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Summary
" The ecologlcal survey of the Hudson River was expanded durlng'

the summer of 1965, and. reached from Dobbs Ferry to Catsk;ll

7?Port10ns of the ne1ghbor1ng watershed have also been 1ncluded

Eighteen spec1es of flSh are found to predomlnate in the

. 'Hudson River. The spotta11 shlner 1s the most abundant spec1es

‘-followed closely by the freshwater k1111f1sh Four spec1es 1n

e

'Vclose competltlon as the next most abundant are ‘the wh1te perch

'saltwater kllllflsh common 511ver51des and Johnny darter iFor'

/.

each of the elghteen spec1es Wthh predomlnate data is presented

in terms of catch per 100 000 square feet for quantltatlve f?'

'comparlson - In. addltlon, the catch of most spe01es has been

L~

',further d1v1ded into a 0 + (young—of—the—year) group and a 1-+7

_(one year and older) group ThlS cateoorlzatlon is based on

|

'length frequenc:es and 1nformat10n prev1ously gathered on length—f"

age d1str1but10ns. ' - '7.ngdf;—w“3‘;:* K t;' : ~;
It has been found that flSh above Pouahkeep51e were larger‘vl

than those 1n the . south in June and July but not in August

. Whether thls dljference was due to earller spawnlng or more ;

favorable env1ronmenta1 condltlons 1n the freshwater reaches is

" not yet known.

The hydrogxaphy and sedlments of the rlver have been studled_;fw
dur:.ncr July and August 1n a 30—m11e sectlon between Poughkeeps e

and'$tony,P01ntw -Vertlcal temperature.proflles showwtemperature‘t



‘ d1fferences in the order of only 1 C between top ‘and bottom waters

The pH of river water at 31 statlons was found to average 6. 7

-t with.a range of 5.4 to 8.1, Data on conduct1v1ty and. comp051t10n o

of water samples from 14 statlons 1s also presented
.h Channel muds were found to be mostly clayey s11ts contaanlng'
"5 to 6 % organlc matter Chlorlte and 1111te are the domlnant
f:{clay minerals w1th quartz and otheroflnely fragmented‘mrnerals ‘
gl;also»belng Present :" ‘i | | ; R | '.:d '. | d o
‘) o In contrast w1th ordlnary 5011s; vsubstantlal amounts of
e '.,Ca++, Mg++_ Na+ and K+ ‘in the muds are organlc bound The muds,'
f'howeVer, contaln 1nsuff1c1ent amounts of these (and other m1nor
_1ons) to drive out H+ wh1ch occuples more than 2/3 of catlon f
- exchange 51tes,. The ea511y—ox1dlzab1e organlc fractlon of the\-
‘ o muds was found- to account for tabout_. _3/‘4 ofm the. to_tal catron '
exchangehcapaCity.j' | | o : | o
: _ ihe exchangeable manganese 1eve1s 1n the muds were found to )
‘} be substantlally higher’ than 1n ordlnary subaer1a1 5011s. Desp11e
*.the large amounts of sod1um supplled datly by t1da1 1nflow, more
’ manganese than sodlum was present 1n the muds _ In 11ght of the_"u
constant supply of sod1um to the waters south of Newburgh the_.gﬁ';
def1c1ency of sod1um in the muds 1s part1cu1ar1y strlklng N
N In general the rlver bottom muds appear to be capable of

absorblng tremendous quantltles of chem1ca1 pollutants _ More T

'»research is needed -to- determlne the 1on1c concentratlons in r1ve1 S

-di-



water and other geologlc mechanlsms requlred to effect flxatlon of )
pollutant ions in the muds.
The quant1tles of radloactlve substances dlscharged 1nto

the r1ver by 1ndustr1al plants are small compared to fallout

- from past nuclear weapons tests Radloactlve pollutlon from:

‘all sources 1nclud1ng fallout 1s m1n1ma1 and naturally occurrlng

K-40 has been found to constltute the pr1nc1ple act1v1ty 1n

>

' Hudson Rlver water sedlments, flsh and vegetatlon Levels of

'Mn-54 act1v1ty appeared to be almost as hlgh as K;4O act1v1ty

in vegetatlon.; For 75 samples of vegetatlon the mean K—40

concentrat1on was 3 2 pCl/gm of wet welght and that of Mn—54 was

- 1.2 pCl/gm of wet welght Analys1s of the data shows, however,
: that 63% of the total Mn—54 act1v1ty occurred 1n only 7 samples;f
»These samples are. representatlve of only two spec1es of aquatlc_

vegetatlon, 1-e , Chara sp an aquat1c algae found to a 11m1ted

'extent in -the river and Potomogeton crlspus a hlgher aquatlc lﬁ:=

found at two srtes on the r1ver (II—W;l and II—W;Z) ‘ Inves—v”*%

i tlgation of these spec1es has shown them to be manganese con—; R

?centrators Wthh contaln approx1mate1y 10% stable manganese 1n'

: -thelr ash The thher spec1f1c act1v1ty of Mn—54 1n these 2

- spec1es (approx1mately 3 to 4 tlmes that of other vegetatlon)

: can thereby be explalned by the1r h1gher ut1112at1on of nanganese'

' Stat1st1ca1 comparlsons of radlonucllde concentratlons 1n-5 .

”;1964 and 1965 have shown: the . data to be reproduclble Potass1um

L ermg—
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’-appears as the bes+ estlmator of reproduclblllty 1n sampllng

W

- the levels that would be revarded as hav1ng publlc health

' S1gn1f1cance.‘ ‘,~j~:u“

techniques. The m@an concentratlons of K-40 in varlous

,categorles of samples were 1dentlca1 for both years at the

a = 0 05 level of signlflcance Most other nuclldes are present

”:1n insufflcient amounts for the sample 51zes utllized to facxlitate
‘ valld statistlcal vomparlsons. The data can be used, however,!
- to indicate 1ncrea51ng or decrea51ng trends in the envxronmental'“

fburden‘w S -f,i}_ﬁf;fff;/ o 1‘fi;, i =‘,”, E

In conc1u51on the most important fact that can ‘be. noted
from the tabulated radlologlcal data 1s that the concentratlonsf’

of the manumade radionuclldes are many orders of magnltude below” 
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" INTRODUGTION

Investigation of the ecology of the Hudson RlVer‘was
;:;’ Tj"" init1ated in the Summer of 1964 by the Instltute of Env1ron—i"’
. mental Medlclne in collaboratlon w1th the Departments of _;.
Blology and Geology of the Graduate School of Arts and |
_ Sciences F1nanc1a1 support was prov1ded by a grant from
,r_'; the D1v1s1on of Rad1010g1cal Health of the Unlted States
ygi A ;Publlc_Health Serv1ce : The results of the study through
"{:}:._' -January 31, 1965 have been prev1ous1y reported in Progress
| o ﬁeport‘No l (1), and contlnued support ‘has made pos51b1e -
addltlonal surveys in the Summers of 1965 and 1966 ” Th1s
report dlSCUS‘eS the progress made throuch the Summer of
' ._ 1965 during which perlod support W¢LS agaln recelved from
the D1v1s1on of Radlologlcal Health ' The 1966 survey was
also supported by the Instltutes Co*e Grant from the Bureau ‘42
of States Serv1ce and the Natlonal ﬂancer Instltute ‘
. ‘3 | . The or1gmal obJectlve of thes=-stud1es was to obtalln‘

