal scour, and the change in lithology below BOOA
cm in,coré.732—02 may.be a result of Qhénnelfmigration.' The
fact that the shells are genérally cqncehtrated‘into layers
| indicates.that some reworking_of_ﬁhe‘éedimént has taken place.
in addition, the older age of the Nulihia.layer a§'199 to 201°
cm relétive'fo theflayer at 266 -to 270 cm indicates that some

‘of the. llulinia layers are composed‘of.older'reworked.shells..
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Another possible reason for the'old age of the near surface
12
e/

shell layers 1s that prebomb C ratios in rivers may be

as much at 10-25% lower than‘atmospheric ratios due to the
introduction of 14C—freebicarbonate from the chemical weather-
ing of rocks (Broecker-andAWaiton, 1959), Cthequently,'car—v
bonate shells which formed in the estuary before the;pnset of
nuclear weapon testing may be depleted in 14C with‘respect'to~
the atmosphere and.thus be expected.to have an "inherited"
initial age. Simpsoh et al. (in preparation) have suggested
- that the initial age can be estimated on the basis of the 5+%¢
‘ of‘fhe carbonate sample} Withouf the 6130 information, cor—
rections on the order of 400x400 years should.be applied to
radiocarbon dates for carbonate materials in the Hudsen Estuary
(Simpson et al., in preparation).

A minimum limit of ~1 mm/yr on theinet rate of sedimenta-
tion can be obtained from the age of the oyster shell at 127f
- 130 cm. A net'sedimentetion rate also of ~1 mm/yr has been
obtained from one core_(P2l;7M) containing Mulinia layers for
which the 6150 corrected ages plot aiong a straight 1ine.with
depth in the sediment (Fig. 8). Although sedimentaﬁieh rates
based.on Mulinia layers are questionable due to their possibie
reworked nature, sueh a net sedimenﬁation rate is consistent
with the thickness of the orgenic silt‘layer relative to the
beginﬁing-of estuarine cehditions and also with net sedimenta-
tion rates observed in other estuarles (Rusnak 19675 Ov1att |

and leon, 1975, Olsen, in press)



- GAMMA-EMITTING RADIONUCLIDES-
The activity of 15708, 134Cs, 6060; and #0g has been deter-
mined in the suspended matter and.as a function of depth in
the sediment for almost all the cores 1ocated'in.Figure 1.

15703, 15405, 6000 are anthropogenic radionuclides with

and.
half-lives of approximatély 30, 2, and 5 years, respectiveiy.A
The ecological pathways of'radibcesium; cobalt-60 aﬁd other |
gamma-emitting nuclides in the Hudson Estuary have beeﬁ studied
by Lentsch et al. (1970), Hairr and ernn (1972), and Lentsch

(1974) . 13705 has been introduced into the Hudson Estuary via .
global fallout from nuclear weapons‘tests and through low level
releases from the nuclear power plant at Indian Pdint (mp 43). 

Reactor. releases are the only source for the observed 15405

and.6OCo activity in the Hudson sediments.

Figure 9 shows the annual fallout record for 13703 to the
New York City area during the past 21 yearst  The major influx
of fallout 12/Cs to the Hudson occurred in 1962-64. Figure 10
shows the annual release of gross beta and gamma activity in
the liquid effluent from the Indian Point nuclear power plant.

13705, 15403, and 6000 to

The major influx of reaétor produced
the Hudson occurred in 1971; These radionuclides are adsorbed
to the surface of the'suspended;matter and conséquently pfoVide
‘excellent tracers fof suspended—sédiﬁent transport and good
indicétdrs of sediment that has been repently dépoéited; In
areas of rapid deposition, the 1971 reactor peak and. 1962-64
fallout peék may be preserﬁed.in the Sédiment,.thué-providing'

definite time-stratigraphic units.



.The gamﬁa—spectrometric data for suspeﬁded matter and
sevefal cores iﬂ the inner harbor, river estuary, and.marginal
zones have been presentediin Table 3. The highest'anthropo—
genic radionuclide concentratioﬁs wefe observed in the.sus—
pended matter and in the liquefied olive-brown (oxidized) layer
at the sedimenf/water'interface} The suspendedAmattér was col-
lected by puﬁping watér into 200 galloh ténks at m§ 18 aﬁd
allowing the éuspended matter to settle out., The oxidizedilayer
was removed from grab samplés.at mp 18.6 (SLOSH II) and at mp
42,8 (SLOSH III), épproximately 100 meters south of the Indian
Point outflow system, , , |
. In the channel (18.6~3M, C44, 57,410 and along the subbidal
banks (18;6—5W, C43E,’56;4W) of the fiver estuary; the activity
of radiocesium and cobalt—60-decreaseétrapidly with depth in
_the sediment.. The activity was generally confined to the sur-
face turbate zone (subtidal bank) or surface coarse layer
(channel) and consequently was usually undetectable below 10 cm.
In broad shallow areas (25.3W) and in protected areas along the
sides of the estuary (53.8EC, 52;5EC), radiocesium was fre- |
quently detected.to depths on the order of 15-25 cm, indicating
that these areas are sites of more rapid deposition; These
. results are consistent with those presented.by>Hairf‘and Wrenn
(1972) for several cores taken in the Hudson around the indian‘
Point nuclear powér station (mp 43). |