- quantltatlve 1nformatlon concernlng the manner 1n whlch

radlonuclldes 1ntroduced 1nto the r1ver f1nd the1r way to

-

M_'”_f_‘ ..man, Fundamental to such an 1nqu1ry 1s the documentatlon d

of the rad1atJon background so that the magnltude of chanaes_';}“

in the river may ‘be gauged The studles to be descrlbed weresii' m

ﬁ‘_ x ‘ des1gned to pxov1de bas1c 1nformat10n about the behav1or of *

iff_‘_.; - radloactlve materlals 1ntroduced 1nto the r1ver The f1nd1ng

e .
..

are also prov:ng appllcable to the behav1or of other pollutants



: _substances 1nto the Hudson Rlver, and though the1r present

as wellf Indeed the study has been expanded durlng 1966

with. support from New York State, to the behav10r of non-

‘Aradloactlvevpollutants._ However;.the+1965 survey,'wh1ch”was~

'pthe subJect of this report was 11m1ted to radloactlve pollutlon

The "Hudson River was hlstorlcally one of the pr1nc1p1e

causes for the commerc1a1 development of New York C1ty It |

'has today an 1ncrea51ng1y 1mportant role in . sustalnlng the

economy wh1ch it was respons1ble for developlng The rlver ”fff"

"-and its trlbutarles support a w1de varlety of 1ndustr1al
',plants, among . whlch are the General Electrlc Company ] Atomlc :

erower Laboratory and the - Consolldated Edlson Nuclear Power:

Plant. These plants dlscharge m1nor quant1t1es of radloactlve ;

~

~ T

amounts are small in compar1son to fallout from weapons tests,"”
'studles of. the behavior of effluents from these plants can ‘

'4"serve to forecast the results of future developments 1n the'n--flw

area (see Table 1). Among other poss1b1e sources that

contrlbute radloactlve effluents to the r1ver are hospltals

"t and research laboratorles

An increa51ng demand for water comblned w1th 1nsuff1c1ent

'raln—fall in the past f1ve years have made lt necessary to

_ consider ‘the r1ver as a potentlal source of water for domest1c

,as well as 1ndustr1a1 uses, thus addlng add1t10na1 1mportance
to. knowledge of the ecology of the Hudson Rlver and 1ts ”

'watershed ' Th1s knowledge must be accumulated so that t canyf{

be used to the best advantave of the populatlon and the

'_industrles that use the rlver.! It would be unforg1vable



B o Table 1 4
SOURCES OF MAN—MADE RADIOACTIVITY IN THE HUDSON* RIVER
*-,C“rles (1)

. Fallout From e e
- Nuclear Ygaponsk~' K.A.P,L. - Con. Ed.

' Nuclide _ 1 Tests

% 8r-90

U |
@
' gre-ssr
Co-60

o esa137 .f‘a21»*_*,rﬂlf‘;','d20.4‘; |
Ce-l4d o200 123

others (%)

S TR Y -

e 1§?f5f7dfff}fd??§;26“ii

if42dfdif&:' I I N

A - 0.66
4 ®

Csed o aes

N

¢|‘:5 (2)

(4)

KAPL and Con. Ed data are uncorrected for decay and
are given as reported.’ Fallout data is from HASL RS
Quarterly Report No. 165 at Westwood New Jersey Statlon,__'
corrected for decay to June, 1965 _ . N

Hudson Rlver Area taken as 100 squere m11es
For 1965 only

All other nuclldes hav1ng half 11ves greater than}
1 day. ' e : B

(6/62-1/66) (3/6251/66);;f“”



-technlques. The blolovlcal aspects of the 1964 survey were

eif'the river became contaminated by radioactive SuBStances:

to the point where‘thevpublicvhealth}was,affectedi Onbthe

other hand, it would be a loss to the community if the capadity

‘of the river to receive radioactive wastes safely"was under-

estlmated——or 1f publlc mlsapprehen51on denled the use of

}the river for -the dlscharge of radloactlve wastes in amounts:h
."well below those that could poss1bly have a deleter1ous

: deffect : hﬂt '-_" : - - f:: fi; ‘ ';;~_ ,-;t'lw‘:j;»_ o

The data accumulated dur1ng the past two years glves'l E

;reason for opt1m1sm of ach1ev1ng the eventual obJectlve
-of thlS ecologlcal study It should 1n t1me become p0551ble
‘1_'to observe patterns wh1ch explaln the behav1or of rad1o— .

nuclldes 1ntroduced 1nto a rlver system Ultlmately mechanlsms

~

: can be postvlated to predlct the fate of radlonuclldes

ffintroduced Jnto the Hudson Rlver and 1ts watershed

Presen11y, we are in the process of expandlng ouri'd
research area throughout the length of the rlver and 1nto

its watershed The pilot study .of the Hudson R1ver took o

_place in the Summer of 1964 when a serles of twelve sampllng

statlons in a reglon extendlnc 39 mlles, prov1ded suff1c1ent

background data for the establlshment of a broader sampllng

" network along the river. ThlS study was also fundamental |

to the establishment of. samp11ng and sample process1ng

‘mainly qualltatlve yet suff1c1ent quantltatlve data was -

1-4
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'obtalned regardlng radlonucllde concentratlon to enable us
Ato make statlstlcally valld comparlsons between s0me of the
levels observed 1n 1964 and 1965. .
R In 1965 four sampllng stat1ons, located on the East
t_side of the rlver, were dlscontlnued and f1ve add1t10nal
' rtstatlons were added on the West s1de of the r1ver.H'The'“:
-changes in collectlon 51tes may be seen in Flgure 1 page
R 2—33 Wthh shows the 1964 and 1965 sampl1ng networks.'
r.These changes served the purpose of allow1ng us- to expand'
~ the survey W1thout expendlng an unwarranted amount of
J“"addltlonal effort | Because of transportatlon problems lt

-

- was d1ff1cult to sample the East 51de of the r1ver and

.“slmultaneously expand the range of the study By dropplngne.ﬁh,

'the four statlons on the East s1de we were able to expand h

".ffthe_survey to a 90 mile stretch of Ilver ranglng from

"Catskill; New York to Dobbs Ferry, New York The results,i
of~the,survey 1ndlcate that s1gn1f1(ant d1fferences do not‘”
-ex1st between the East and West rlver banks . :
The survey performed durlng the Summer of 1965 added i
_substantlally to our knowledge of the Hudson Rlver .'InfEf'
,'both the blologlcal and geologlcal studles cons1derable
v effort ‘was made to- quantltate the data A measure of the7 N
-'relatlve abundance for each spec1es of flSh collected was_!
>vdev1sed and length—frequency dlstrlbutlons were complled

ThlS data will serve as a’ standard for comparlson that may



- logical studies.

-.help;torreflect}changes-in-the environmentvin suhsequent

years.

- The geological sur&ey was expanded~in'1965wto include o

. [
. studles of general cation exchange phenomena in the mlneral—

‘organlc sedlmentary aggregates, to document changes 1n

'rlver hydrography and sedlments, and to study the geo—

chemls ry of the sedlments., The 1nformatlon sought is

fundame tal to the understandlng of the sedlment S . capac1tyngw

to ahé:rb pollutants

e pr1n01p1e flndlngs of the 1965 survey are reportedl_'

underxthe headlngs of Blologlcal Geologlcal and Radlo-

ifj Elsenbud M., Perlmutter,,A., and McCrone, A. W.,

P REFERENCE

——

Radloecologlcal study of -the Hudson River, Progres;'¢
- Report No. 1, Div. Radiological ‘Health, U.S. Public o
. Health Service Contract PH—86 64 neg 141 ~Wash. D C.,
1964 . . , ,
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DISTRIBUTION AND ABUNDANCE OF FISHES ALONG THE SHORES ‘
OF THE HUDSON RIVER NEW YORK DURING THE SUMMER OF 1965

f.Alfred Perlmutter o
Eugene E. Schmidt Lo E
‘Eugene Leff co T e
The Hudson River has supported an actlve commerce and

commerc1al flsherles 51nce{1ts.dlscovery, and over‘the years-]”

_ has servedpas a disposal'area for the'sewage-of townS'and

c1t1es along 1ts course. Its waters also have been used to» :_d

S some extent for recreatlonal purposes such as sw1mm1ng, flsh1ng

and boatlng, and to a 1esser degree for drlnklng and as. a coolant "'z

in power‘and other 1ndustr1al plants.

- At present, after a perlod of neclect extendlng back to'

~ s

_ °°1°n131 days, attentlon has been focused on the Hudson Rlver fdmpiiké
as a reglona1 xesource . The awakened 1nterest has beeana

fst1mulated by problems arlslng from a rapld 1ncrease in- o

populatlon 1n the v101n1ty of the r1er and technolog1ca1 o
developments in 1ndustry and agrlcultlre These have resulted

in: qua11tat1ve and quantltatlve changus in" pollutants enterlng

.the river which could affect the aquatlc blota 1nc1ud1ng the’

f1shes. At the same tlme, the need for water of hlgh quallty |
for domestlc and 1ndustr1al use has 1ucreased : Further
with an ever 1ncreas1nCr populatlon dcvelopment of the

river as a recreat10na1 area becomes 1mperat1ve E ,I} Cea.

UHQUESti°“ab1Y’ further development of the Hudson River

as a regional resource will'entailfmultlple”utilizatlon;IIA
, oy o - S -



_progran for'optimum multipie utiiization of the river"sj
resources will require 1nformat10n from many d1sc1p11nes
dncludlng among others the blologlcal economlc and soc1a1‘
Informatlon on the flsh and flsherles of the Hudson R1ver ;N
'is fragmentary and d1scont1nuous The most comprehen51ve

- reports on the subJect are the b1010g1ca1 ‘studies of the
‘Hudson River watershed made 1n the summers of 1932 1934 and
1936 by the State of New York Conservatlon Department (1933
:1935 1937) These surveys are 11m1ted to 1nformat10n in. o
”the few years in which they were conducted More cont1nuous
1nf0rmat1on, partlcularly on the commerc1a1 flshes and

- f1sher1es of the river are contalned in annual reports of the'
flshery statlstlcs of the Unlted States complled by the F1sh
and W11d1 fe Service (Fledler 1932 1941 and 1942 1945 ﬂ
'fAnderson et. al., 1946 1957; Power, 1958- 1963) Indl—:.
v1dua1 studles have ‘been made on cer1a1n phases of some
spe01es, notably the shad (Talbot 1954) and the strlped

bass (RathJen and M111er 1957)

s Thls portlon of the study has been concerned malnly w1thﬁ
a:single aspect the blota of the r1ver, w1th partlcular":
emphas;s on the flshes Our ooJectlve was to determlne 1n.V;'
greater detail their dlstrlbutlon 151ze and age composltaon

and abundance for use as a neasure of the effects of - urban,.‘

agrlcultural and 1ndustr1a1 pollutants_onjthe'flsh popula—;”

tions.



'The‘surveys}ofvthe New YOthStateFConservation Departé
ment and our own observatlons 1nd1cate that the young—of—
the- year f1shes of many spec1es are heav1ly concentrated
along the shores of the river.: Slnce these would most llkelyl’

be the product of local spawnlng and res1dent in the area.

'vof birth for a large part ‘of the perlod_stud;ed,vwe felt

that they would be better indlcators of annual"fluctuations
in pollution‘than older fiShes The older flshes found in a
the more offshore and deeper water of the r1ver would cons1st

of a mlxture of year classes to be composed of both re51—:i"

“dent and 1mm1grant flshes of unknown and chang1ng proportlonsJ

“'During the summer of 1964 a prellmlnary ecologlcal -
study of the Hudson River’ was carrled out in ‘the area from‘

VLo
i

,fDobbs Ferry to Poughkeep51e (E1senbud et. El-l 1965)

Samp11ng of the flSh populatlon was accompl1shed by selnlng

along the shores at local1t1es on the river sultable for the‘

.purpose. Twelve sampllng statlons were . establlshed elght

on- the ‘west s1de and four on the east 51de of the r1ver

.ﬂFlgure l). Colxectlons were made from June 23rd through

August'12th Included w1th the f1sh were samples of other

organlsms namely 1nvertebrates and aquatlc plants

‘In the 1964 study,_sampling‘was qualititfve with no .



attempt made to determlne the relatlve abundance of the flSh

. vby~loca11ty, spec1es or age group. The prlmary purpose of

=

.thls initial 1nvest1gat10n was: to obta1n large enough
‘samples of the maJor speC1es of flshes and ass001ated
biota in the area below Poughkeepsle to elucldate the
reIationship.between thelleweis;of raaioactiuity insther;
various portlons of the ecosystem : Whlle aCcompllshlngw;;‘
th1s prlmary purpose, cons1derab1e data was obtalned onwthe_.
general dlstrlbutlon of various, organlsms partlcularlyr?hv

. ‘the fishes along the shores

Eleven species of f1sh were most frequently caught in

the seines throughout the area studled ' There were thenﬁpf

-strlped-bass Roccus saxatilis; ,whlte perch Roccus

-americanus; saltwater k1111flsh Fundulus heteroclltus

freshwater k1111f1sh Fundulus dlaphanus shad Alosav

sapldlss1ma -alew1fe, Alosa pseudoharengus blueback ‘

herring, Alosa aestlvalls common sunflsh Lepomls glbbosus

‘Johnny darter Etheostoma nlgrum spotta11 shlner,\Notropls -

hudsonius and common 511ver51de,“Men1d1a men1d1a ,fIﬁf
‘_ addltlon twenty—two other spe01es of flshes were taken ft‘

occasionally at the various statlonsf"

During the summer of 1965, the iﬁvestiéation"was,{ %
expanded to include a sectlon of the Hudson Rlver abovetf

"Poughkeepsle._ To accompllsh thls w1th the fac111t1esk B

'ff2%4tt'":3;lt R



R

. were quantitated. r"“l'ejghl“l‘\fl,f_l' SN

“available, all collecting sited on the eaSt‘side'Of.thef

river and Stations I W1, I W 4, II W 3 and IITI W1 on the

*l west Side-of the river'Were'dropped A new statlon Ir W 2 Af"

was added on the west 51de in the sector below Poughkeeps1e :
vat Cornwall. Four new statlons were added on the west s1de -
of ‘the river in the sector above Poughkeeps1e These were

I V wvi, located one-~ quarter mlle north of Esopus Meadows ?,:

" .Point in the town of Esopus, I V 1 2 ‘a cove at Ulster-*

Landlng; IVW 3 1500 feet W N, W of Esopus Creek Inlet

IV W 4 the cove 1000 feet south of Smlth Land1ng at .