In the ihner harbor, the ﬁertical distribufion of radio;l
‘césiumvand‘cobalt—60 in theAsediment is much-moré extensive

than in either the river estuéry or marginal zones. In the
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inner harbor, 7 CUs has been detected to depths greater than
60 cm.’AAlthough this sediment is éxténsively turbated,
mechanical mixing of the surface sediment cannot account
~ for the observed activity at lower depths because (1) the

6000, and T2%Cs are frequently just as

‘activities of 15705,
high, if not higher, at 40-50 cn as,in the near-surface sedi-
ment, and (2) relatiﬁely high concentrations of radiocesium
were occasionally observed in fhe fine—grained‘sediments
below distinct sand layers (Fig. 11).

4OK is a naturally occurring radionuclide with a half-life
of 1.27 x_lO9 years. Approximately 0.012% of the potassium in
beearing minerals such as muscovite, biotité, illite, and K-
feldspar is 40K. Consequently, the activity of 4OK in the'

sample reflects the sediment composition.

Interpretation

:Although the quartz-rich channel sands at the surface of

cores 18,6-3M, C44, and 57.5M have lower 4OK activities, the

40K abtivity of the suspendéd matter and fine-grained sedi-

~ments shows little variation, indidating no major changes in
the fine-—grained sediment compositidn,'in different areas of
the estuary or ﬁith depth in the sediment. Consequently, we

can assume that the peak concentration of 13703, 1340

60

S, anq

Co at 30-35 cm in core 0.1W (Fig. 12) and at 50-55 cm in
core —1.5E (Table 3) corresponds to the maximum reactor felease
in 1971 and not to a major chamge in sediment compoéitiou, and
. thereby obtain sedimentation rates on the order of‘5—20 cm/yr.

These rates are consistent with the amount of sediment that is
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annuaily dredged in this area of the'estuary toAmaintain~-
present chaﬁnel and harbor. depths (Army Corps of Engineers,
unpublished data) It thus appears that most of the sus—
pended matter and much of the material that is resuspended
'transported and. redep051ted by tidal and estuarineé processes
-1is presently accumulating in the inner harbor. |

Cores taken in recently dredged areas, such as core 8.7WM;
taken in the annually dredged Weehawken-Edgewater Channel
'(mp 5~ lO), contained relatlvely low concentrations of radlo—
cesium in the top 5 cm and undetectable levels in the sediments
below. Cores taken on}the banks of the dredged.channel,'such
as core 6.0W, contained radiocesium to depths >50 cm., It thus
appears that the distribution of radiocesium‘in the sediment
may be helpful in distinguishing areas that have recently been
dredged and thereby exposing older "unpolluted" sediment near
the surface, from areas undlsturbed by dredging operatlons
This distinction is of primary importance when studylng‘the
effects of pollution iﬂ urbah estuaries, In.addition, the

137Cs—, 15408 0

dredging of this . -, and °~~“Co-laden inner harbor

sediment and the consequent dumping of this dredged material
in the apex of the New York Bight may provide radioactive
tracers for sediment transport in the Bight and across the
sheif. A

Cores“taken'in both Foundry Cove (53 8EC) and-Indian~Brook

Cove (52 SEC) contained relatlvely hlgh concentratlons of 5703;

60

and. aebectable concentratlons of” 34Cs and Co (Table 3).

Both coves are located approximately 10 mlles,(16 km) upstreamn

~_ -
~

.\\\ AN

™.
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from the reactor at Indian Point (mp 4%), indicating a trans-
port of reactor—produced radionuclides-upstream, and accunula-
tion in protected areas. |

For several cores, the vertical distribution of radioce51um
was correlated with the observed sedimentary struct Tes (Figs.
11 and 12). In core -1.6E (Fig. 11), the layer of medium-
to fine-grained sand at 50-65 cm contained no radiocesium,
contrasting with the high concentrations of radiocesium observed
in the turbated, fine—grained sediment both above and below
this sandy layer. Although a reduction in the activity of
radiocesium is expected with 1ncrea81ng grain size, the fact
that the coarse channel sands at mp 18.6 contained detectable

134Cs indicates that the increase

concentrations of 13708 and
in grain size alone cannot account for the lack of radiocesiun
in this layer. DPiston cores 2 to 3 meters long taken'in the
same area also penetrate several similar medium-‘to fine-grained
sand layers. One possible interpretation of‘these'data is

that these sand layers consist of material transported up the
~estuary from marine sources or derived from construction sites
along the sides of the estuary: It is proposed that high energy
events, such as severe storms, are necessary to transport and.
deposit sand in an area where mud deposition is normally taking
place. The fact that the mud below 65 cm containsnradiocesium
~indicates that extensite erosion did not occur before the
deposition of the sand layer. '