-

~ Cementon (Flgure 1). Also in the 1965 study,vcollectlons

Every sta1lon was V1s1ted five t1mes in the perlod

: from June 21st through August 16 1960, in June on one -

day durlng tte 1nterval June 21 22 ‘in July on one day
each durlng the 1nterva1s July 6 7 and July 19~ 20 and 1n
August on one day each durlng August 2 4 and August 16 17
A f1fty foot nylon selne of the follow1ng spec1f1cat10ns |

was employed to collect the flSh The mesh 51ze was 3/8

, of an inch while’ the top and bottom 11nes were made of }

inch polypropylene The- former ‘had plastlc floats 2

inches in dlameter and - 1nch thlck every 15 1nches wh11e

“the latter had a number 9 oblong lead every 15 1nches

Centrally located 1n the body of the net was a pocket of the;i_
3 ‘ ’ '

2.5 o



. same material as the net}: The”pocket was 4 by 4 feet at its

attachment and extended back for 6 feet.

The'net was set at each station=accordingato.fixed'
_procedure It was pulled out 1nto the water perpendlcular
'to the shore unt11 2 depth of about 4 feet was reached
The distance to thls depth from the shorellne varied from'”
rstatlon to station and changed w1th the t1de Measure—
.ments were made»ln multlples of,25_feet and‘ranged from:
25 to IOOlfeet At the prescribed position'~thevnet“was
;stretched parallel to the shore and then hauled to the |
lbeach._ The product of the dlstance from the shore where'j-

. the net was et and the length of the net is. taken as the

area selned Sllght changes 1n these parameters occa51on~ N

fally were 1ncurred because of obstruc 1ons _The number of
tows made at.a tatlon at a partlcular t1me was dependent
on the extenzlveness of the shore arei sultable for se1n1ng

and this varLed accordlng to t1de Table 1 summarlzes the.

number of tows made at each statlon and the computed total o

area’ selned The average total area selned per 1nd1v1dua1
station for the entlre perlod studled was 40, 908 square:
4feet and ranﬂed from 12, 925 square feet at IT W 2 to 57 500
square feet at [V W 2 The average number of tows made at
. the 1nd1v1dua1 statlons for the perlod under study was 13

.with a range of 11 to 16."

| et Y=

b
o
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‘ comblned and the pooled frequency taken as 1nd1cat1ve of

U(Perlod 2) _ R 1h;'g1 @fi':Wl. -q_h:. <

The lengths of each spe01es of flsh taken at qtatlons

' 1 W 3, II W 1, II W 24 and III W 2 were pooled and

the compos1te ]ength frequency con51dered as 1nd1cat1ve of

" the size compos 1t10n of these f1sh 1n the euryhallne env1ron—

ment below Poughkeepsie. Slm1larly, 1engths of each spec1es

taken-at StatiOns IV W 1, IV W 2 IV. W 3 and IV W 4 were”

‘these f1shes in the freshwater env1ronment above Poughkeeps1e
' Further, the comb1ned frequenc1es by sp°c1es for the areas
"below ‘and above Poughkeep51e were determlned when p0551ble, o

“for two time perlods, namely June July (Perlod 1) and August

~

\
st

Fromuthese length frequencies?anddlnformatlon on lengthf

7age dlstrlbutlons of Hudson Rlver f1shes obta1ned in the

1964 study (Eisenbud et. al;, 1965) the catch of. most spec1e< v

.could be divided 1nto two age categozles 'a 0+v(young—of—'

ithe year) group and a 1+:>(one Year -and older) g“oup This' h

informatlon was then correlated w1th f1e1d data on the extent»

of area-se1ned ~An arbltrary relatlve catch per un1t of

}_area'figure the number of flSh cauwht in each of the two

age categorles per 100, OOO square leet of shore area selned L
was calculated Eor each statlon,‘ throughout the collectlng
season. ThlS measure of relatlve abundance and avall—

ab111ty was also calculated for ‘each spec1es for the

~entire collectlng perlod and for the Whole rlver by tak1ng

| the average of 1he catch per 100 OOO square feet of shore
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area seined obtained for all nine>statiOns;u‘
" RESULTS

Species Captnredb

A total of elghteen spe01es of flshes were most common A

“in. the catch These were the whlte perch Roccus amerlcanus,'

;striped bass, Roccus saxatllls 'shad Alosa sap1d1ss1ma

~ ~alewife, Alosg pseudoharengus blueback herr1ng, Alosa

B aestivaliS' spottall shlner, Notropls hudsonlus goldflsh B

: Carass1us auratus carp, Cyprlnus carp1o, golden shlner,

NOtemlgonus crysoleucas; saltwater k1111f1sh Fundulus o Q'sh

hetercclitns, freshwater k1111f1sh Fundalus dlaphanus

5Johnny darter, Etheostoma nlgrum,‘common sunflsh Lepomls

glbbosus; American eel, Angu1lla rostrata common s1lvers1de,f‘ .

Menidia menidia° t1dewater s11vers1de, Men1d1a berylllna

bay anchovy, Anchoa m1tch1111 and the wh1te mullet

Mug11 curema. Appearlng as rare stragglers, partlcularly

in the area below POUghkeep51e _were the blueflsh Pomatomus.”h'

saltatrlx the tomcod Mlcrogadus tomcod the northern-elv

pipefish,.Syngnathus ‘fuscus; four-splned stlckleback

APelteszuadracus;‘hdgchoger, Trlnectes maculatus éthe

.Atlantic needlefish, Strongylura marlna, and the Crevalle

jack, Caranx hippos.u ' ew_:~. fﬂ _-if=iu .




'certlan spec1eu, the lengthefrequency information'for]the

Length—freduency Distributidhs

'_The length-frequency distributions of the eighteen

species of»fishes'predominant in'the catchfare given in'

ATableS'2—7 To fac111tate ana1y51s the length frequenc1esf-

have been plotted for twelve of these spec1es Wthh were

found to be the most abundant or of economlc 1mportance or

both (Flgures 2-6) . Where sufflclent data was ava11ab1e, :;"

) the length frequency dlstrlbutlon has been glven 1ndependently 3

for the areas. above and below Poughkeeps1e both for the

per1od coverlng the comblned collectlons of June and July

(Perlod 1) and the perlod coverlng the collect1ons taken

in August (Period 2). Where data was less complete for .

- .

-two areas or two periods or both were combined.

. An exam1nat10n of this data 1nd1cates, in most'speCies,:’

-a concentratlon of f1she of the smaller 51zes and 1n the

0+ year class. In the whlte perch durlng Perlod 1, the -

f1sh caught ranged in lenath from 10 154 mm The 0+ age

‘ group ranglng from 10 49 mm in 1en0th comprlsed 68 . percent

‘of the catch In the north, ‘the modal length was 25—29 mm

compared to. 20- 24 . mm in, the south (Table 2 F1gure 2) Thef[jf
1+ age group ranged in length from 55 89 mm and made up f.-el;;
25 percent’ of the catch.. Oncefaga1n the f1sh in the north
appeared to. be larger than those 1n the south - This dlf—

ference in size of. f1sh betaeen the two areas 1s not ev1dent

29 .



i the northern area are larger than those in the south

in;Period 2.

Data on the strlped bass washnot exten51ve enough to-
do more ‘than calculate a length frequency d1str1but1on for “
the entire river for the total sampllng'per;odv(Table 2,
Figure 2);' The 0+lage groun.ranged from 15—64 mm.”

Among the herrlngs, only the shad was found in sufflc1ent

»

fquantltles both in the northern and southern areas to com-

pare its size comp051t10n dur1ng the two tlme 1ntervals A1l
the shad were young—of—the year and ranged in length from
25-54 mm in Period l and 35—59 mm in Perlod 2 (Table 3,

F1gure 3). There is some suggestlon that the fish 1n'

A11 alew1ves and bluback herrlng were young—of—the year;

Slnce rela11ve1y few alew1ves an( bluehack herring
were taken below Poughkeep31e the tot¢1 catch for the'
rlver was conblned (Table 3, Flgure 3). In Perlod 1
the alewives in- the 0+ group were. smaller than the shad
and had a range of 10 59 mm but a mode at only 25 29 mm.
Thls was also true for ‘the blueback herrlng wh1ch ranged
from 15—44 mm, also with a peak at only 25 29 mm A-
relatlvely small sample of alew1ves caucht in Period’ 2
were larger. than shad taken in the same perlod The:.
blueback herrlno remained smaller than the shad o

g0
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Among'the killifisbes; the }reshwater.hillifishtih'”
'_the 0+ age group had a modal length durlng Perlod 1 of
15—19 mm in the southern area and 20 24 mm 1n the northern
area (Table 4, Figure 4).v.In Perlod 2 the-0+ flsh in -

. the north were also:larger ih siée than those in the south
w1th a mode at 30-34 mm and 25 29 mm respectlvely The
length—frequency d1str1but10n for the mature flsh those
1+ and older,_show the females to be larger than the

males

The saltwater kllllflsh unllke 1ts related fresh—‘;
water spec1es, ‘was found mostly below Poughkeep51e dur1ng‘
Perlod 1. The O+ flsh had a modal length of 20 24 mm,l;”
t:during Perlcd,l and 25-29 mm durlhg_Per1od 2 (Table 5, -
_Figure 5). Also, as in thé_'fres.hWater'_v_killi"fish','.. the j

adult femaleSawere larger than the,males; (“ o 'ff 5;%37’

The common s1lve151de was caught only below Poughkeep51e
and ‘the flst taken were eXCIUslvely 0+ flsh (Table 5
Flgure 5). The modal length was 55»59 mm in Perlod 1

and 65-69 mm in Pe-lod 2:ﬂf

Ybung-of—the«year goldfish were taken.hoth ahove andf
vbelow Poughkeepsle (Table 5 Flglre 5) F1sh caught in

' the north appeared to be larger'ln size w1th modal lengths

' durlng Period l.at_15n19 mm.and=25e29_mm compared.to a modal

na
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'.fsouth it was 20-24 mm. " In Perlod 2 no dlfference in

_and south, the O+ fish ranged from 10- 39 ‘mm. -However,' )

length of 15-19 mm in the south. In August, the modal

1ength‘of fish above Poughkeepsie'mas 25-29 mm' ‘No- data 'd

. was avallable on flSh 1n the south durlng this per1od

" Another cyprlnld the spotta11 shlner aISO'showed
0+ fish whlch were larger 1n the north than 1n the south

durlng Perlod 1 (Table 6, Flgure 6) In- both the north"

'1n the north the modal 1ength was 30 34 mm. wh11e in thej“v,"

-

'mode appears ‘between flSh from the two areas

‘-

The_common sunfish'was’not'available invlarge enough

~ numbers to compare the'size'diStributioﬁs‘in the two areas-’

(Table 6 Flgure 6). However con51d°r1ng the rlver as a

{whole, ‘in Perlod 1 the 0+ flsh ranged from 10- 24 mm w1th
a mode at 15 19 mm. and in Perlod 2 from 10 44 mm w1th modes :.,

at 15-19 mm and 25-29 mm.

" The Johnny darter occurred 1n both areas throughout

'the 1nvest1gat10n and the catch con51sted mostly of 0+ flSh

'In this age group the length varled frOm 10—39 mm'ln-Perlod_'

1. As w1th other. spe01es 01ted above the flSh appeared

A ]

larger in the north than the soutb w1th modal lengths of |

30-34 mm and 25- 29 mm respectlvely (Table 6 Flgure 6)

*d ThlS dlfference in length 1s not present in Perlod 2

L aalz»"
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, Reiatively few;carp; golden shinere.andftidewaterrn

| Silversidee wereleauvht throughoutithe riverh(Tabie .

. T The young-—of— the year carp ranged in 51ze from 10- 49 mm
. | ‘while the range of sizes of golden shlners was 25—89 mm.dS

The tldewater 511vers1des were taken only below Poughkeep51e

_ They were all O+ fish and ranoed in 51ze from 25- 64 mm.

¢v~;~"‘ - Bay anehovy and whlte mullet were caught only at the",fS'w
' ‘ lower stat1ons of the southern area and were all 0+ flSh
(;f . (Table 7) The anchovy varled from 20 34 mm ‘in length =

.' S while the mullet ranged from 25- 84 mm' in length

The - f1na1 species to be con51dered the Amerlean eel

' _ ranged 1n size from 60~ 454 mm (Table 2) The size dlstrl—
' I’:‘ :'?butlon by year class could not be determlned as no data on
. . "_fage was ava;lable. | |

Aside‘fremyusefulness in deiineating the;0+‘agehgrdnp'

; (:D v_lfor the various speC1es, the length frequenc1es 1ndlcate R
. , 'that many of. the spe01es are} 1arger 1n s:.ze durlng Perlod 1
‘in the area above Poughkeep51e than 1n the souther area.i:L‘M
Whether this is due to earller spawnlng or more favorabletd
, env1ronmenta1 condltlons in the freshwater reaches of the.d‘”

r1ver 1s not know.

Relative Abundance

On the basis of both the 1ength—frequenc1es plesented
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;h o _above and the age—lengthifrequencies computed for Hudson River
. o fishes during 1964 (Eisenbud _e_t.. _a_l_.,.“--l965) a quanti—
.tative comparative catCh of 0+'and-l+:> fish was computed"
; ﬁ_',. }'i. for the entire collection period for‘each species_and».r
‘for all species both for indlvldualxstations.and all
-stations combinedz(Table S Figure 7) 'LAs'has.beenl
, explalned prev1ous1y, these quantltatlve comparatlve_
catches are computed from measured areas of selnlng at
: ﬁ B statlons and converted to an arbltrary un1t of catch
: 'Aper 100, 000 square'feet:of shore seining area.‘ ThiS"
unit of catch will be de81gnated by the letters p u.a.

L (per Ganit area) in future d1scuss1on
‘. o The relative abundance of al‘__l species of fish‘es
,‘taken at each station throughout the periodustudied

* ranged from 1,553-8,346 p.u.a. (Table 8). However, in

. seven of the nine stations the range was'much'smaller;
.3_“ 1 553 2}666 P. u a. High. levels of abundance pxevalled

”} at I W 3 and II W 2 w1th f1gures of 5 256 and 8, 346 p u.a.