There also appears to be a correlation between the observe:

lamination in the fine-grained sedimenis and the radiocesium
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activiﬁy,' Iﬁ cores Taken in the river estuary, anthropogenic
radionuclides wefe'generally confined to the surfaee turbate
zone and not observed in the lamlnateo sediments below in
llnner harbor core O, 1W, the 57Cs activity shaeply decreases -
from 685 pCi/kg in the turbated black sediment (45-5% cm) to

-backgreund'leﬁels in the laminated gray sediment below 5% cm
‘(Fig.‘lé). This sharp decrease in radiocesium activity may
represent a dredged.boﬁndary between the older, laminated
gray sediment, exposed by past dredging activities;'and the
recent, turbated black sedlment deposited after the dredging
episode. In addltlon, the radloce51um act1v1ty rapidly de-
creases below‘15 cm in core 1.9W where a zone of lamination
(15-40 cm) was observed. Below this zone of lamination (>40
cm) there was no detectable radiocesium activity,  although
anthropogenic detritus (furnace slag and coai) were observed
at 50 to 55 cm. \

TRACE METALS
Quantitative analysesAfor copper, lead and zinc heve been '
determined as a function'of depth in core V32-02 from the -

‘channel at mp 18.6; core 53%.8EC from Foundry Cove; cores 0.1W
and 1.9W, taken in the inner harbor; and a surface grab sample
(618.6-5), taken on the subtidal bank adjacent to core V32-02.
The metal coneentrations areblisted in Table 4, Because
organic-rich, fineegrained sediments have a greater affinity

_for trace metals, as well aelfer radionuclides, vafiations.in
sediﬁent composition should'be considered when examining the_

- vertical distribution of trace metals or radionuclides in
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sediments. herefore, the percent'orgahic m&tter,{as deterev
- mined by loss-on—-ignition, the tetal.petessium'concentration,
as determined from the.4OK aotivity, andlthe weight percent
Quartz as determined by monitoring the a—B transition in aA
'lelerentlal Scannlng Calorlmeter at 1 atm pressure and 575°C
are also presented in Table 4. The trace metal analyses were
conducted on cores for which the radiocesium and cdbalt—6O

- activities have also been determinedA(Table-B).

Interpretation

Metal concentrations for core V32-02 show very little varia-
tion below 25 cm. Owens et al. (1974)_haVe reported similar
Zn concentratiens in the organic silt between 20-50 meters in
a drill core taken near the Newburgh Bridge (mp 61). "It thus
appears'that the metals in the4laminated.fine—grained sedi-
ments below 25 cm in core V32-02 are at pre—indﬁstrial levels
(Williams et al., in prepafation). This conclusion is con-
sistent with the lack of 157Cs below 25 cm, and with the old
radiocarbon ages determined for the sutsurface‘sheli layefs;

The coarse nature of the surface: sample in core V32- 02 as
illustrated by its low organic and pota851um values and its
high quartz content, made it difficult to compare its metal
concentratiohs with those»obtained for the fine;grained sedli-
ments belowp Consequehtly,'surface.ofganic silts from the
adjacent subtidal bank were analyzed for the same metals. The
13’Cs and K data lndlcate that these orgaplc silts have been
' recently dep051ted and are s1m11ar in K-mineral. comp031t10n

%o the organic silts of V32-02. The hlgher metal concentratloﬁs
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in G18.6-5 relative to those below 25 cm in V32-02 may be

v indicative of recent pollution.

The hlgher concentratlons of Cu, Zn, and Pb in the surface
sediments of Foundry Cove (55.8EC) relative to the sediments
.at 50 cm may also reflect the recent increase in human and
industrial pollution ln this area. The metal levels observed
at 50 cm in cere 53.8EC are similar to those below 25 cm in
core V32-02. | | |

In the inner harbor sediments, high metal concentrations

_ were observed to extended depths. This finding is consistent-
with the vertical distribution of radloces1um and indicates
that much of the recent metal—polluted sedlment is rapidly
accumulating in the inner harbor._ Metal levels and precent
organic matter in core 0.1W and core 1,9W have also been |
correlated with the sedimentary structures. As with radio-

~cesium, the metal concentrations and percent organic matter
~appear to be lower in the laminated zones relative to the _
turbate zones. The sharp increase in the concentratlons of
Zn, Cu, and Pb above 5% cm in core 0.,1W prov1des a good
documentation of the increase in trace metal levels associated

with urban pollution.