; respectlvely The hlgh level of abundance at I W 3 was”
influenced by penetrat1on of such spe01es as the common
_511vers1de, bay anchovy and whlte mullet from the relaex
.fively salt water of the southern reaches of the Hudsongﬁ'
River. At II W 2 the- backwater env1ronment appeared to

be a favorable nursery‘habltat partlcularly for the spottall



shiner, saltwaterAkillifish,_white perch and Johnny darter.

Of the eighteen snectes considered, the spottail shinerul

,r.waS’the most abundant avéragingi481 fishﬂp'u'a (Table 8 |
Figure 10). Most of the catch 442 p. u.a. was 0+ flSh 'The,}
‘remaining 39 ‘P.u. a., were l+ and older flSh Spottall shlnersi
“were taken at all stations except I W 3 the southernmost
-statlon Young—of—the—year flsh were: most abundant at -“';

n,II W 2 wh11e older flsh were more prevalent uprlver at

II W 2, IV w1l and Iv W 4.

The second most abUndant.species“wasTthe freshmater
klllifish'with a catch 6f!47b p'u'a F(Table.S, Figure 9).
Almost half of the catch, 227 P. u.a. consisted_of:1+ and -~

_older fish and the remalnder Q+ f;sh} .Some'specimenslmere
j caught at'all stations, but‘Of‘fish were most abundantlat ;
II‘W 2 ITw 2A III W 2, IV W . and v oW 3 whlle 1+ and
- older flSh ware most abundant at II W 1, II W 2 II W 2A

and III W 2,

.Four species are in close combetitiOn!as”theTnext moStf
abundant fish. These are‘the whitefberch .saltwater k1111—-
fish, commonwsilverside_and Johnny darter.i The abundance
of white perch was 372 p:u.a.,fandjconsistedwof 256 p.u.a.
_lof'O+ fish and a remainder of'1+:§;fish*(Tab1e-S,AFigure_S).
Both age groupa were taken at a11 statlons "In thelloWer~

part of the rlver, both age groups were most abundant at
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II W 1 and II W 2 while in the upper port1on of the r1ver
the 0+ flSh were most prevalent at IV W 1 and the 1+

fish were most prevalent at-IV w1, IV W'2 and IV W 4 The“

: saltwater kllllflSh had a relatlve abundance of 364 p u.a,.

of which more. than 60 percent was 1+-> f1sh (Table 8, flgure

‘49). Both the 0+ and 1+_>~age groups were most common ‘in

the euryhal1ne area below Poughkeeps1e partlcularly at I W 3,

72 II W1 and II W 2 while the l+‘> f1sh were -also abundant at '

III W 2. In the freshwater area about Poughkeep51e few of

this spec1es were captured : The common s11vers1de was cal-
culated.at 337 p. u.a. (Table 8) The catch comprlsed only_‘
0+ fish and limited exclus1ve1y to the southermost two, |

~

statlons in the euryhallne zone, I W 3 and IIIW 1. The .

relative abundance of the Johnny daJter at 336 p.u.a. Ewas'

derlved from a mixed catch of 0+ and 1+-)»flsh of whlch 96
percent made up the former age category (Table 8 Flgure 9)
Fish of thlS spec1es were found at 11 stat1ons but I W 3
The O+ fish were most abundant at IL w 2 and IV W 3. The W”
maJorlty of the 1+‘> flSh were captured uprlver at the fourjp

freshwater stat1ons north of Poughkeep51e

1 The blueback herring was next_in order'oflabundanceWT

o w1th a count of 273 p.u.a. (Table 8 F1gu1e 8) All flSh

belonved to the O+ age group Wh11e they occurred at all
statlons»but rw 3, the center of abundance was 1n the‘
- three uprlver stat1ons IV W 2 1v W 3;_and.IV‘W 4:.-"

i
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. The two other clupelds commonly found.in.the Hudson
River, the shad and alewife, uere~alsofcaught as younge
’ offthe—year andlwere’abproximatelydone—fourth as abundant
kasithe blueback-herring (Tableus rigure 8). The shad was.
:found at all stations except I W 1 and II W 2 and was'most
abundant in -the lower river atvII W 1, II W 2A and II' W 2
and ih the upper_rlver at IV'W 2handrIVAWm4, By contrast,
nthe alewife which occurred-at all:stations”but.llwml-was
most abundant in the four stat1ons north of Poughkeep51e,

'»Iv W1 to IV w 1.
'Next in order of'abundance Wassthe bay anchovy with

~ -

hha Concentration of 160jp u.a. (Table 8) . All fish wefé“"
0+ age group and were taken only at t1e southernmost statlons,
Iw 3 Slmllarly, the tldewater 511v=rs1de and whlte mullet
‘of the 0+ age group were taken in the southernmost part

of the river bu1 in relat1vely small numbers (Table 8)

The catch of t1dewater 51lver51des was 18 p u. a w1th the

bulk taken at I W 3 and a few at II W 1 “The. catch of

whlte mullet’was 32 p.u.a. _all from I W 3

GOldflSh of the 0+ age class were found to numberi
“'107 p.u.a. (Table 8,‘F1gure 10). They were lacklng 1n”"
the southernmost-three stations I w 3 II w 1 and II w 2'

"~ and the most northern statlon IV W 4 They were most

abundant at II W 2, IV w 1 and IV w 3 Another cyprlnld}’
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.the carp, was relatively scarce in the‘catch."The.O+afish‘

had a concentration‘of 3 p u.a,. (Table 8, Figure 10) They

,were‘not present at III W 2 and at the four. statlons in -
B Whlch the goldflsh were absent and were most abundant at
"11 W24, IV W 1 and IV W 3. Still another cyprinid, the
| golden shiner, was rare 1n our catch | The average abundance
Zof 0+ fish was" 7 p,u.a. (Table 8, F;gure 10) . No spec1mens ,
u:were_takenrat I W3, ITW 2.or IV‘W 2. Most of the flsh _ |

- were captured at II W 24, W 1, IV W3 and IV W 4.

Common sunflsh were found to average 89 p.u. a of wh1ch o

PR Y

‘ about 60 percent were O¢ flSh and the remalnder 1+ > (Table 8,'

~

Flgure 9) Peak abundance for 0+ flSh was at II W 24 and

| IV W 3 and 1¢;> fish at 11 W 2 and 11 w 2A

Coming noW to the commercially end recreationaliy'

| important Species-oflfish the strlped bass the rela— -

tive ‘abundance was computed at 41 p. u a. for'all ages

captured (Table 8 Flgure 8) The relatlve abundance
of the 0+ flsh alone, was 37 p u a. Peaks of abundance

of the 0+ fish were found at IT W 1 and II W 2 and of the

L1 D> flsh at II w1, II W 2. and II W 2A

~ The single species remaining,'thecAmerican‘eeI,~had“

a relative abundance of 28:p.u,a.‘forpa11‘aées. " Eels

‘were present at all stations but were most abundant at
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Q,env1ronmenta1 changes w1th fluctuatlons in: abundance : }l\