DISCUSSION
The sedimentaryematerial deposited in the Hudson Estuary'
may be derlved from several dlfferent sources. Waste dis-
charge into the estuary from sewers, sewage treatment plants.'
and industries may amount to nearly 0.% million tons per year

(Gross, 1974) and may account for approximately 10% of the
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shoaling material in the Lower Estuary (Panuzio, 1965). Long-
snore drift of sand along the Long Island.and‘New Jersey beaches
funnel sediments into the estuary mouth south of the Narrows,
and the extent to whibh’this sandy sediment is transported up
the estuary is still uncertain; Perhaps the sand layer at
50—654cm in cdre —1.6E has such'an origin., Sand, silt, and
clay may also be derived.from marginal sources such as Pleis-
tocene till, landfill, and construction sites, -Roberts and
Pierce (1974) have shown that the unconsolidated, unvegetated
and highiy erodible soils of construction sites may provide
1arge quantities-of sediment to urban estuariés;

Till, construction sites, and agricultural areas in the
drainage basinlof the Hudson River also provide riverborne
sediment to the estuary{ The suspendedrsediment load of the
Hudson River has been estimated at 0.83 million tons per year
(Panuzio, 1965). Concentrations of suépended sediment exhibit
both diurnal and seasonal variations but typically increase
with depth and decrease in a seaward direction, Some of this
. suspended material is deposited in wide shallow areas and in
.~ protected areas along the sides of the estuary, but a_large
quantity is_transported.to'the inner harbor where it 1is .

- deposited in submerged shoaling areas, principally along the
west subtidal bank between mp O and mp 11 (Panuzio, 1965).'
RapidAshoaling in this area has been attributed to the narrow-
ing of the estuarj near the George Washington_Bridge (mp 11),
and the resultant constriotion of the upstneam flqw'(Panuzio;

1965; Gross;'l974). The increase in cross sectional area
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below mp O, flocculation during conditions of high river flow
(when the Hudson transports most of its suspended. 1oad), and.
the additional sediment influx from waste discharge, possible
marinehsources and from the East, Passaic,'and Hackensack
rivers may also be responsible forAthe rapid.shoaling in the.
inner harbor. |

AlternatingvcoarSer and finer-grained 1ayers,,on<the_order
- of a mm to cm thick, are characteristic of the fine-grained
sediment in the Hudson Estuary and have also. been reported in
-other subtidal and 1ntert1da1 env1ronments (Van Straaten 1954,
1959; Moore and Scruton, 1957; McKee, 1957 Coleman, 1964
Relneck 1967, Relneck and Singh, 1975 Oertel 1973) The
genesis of this lamination is not Yet clearly understood but
may be a result of tidal, wave, seasonal or storm processes,
The relative importance of each of these processes will vary
in different depositional env1ronments, depending upon the
water depth supply, and type of sediments, and the climatic
and.hydrologic~conditions. In addition, the extent to which
the lamination is preserved in the sedlmentary record will
depend.on the amount of .bio- and gasturbation, and on the rate
of sedimentation. 4

Net sedimentation rates based:on the thickness of the
organic silt layer relative to the beginning of estuarine
conditions'and from radiocarbonlages, indicate that there
may be a correlatlon between annual dep051tlon (2%1 mm/yr)
and . the observed lamination in the river estuarine env1ronment

In such a dynamlc environment, however,'where there is con-
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.siderable‘tidal stirring and bioturbatlon of the surface |
sediment, lamination resulting from slow accumulation and
seasonal variations would probably not.be preserved.

Another mechanism which may produce thé observed lamination
is fhe deposition of fine sands and sandy silts during periods
of current or wave activity and of clay-rich silts (mud) auring
periods of‘élack water (Johnson, 1922; Van Straatén, 1954, 1959;
Reineck and Wunderlich, 1969; Reineck aﬁd_Singh; 1973). Varia- |
tions in the suspendéd.sediment concentration during tidal
cycles indicétes that some deposition occurs during slack water
(Panuzio, 1965; Meade, 1969); however, there is some question
. whether enéugh mud can be deposited dﬁfing the short time period
of slack water to form the observed mud laminae (McCave, 1970).
The formétion of mud éggregates and fecal peliets (Klein, 1971;
Haven and Morales-Alams, 1968) may increase the rate at which
the mud settles from suspension, and the bedload deposition of
mud aggregates (Oertel, 1973) may aiso be important in the
formation of mud layers. In any case, unless there is an
adequate sediment supply'this_tidal‘1amination will probablﬁ
be deétroyed.by bioturbation or reworked.during later tidal
cycles; |

When there is sufficient concentratibn of suspended matter,v-
however, perhaps due to severe storms, deposition of fine- |
: grained sédimenf will be relatively continuous (Mécave, 1970,
1971 Oertel, 1975).v Sorting during the depbsitibn of sus-
pension clouds (Reinegk and Singh, 1973>‘and/or during the

deposition of the bedload (Kuenen, 1966), perhaps in response .
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to tidal-cycles or other variations in current or wave’ |
activity, may give rise to the pbserved.iamination during
peridds’when'the HudsonAtransports‘large quantities of.
sediment, such as dﬁring severe storms. |