IT.W1, II W2 and II W 2A,

CONCLUSIONS

The 1nformat10n presented 1n thls paper 1s ba51c to

- an understandlng of the effects of changes of env1ronmenta1

'condltlons in the‘rlver on flsh'populatlons The levelsiof

abundance of f:shes collected along the shores of the

"Hudson R1ver in 1965 partlcularly of the 0+ age group,

w111 serve‘as;standards for.comparlsonvln subsequent years

~and is expected to be reflective of changes in the environ-
»ment of the Hudson River as a whole 'Studres nbw in progress'

are exam1n1ng the relatlonshlps of maJor man—lnduced
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Table 1. Number of Tows and Cdmputéd,Area Seined at{Eachrsﬁatidn,C19653:ﬂﬁ' '
'South of Poughkéepsie
Tw3 IT W1 | II W2 . IIW2A CIII W 2
: : " Av. h ‘ Av, ' - Av, ) Av. Av.
. Period: Total | No. | Area Total | No. | Area - Total | No. | Area. | Total | No. Area - | Total | No. Area
- ‘Area | of | Seined ‘| Area | of | Seined :| " Area | of | .Seined Area [ of  Seined | Area | of Seined
Seined |Tows |[Per Tow Seined |Tows |[Pexr Tow Seined [Tows (Per Tow | Seined [Tows Per Tow Seined [Tows| Per Tow
June 21-22(13,750| 4’| 3,438 | 5,000| 2 | 2,500 2,675 2 |'1,338 6,250 | 2 3,125 |10,000 | 4 2,500
- July 6-7 [16,750| 4 |.4,188 5,000 2 | 2,500 2,500 2 | 1,250 |10,000|. 2 5,000 | 5,000 2 2,500
July 19-20{ 7,500| 2 | 3,750 5,750 2 .| 2,875 1,375( 2 688 . 7,500 | 2 - 3,750 | 5,000{ 2 | 2,500
Aug. 2-4 | 6,250| 2| 3,125 4,500| 4 | 1,125 1,875 3 | : 625 10,000 | 3 5,000 [12,500| 4| 3,125
- Aug. 16-17| 6,750 | 2 | 3,375 | 5,500 '3 | 1,833 4,500 | 2 | 2,250 .| 7,500| 2 3,750 | 9,250 3 3,083
TOTAL 51,000| 14 | 3,600 |25,750| 13 | 1,900 12,925| 11 | 1,200 | 41,250 | 11 3,800 |41,750| 15 | 2,800
. North of Poughkeepsie .
Period - ' : ] aE
IVW 1 Iivwa2 IVW3 IVW4
June 21-22[13,750| 3 | 4,583 8,750 3 | 2,917 8,750 3] 2,917 7,500 | 4 1,875
July 6-7.| 7,500 2 | 3,750 8,750 3 2,917 4,250 3| 1,417 5,000{ 2 2,500
July 19-20! 7,500! 2! 3,750 11,250 3 | 3,750 16,606 3| 3,333 i7,500( 5 3,500
Aug. . 2-4 |12,500 6,250 15,000 3 | 5,000 37,500l 21 3,750 | 13,750! 3 4,583
" Aug." 16-17| 5,000 2,500 13,750 4,583 10,000} 2| 5,000 7,500 3,750
. TOTAL | 46,250 11 | 4,200 |57,500( 15 | 3,800 40,500{ 13| 3,200 | 51,250| 16 3,200
» 2-20



Table 2. Size Composition of White Perch, Striped Bass and Eel, 1965

White Perch . N Striped Bass | ' » ‘Eel

S"tan,da rd T

soury &/  norru & All Stations,

"Length SOUTH ~ NORTH

(mm.) 1 2/ 2 2/ 1 ‘ .2 Whole Period

No. % No. % No.

R

. No. % _ No. % No. % No. -

10-14 - - - - 6 1.7 - - - - - - -
15-19 24 8.6 - - 15 4.3 - - -3 3.7 - - -
20-24 |.110  39.5 - - 3 .9 3 5.3 19 23,2 - - -
25-29 17 6.1 2 1.8 102 29.1 1 1.8 . 21.9 - - -
 30-34um | 34 12,2 - - 43 12.3 2. 3.6 8.5 - - -
35-39 | 3 1.1 2 1.8 |55, 157 - 3 . 5.3 4.9 - - -
40-44 - - - 12 10.7 %] 12+ 3.4 0 24 42,1 7.3 - - -
45-49 o= = 1401205 0 ¢ 1 L3 19, 33.3 4.9 - - -
50-54 . - - 13 11,6 . .- . .- . 3 . 5.3 6.1 - - -
© 2 85-59 i1 . 0 - RN - 1 1.8 3.7 - -
60-64 {37 . Tt R . L= - 3.7 . - -

- 65-69 12 . - - - . - = - . 1 - 3.1

S70-74 . )17 - - 1 . - = - 1 - 15. -
5 2.4.

75-79 |15

80-84 :
' 85-89 .
.90~94 .
.795=99
7100-104

105-109
T 110-114
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White Perch : ' Striped Bass - - Eel

Standard

Length

{(mm.) :'

All Stations, -
.| whole Period

_No.

%

&

No.

- 305-309 -

TO ‘
115-119 1 .4 7 6.2 - - - - - - 2 3.1 3 9.4
© 120-124 1 A1 .9 1 .3 - - 1 .2 3 4.6 - -
125-129 - -1 .9 - - - - - - 1 1.5 - -
1130-134 - - 2 1.8 2 .6 - - - - 2 3.1 3 9.4
. 135-139 -~ C - - 2 1.8 - - - - - - 1 1.5 2 6.3
0 140-144 0 1 4 - - 1 .3 - - - - 2 3.1 1 3.1
145-149 2 70 -2 1.8 - - - - - - - - - -
150-154 1. .4 - - - - - - - - 3 4.6 1. 3.1
155-159 = - = - - - - - - - = - - -
160-164"% .. - TR = = - - - - 20 3.1 5 15.6
165-169 .. ‘- , - - - - - 1 W20 1 1.5 1 S 3.1
170-174 .- - - - - - - - - - L 1.5 1 3.1
175-179 - - - - - - - - - - = 1 1.5 . -
.180-184 - - - - - - - - - - - 1 1.5 R -
£ 185-189 - - - - - - - - - - - - 1 3.1
.-190-194 .. - - - - - -~ - - - - - - 1 3.1
-195-199- - - S - - - - - - - - - - -
7 200-204 - - - -y 1 .3 - - - - = - - -
. 205-209 - - - - - - - - - - 1 1.5 - -
. 210-214 - - - - - - - - - - 1 1.5 - -
.275=279 - - - - - - - - - - - - 1. 3.1
- - - - - - - - - - - 1 3.1



‘ " oo
..... ..»' »
\ e N
" Table 2, Cont'd. | '
‘White pegch' : - ' Striped Bass - . Eel
Standard C e v . ' Y4 N R : . .
tencen | T SICA : porld : ., All Stations, souTy 'NORTH
ngt . ) Co . 2' . ’ - . : ] .
) R 2/ 2 2/ - 1 2 -+ Whole Period - i
(mm. ) _ : : . No. - % No. - %
No. % _ No, % No. % - No. % No. %
340-344 - - . - [ - - - 1 3.1
,380~384 . - - - - - - C - o= T . - - 1 3.1
- 450-454 - - - S - - = = - - 1 3.1
TOTAL . . | 278 99.9 112 100.0 | 350  100.0 = 57  -100.3, | 82  99.9 | 65 . 99.6 | 32 99.8