The:rapid depositionAof the léminated.unit dﬁring sevefe
storms? followedAby periods éf slowef deposition, non¥sedi—
mentation or even erosion, is consistent with the observed
laminated zonés alternating with turbate zones’(inner‘harbor,

“subtidal bank) and sand-shell layers (channel, inner harbor).
The turbate zones may represent periods'of slower deposition
undér normal flow conditions, and the sandrshellAlayers,-

. periods of-fidal scour or increased sand trans?brt during
high-energy conditions} In areas where deposition is rela-
tively slow under normal flow conditions, such as athg the
subtidal bank of the river estuary, the turbate zones may
represent periods when burrowing organisms obliterate the
lamination to varying degrees} In the inner harbor, the
turbate zones may repfesent periods when waste discharge
forms a relatively greéter proportion of the material depo-
sited and the turbation is primarily a result of bidchemically
formed gases. Such an interpretation is consiéﬁent with the
highervconcentrations of trace metals; radionuclides, and
organic matter Qbser&ed.in the tﬁrbate zones relative to the
laminated zones. In édditioﬁ, the lower values in the lami-.
nated zones would be expecﬁed if the laminated unif were
composed predomihantly of material eroded,frbm the draihége.

basin or sediments reworked from'upstream areas during severe
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storms,

It is well documented that hlgh energy events,'such as
severe storms, can rework, erode, transport, and deposit
enormous quantities of sediment and may thus have profound
(and preferentially preserved) effects on the sedimentary
record.(Kelliné and Mullin, 1975). Schubel (1974a) found
that during Hurricane Agnes, 22-28 June 1972, the Susquehanﬁa
River dlscharged more sediment than it had prev1ously dis-
charged during the past 10 years. The effects of Agnes on
the ‘sedimentary record of Chesapeake Bay were depositional
rather than eros1onal resulting in 4 to 20 cm of laminated
silts and clays (Schubel and Zabawa, 1974) This laminated
unlt was separated from older bioturbated sediments by a
sharp boﬁndary (Schubel and Zabawa, 1974).

Kumar and Sanders (in press) have found that storm deposits
may characterize the nearshore sediments off Long Island and
jdentified the storm sequence as consisting of (1) a basal lag
" of coarse material and shell debris, (2) laminated sand and,
(3) a burrow-mottled, fair-weather cap. Although the sedi-
ments in the river estuary are much finer in texture,'these

same sedimentary structures exist.

CONCLUSIONS
Geochemical and sedimentological evidence indicates thet
much of the suspended matter and sedimentary material that is
depOsited, fesuspended,4transported, and.redebosited.by tidal
and estuarine processes is presently accumuWatlnCr in the inner

harbor and in prOUected areas along the sides of the estuary.
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"The vertical distribution of bomb- and reactbr—produced radio-
nuclides indicates sediméntatidn rates on the order of 5-20C
cm/yr in some areas of the inner_hérbor and may be heipful in
‘distihguishing areas that have been dredged from areas un-—

disturbed by dredging operations. The dredging of this_1?7Cs—,.'

134Cs—,and.6OCo—lad.en inhér harbor sediment and the'consequent
dumping of this dredged material in the New York Bight Apex.
may provide radioactive tracers.for sediment transport in the
Bight and across the shélf.‘ The inner harbor sediments also
contain relativeiy high coﬁbentraﬁiohs'éf trace metals and
organic matter reflecting the recent increase in human and
industrial pollution. |

. In the natural channel and subtidal bank environments of
the river estuary, upstream from the inner harbor, Bomb—'and
reactof—produced radionuclides, anthropogenic detritus, aﬁd
high trace-metal levels appear to .be confined to_the surface .
turbate zone (subtidal bank) or the coarsé'surface'channel
lag. Radiocarbon dating‘Of subsurface shells and.shell'layérs'
indicates a minimum net sedimenfation rate of 1-3 mm/yr in
the natufal channel between mp 18 and mp 24; In contrast to
the inner harbor,'radiocarbdn dating of the organic matter in
the surface sediment along the subtidal bank of the river
estuary indicates fhat the carbon is ol4d, reqyéled.carbon,
bperhaps eroded from the drainégg basin or reworked.ffom sedi-
vments in upstream aréas of the Hudson River.
One possible.intefprétation of the geochemibal and sedi-

mentological data is that (1) the laminated fine-grained
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sediments are deposited when the Hudson transports relatively
high concentrations of.sedimént,»such as during storms; (é)
the coarse sand and shell layers result froﬁ increased -sand
transport during high-energy (storm) conditions or from tidal
scour in the natural channel under normal flow cbnditions;
~and (3) the turbate zones may represent periods of slower or
no. deposition during normal flow conditions. Consequently, -
it appears that everyday tidal and estuariﬁe processes,afé
causing the rapid accumulation of "polluted" sediment in
specific areas (e.g., inner harbor and marginal zones) but
that storm deposits characterizé the sedimentary record in

subtidal bank and channel environments of the river estuary.
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Table 1. - Mineral composition of sediment at mp 18.6

in the Hudson Estuary

SAND - SILT + CLAY
(0.65 mm diameter) (<0.063 mm )

‘ Quartz ' | 67% o C47%

| | ' Plagioclase s | - 10% o '4 15%l
| K-feldspar l‘l2% ‘ o 16%.
Muscovite | 2% - . 3%

Other K—Al—silicatésél) - - 8%

Biotite 1% | 2%

Heavy minerals(2> 7% . | %

Others<3) <1% f 1%

(1) " Probably illite clay aggregates or extensively weathered
K-feldspar. S

(2) See text.

(3) Chlorite, apatite, clay aggregates..



Table 2. = Radiocarbon ages in the Hudson Estuary

Sample Depth  Material Age

Core 18.6-1  0-5 Crassostrea, Mya, -400
(Fig. 3) : ~ and Macoma ‘
: 21-23 - Mulinia o 1240+50
27-%1 Mulinia 1260+60 .
48-50 Myliniag - 1320260 |
Core V32-02 - 0-10 Crassostrea, Mya, -350
(Fig. 4) .+ and Macoma A ‘
‘ ©109-111 Mulinisa A ~1120%300
127-130 Crassostrea - 1500£130 -
1199-201  Mulinia - 2213%370
266-270 . Mulinia =~ . - 2080%270
Core P21.7M - 35-40  Mulinia - 216070
130-140  Mylinis ‘ 2710+80
200-210 Mulinia , 3180190
GRAB G18.% . 0-5 Mya and Macoma -350
Humic A
fraction - 1990%+230
Residual -
organics 43770430
GRAB G42.5  0-5 - Humic |
: ' fraction 1470+170
Residual : .
organics 4140190
GRAB GO.,1W - 0-5 Residual

organics = -2600%+270




. - Table 3. - Gamma-emitting radionuclides in Hudson Estuary sediments

47+16

ACTIVTTIES(a)
Deposifional- - Depth (pCi/kg) -
Environment " Core -(em) - »05137 cst 3 co® ¥+
INNER HARBOR . ' (b) | ' o o
_ -1.6E .- 0-5 450+26 12+11 5123  15,700%690
5-12 62026 " 56%13 5018 . 16,600+630 .
12-20 121042  115#19 110£23  16,600%690 .
'20-25 470+25 3712 4%+19  16,600+650
25-30 540%24  32%11 ~-1315* - 15,700£590
30-35 20018 208 44 $15 15,800%590
35-4.0 61536 38116 69123  '18,000800
4O-45  535%95 . - 2%15* S54%35 . 17,900910
45-50 610+31 3412 47+21 17,400£720
50-55 29411 © - 8£7* - 2%13%*  15,500%550
55-60 - 19%9* - 9x7* 11214 14, 600£500
- 60-65 27+14 - 6x15% 1020~ 11,500%380
- 65-7% 455424 . 11%10. 2u4+18 16,2oo¢6zo-
-1.5E 0-5 110221 32410 30+16  15,600%610
: | 5-12 43026~ 18%12 3022  15,100%680 -
12-20 620%26  19%11 68t17  17,500%650
20-25 440123 13+10 56215 15,700:610
25-30 30028  175%26 28425 = 18,400%8%0
30-35 57024 27411 31414 17,900£650.
35-40" 60524 43+11 37417 15,700+620
40-45 685128 . 52%12

16,000£620



Table 3 (cont'd.)

0.1W

1.9W -

45-50
50-55
55~-60

0-5

5-10
10-18
18-25
25-30

30-35

35~L40
BO-45
45-53

53-60
" 60-65

65-70

0-5

5-10
10-15
15-20
20-25
25-30

~ 50-55

63530

114050

- 865133

45136
890+28
104050
1480240

126040
. 2310%70

1210+60
1140150
685x27
10514
3:11
2*12.

118035

 375%19

550424

57+13%
o16%12 -
1613

- 1#11%

ses13

135%25

110%19 .

4124
63+12
8722
12518

- 130%19
- 300+3%8
13025

11021

27410
7+8
1318
618

100%16
1249
149 -

-1%x9*
48
0£9
629

43%19

105425 -

73118
40%29

60%16

110£33
17021
175422
205%32
90+31
84126
7118
58+15
12+13%
15+14

105i23,

64£19
2017
815

- - btfle*
1418

8%15

16,000£680
16,900£810

15,700%630

17,600%850
19,700%660
18,700%500
19,400%700
17,100+630
18,400+800
19,000%920
17,800+780

16,600£610

17,700£620
17, 300%600
18,400£630

17,900£7C0
15,200£600
© 15,700£590
17,500£630
17,600%630
16,500£590 . -
16,500£590-




Table 2 (cont'd.)

RIVER ESTUARY
Channel

Subtidal bank

MARGINAT, ZONES
Wide, shallow

Cove

18,6-3M

Ca

57.5M
18.6~5W

C43E -

- 56.4W

25.3W

52.5EC

0-5

5-10

10-15
- 0=7

7-14
0-5

5-10

10-15
0-5

0-5
5-10

0-6
6-12
12-16
16-21
0-5
5-10
10-15

15-20

20-25

5-10

150+1%
12021
8x20

61021

- 111*

07
140%20

2413 -
- 27+20*

285+19
30121

920+36 .

1515

1170+3%6
780+34
265117
48+18

. 2700£60

205050
735%30
17412
14211

10+17
13+14
14423

1x22°
~13+]1 3%

10%22
1018

2+10
- 8#]15%

12048 *

3+]11.

37545
4422
9+26

32418
16£16

12021

~14415%

8%11

45+31 -

35+25
-41151*

87+17
- 6126

158420

1621

- 100£20

-11+22*
- 3+15%
3+2] -
235122
17525
BUE26
-19+26*
21+21

11,900£490
16,700£800
16,000£830

©16,100%530
17,400%590

12,900+450
20,500+830

19,400%750

20,100£970.

- 21,900£750
. 24,100%940

18,500£720 -
20, 300£720

18,600£670
18,900+730 .
17,000£600

18,400£730°

18,400%650 .

18,8004650

19,800+750
19,100630

17,200%570




Table 4., - Trace metals in the Hudson Estuary sediments

(per gram dry weight)

Depth Zn Cu  Pb K Quartz LIG(®) Ragio-(P) .
Sample (cm) Mg - ug Ve ng ng mg cesium Sediment(c)
0.1W 0-5 258 179 140 21 v.p,(d) 85  yes Gas-turbated
18~25 215 198 197 22 N.D. 98  yes  Gas-turbated
45-53 224 285 ‘177 20 N.D. .88 yes Gas-turbated . -
60-65 5 12 <28 20 N.D. 49  no Laminated =
1.9 05 343 227 828 21 N.D. 92 yes  Gas-turbated
- 20-25 237 144 l1ée4 21 N.D. 65 ? Laminated
50-55 247 178 245 19 N.D; 79  no Gas-turbated
'~ y30-02(€) 0-10 48 35 55 17 565 26 yes Sandy.channel lag
‘ 22-29 8l 16 39 24 258 71  no Laminated -
83-85 83 20 24 20 240 66  no Laminated
150-153 82 20 28 24 267 60 no ~ Laminated
240-241 68 14 28 22 348 47 no Laminated
325-328 77 20 24 24 272 47  no Laminated
430-4%8 - 97 21 - 27 23 - 291 49  no  Leminated
‘545-548 - 81 15 21 22 370 46  no Laminated
cig.6-5(®) o5 157 72 100 21 294 60  yes  Turbated



Table 3'(cont'd.)

2475463

0-5 . 98126 69+27  19,000%770 -
5-10 182568  17%32 19£29  21,500%960
- 10-15 21017 - 8*10* 15+17 20,000£700
15-20 26t17  ~15%11*% 30£25 18,800%780
20-25 35%2% o*12* 7127 20,700%870
' 50-55 Q14 7%9 13+20  18,500%670
SUSPENDED MATTER. ,
HE No. 4 (mp 18) 126035  210%25 145+18 17 700+630
 SLOSH ,
' SLOSH IT (mp 18. 6) oxidized ' 665123 6512 ‘95113 17,400i6OO
: layer ' : o :
' SLOSH IIT (mp 42,8) oxidlzed 27F06L  420%46 - 32525  18,100%670
: ayer - ‘ 4

(a) Sample specific activities are expressed in terms of dry weight and have been
corrected for decay between time of coring and time of assay. Samples marked by *
were uncorrected ’ ' '
(b) Specific activities >10 OOO were rounded to the nearesb 100 pCi. Specific
activities <10.000 but >1000 were rounded to the nearest 10 pCi.

<1000 but >100 were rounded to the nearest 5 pCi and specific activities <100 were

Specific activities

rounded to the nearest pCi. Statistical errors are reported at 1 sigma. Errors for

'specific activities >10,000 were rounded to the nearest 10 pCi, Errors for specific
' cthLtles <10,000 but >1000 were rounded to the nearest 5 pCi and errors for specific

activities <1000 were rounded to the nearest pCl.

- (e) N.D. = not determined.



Table 4 (cont'd.)

53.880(8)  0-5 333 91 158 22 154 96  yes

50-55 84 18 . 26 2% 20% 75 no

" (a) Organic matter as determined by loss-on-ignition at 550°C, See text for

(&)

interpretation.
~ (b) See Table 3. |
.(c)\ Fine-grained estuarine silts, unless otherwise noted.
(d) TN.D. = not determined. , : '
Modified from Williams and others, in preparation.

Turbated.




Figure Captions

 Fig. l.- A location map of the cores. and surface grab’

samples collected in the Hudson'Estuary. The sample(locations
are speclfied.by.the number of statute miles along the channel
upstream from the southern tip of Manhattan (np 0) and by a
letter indicating the depositional environment; M =.chanhel;

W = west subtidal bank, E = east subtidal bank, and C = cove,
Grao samples have the letter G preceeding the mile number; |
SLOSH (Standard Lamont Observatory Sediment from the Hudson)
is a composite of several surface Grab samples taken in the

Same anchored locatlon.

Fig, 2.- A bottom profile across the Hudson at mp 18;6,
~illustrating the channel and subtidal bank environments. The
locations of gravity cores, 18.6-1M, 18.6-2M, 18.6-3M, 18.6-41,
18.6~5W, and 18.6-6W; piston cores, P18.6-1 and P18,6-5; the
6 meter Vema core, V32— O2 and surface Grab samples, G18. 6—5
.and SLOSH IT are also located with respect to the bottom pro-
file. Cores 18.6-1MM, 18.6-3M, and 18,6-5W are presented in
Figure 3 and core V32-02-is presented in Figure 4, Vertical
exag. = 31, | | |

Fig. 3.- Gravity cores 18.6-1M, 18.6-3M, and 18.6-54
B Taken at mp 18 6 and located in Figure 2. The pﬁotos were
taken’ ~7 days after the cores were extruded and split, 1n’
,order for the lamlnatlon to become visible. The partlng, due 1-'
to shrlnkage upon drylng; generally occurs along fine sand |

layers.» Core l8 6-1M contains shell- layers that have been
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C dated;(Table 2). TNote the diagonsl animal escape trace
through fhe'lamipated fihe—grained Sedimenfs at 45-50 cm.
Co“~vl8 6-3M clearly 1lluvtrat°s the coarse channel lag g
observed in this area of the Hudson COLe 18, 6—5W aken'

on the subtldal bank, lacks the coarse sand- oh@ll layers
observed in the channel cores.' Note the. formatlon of methane.

(CH, ) gas fissures below 45 cm.
it

Fig. 4. - Core V32-02 is a 6 m core taken at mp 18.6.
Several of the shell léyers have been‘l4C dated (Table 2)
and quantltatlve analyses for Zn, Cu, and Pb have been

determined as a functlon of depth (Table 4).

Fig. 5. — (A) An enlarged.photo'taken between 530 and 540‘
cm in Qore'V52—O2 illﬁstrating the mm'to-cm scale iamination
(scale in cm). .

(B) An enlargedAphoté taken between 50 and 60 cm
in core Pl8.6fl, illustrafing the graded character. of some of

the sand and shell layersA(scalévin cm).

Fig, 6. - An enlarged phdto‘taken.af,45—65 cm in core
P18.6-5 illustrating a turbate zone (54 to 61 cm) between
two laminated zones. The photo was taken ~7 days after the
coréAwas extruded in order for the iaminatibn to become |

visible. The parting generally occurs along fine sand

layers.



Fig. 7. - (A) Methane (CH4) gas bubbles forming on the out-
side of core P18.6-5 immediately after extrusion (scale in cm).
(B) Gas fissures observed when the core P18. 6—5

was split. Note also the 11ght color band at 7 9 cm.

Fig. 8. - A plot of age versus depth for‘severai of the

shell layers in core P21.7M, indicating a net sedimentation

rate of 1 to 2 mm/yr.' The radiocarbon ages have been 6150

et al., in preparation)l

corrected (Simpson

Fig. 9.'? Annual deposition of 15708 from fallout at New

- York City. The 15708 data has been determined from 9OSr

precipitation data collected in lower'Manhatﬁan.by the Health-
and Safety Laboratory of the Energy Research and Development

Administration. The 15708/908r ratio is assumed to be 1.5.

Fig. 10. - Annual gross beta-gamma releases from the nuclear

power plant at Indian Point (Booth, 1975). Note the peak in

1971,

Fig. 11. - Schematic drawing illustrating the vertical

distribution of 12/Cs in core ‘_—1'.6E'. Note that the medium-

to fine—greined sand. lajer at 50—65.cm contains undetectable

1evels of 15708, whereas the turbated sedlment both above

and below this sandy layer has relatlvely hlgh 5703 concen— _

_tratlons.



Fig; 12,— Schematic drawing‘illusfrating the vertical'
distribution of 15705 in boré 0.1W. Note thé maximum at
. 30-35 cm and the sharp drop from 685 pCi/kg_to background.
levels at the boundary between the laminated and turbated
sediment. The maximum ¢oncentration of 15705'as well as other -
reactbr~produced radidnuclides (see Table»5> at 30-35 cm 1s
'corfeiated,to-the 1971 maximum reactor release (see Fig. 10).
The.shafp drop in 15705 activity below 5% cm may reflect a

dredged boundary.
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137Cs _Fallout at New York, N.Y.
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