'g~;/ South and North_of.PoughKeepsien
2/- Period‘I:;Includeé:cbiléctions;taken on-one’ day during the interval June 2If2§: one day each during
 the intervals July 6-7 and July 19-20> Period 2: Includes collections taken on one day-each during:

the intervals August_2—4,and,August 16-17. . : oL i ' o I :

e
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Table 3. Size Composition of Shad, Alewife and Blueback Herring, 1965

-Blueback

“ the intervals July

6-7-and July 19-20. Period 2: Includes collections taken on one day each during
the intervals August 2-4 and August 16-17. o . : » ' :

2-24

- Standarxd Shad Alewife ‘Herring
" Length - SOUTH NORTH. All Stations All- Stations
' - 2 2 ' B ' .
- {mm.) 1 2/ 2 2/ 1 2 2 1 -2
RN No. % No. % ",z:No. 5 h% - No. - % No.. % B No;f“ % 7 No.’ %' No. \ %T
10-14 - - - - - - e - 9 6.1 - - - - 4. 1.3
15-19 - - - = T 14 9.5 - - 4 1.3 38 - 12.7
'20-24 - - - - - = o= =125 .. 17.0 U - 40 . "12.9 . 33 11.0
25-29 - - - - ' _ 5 . 6.3 - - 39 _‘-26.5 - - 144 46.5 56 18.7 -
30-34 20  39.2 - = 21 . . 26.3 el - - 13 - . 8.8 - - 103 33.3 89 29.6
35-39 7 13.7 28 68.3 31 38.8 = 3 3.9 17 11.6 - - 17 5.5 66 © 22.0
40-44 9 17.6 12 29.3 ~ 19 23.8 14 18.2 21 14.3 - - 1 .3 12 4.0
45-49 12 23.5 1 2.4 4 5.0 27 35.1 4 2,7 "1 5.6 - - 2 .7
50-54 3 5.9 - - - - 26 33.8 4 2.7 1 5.6 - - - -
55-59 . - - - - = - 7 8.1 1 .7 4 22.2 . - - - -
60~64 - - - - - - - - - - 6 _33.3.] - - - -
- 65-69 - - - - - - - - - - 5 . 27.8 - - - -
. 70-74 - - - - - - ‘- - - - 1 5.6 . - - - -
- TOTAL ‘51 99.9 " 41 100.0 - 80 100.2 77 100.1 147 ©99.9 18 00.1 | 309 99.8 300 100.0
1/ South and Neorth of Poughkeepsie
2/ Period 1l: Includés collections taken on one day during the interval June 21-22; one day eééh"during
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‘Table 4., Size Composition of Freshwater Killifish, 1965 '
S souTH 1/ s ' NORTH Y/ _

Standard 12/ ' 2 ¥/ ' 1 ‘ 2

Length r3y w3¥ 53 1 M F 1 M F 1 M F

{mm, ) : ‘ : ) : o :

O No. % No.. % _No. % . | No. % _No. % _No. % |No. % _No. % _No. % No. % . No. % No. %
10-14 26 4,2 - = - - - - - - - - |, - - - - - - - - - - - -
15-19 {107 17.3 - = - - |3 1.1 . - - - - 2 2,9 - - - - 4 14 - = - =
20-24 60 9.7 = = - - |33 12,0 - - - - |18 26.5 - - - - 27 9.3 = - - -
25-29 13 2.1 - - - - {99 35.8 - - - - |5 7.4 = - - - 82 28.1 -~ = = =
30-34 8 1.3 - - - - |49 17.7 =~ - - - 1 1.5 = - - - 87 29.8 = - - =
35-39 R - - |10 3.6 .- - -2 T - - - - - - 41 14,1 - - - =
40-44 - - 6 10 L .2} - - - = 4 1.5 = - - - - - 18 6.2 = = ‘= -
45-49 - =-_.24 3,9 13 2,1} 1 .41 .4 4 15| - - - - = - 3 1.1 - - - =
50-54. | = = - 33 54 2845 - = - 3 1.} .~ . = | = - 7 .10.3 3| 4.4 - - 1 ..3

..55=59 17 = = 71711.5 36 5.8 = -8 .°2,9773 - 1.1 - - 7 10.3 3 | 4.4 - - '3 1.0
60-64 - = 37 6.0 47 7.6 .- - 13 4,712 4.3 | - - 6 8.8 57| 7.4 - - 5 1.7 2 .
65-69 . - = 728 4.5 23 3,7 | .- S eFTUTLLLOUAL 4,0 et -3 4.4 4| 5,9 = - 1 .3 62

70=74- ~ = 14. 2.3 110 1.6 | - - 1 .4 11 4.0} - - 1. 1.5 3| 4.4 - - - - 51,

" 75-79 - = 37 .5 13. 2.1} - - - 3 11 - e e - - - - - - = 51,

. 80-84 | ‘= = 4. .7 813, = - - - 1 A= - - - - - - - - - - -
85-89 - - - - - = - - - - - - - | - - - - - - - - - - 1 .3

£90-94 | = = e s et e el e e et e L A e et e e e D e e e e e e
TOTAL ™ 215 34,8 22 35.8 '179 28.9 |195 :70.6 29 10.6 52 19.0 |26 38.3 24 35.3 18 [26.5 262 90.0 10 3.3 » 6.5

1/ South and North of: Poughkeepsiet
; g/' Period 1l: Includes: collectlons taken on one day Quring the interval June 21-22; .one day each durlng
o the intervals July 6=7 and July 19-20. Perilod 2: Includes col1ections taken on'-ne day each during
.. the intervals August 2-4 ‘and August 16-17. : '
3 I, M and F; immature, mature males and mature females respectively.
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‘Table 5. Size Composition.of Saltwater Killifish, Common Silverside and Goldfish, 1965.,~~-
A v : : Common . i -
L Saltwater Killifish - Silverside Goldfish
.Standard T : .
- Vi SOUTH | souTH NoRTH &/
13  m3/ r3 | .13 - m3 F 3/ 1 o2 ¥ 12
No. % No., % No., % |No. % No. % ©No. % |{No. % No. % |[No. % No. % ©No. %
- 10-14 L7 W2 = s = e i = e - - - - - - .2 |15 14,3 . 2 2.3+ < =
©15=19: | 17 2.7 = = - - 2 .8 - - - E 6 2.6 - = 46 43.8° <26 29.5 - -
20-24 | 69 11.0 - = - - |28 1l1.6 - - - - (1s ~ 6.9 - -~ | 30 28.6 17 19.3 15 - 9.3
25=-29 73 11.7 - - - - 58 . 24,0 . - - - - 16 6.9 8 2.7 9 .8.6 21 23.5 49 . 30.4
'30-34 | 56 9.0 6 1.0 = - 53 21.9 llgff4.5-'!6 - 2.5 |8 3.5 11 3.8 | 2 1.9 11, 12.5. 34  21.1
35-39 ['36 . 5.8 19 3.0 | -~ - |32 '13.2° 9 3.7 18 7.4 {15 7 6.5 12 4.1 1 1.0 7 8.0 18 "11.2
40-44 | 7 1.1 54 8.6 16 2.6 |3'2 1.2 2. . .8, 6 '2.5 |14 6.1 12 4.1 .| = = .1 71,718 -11.2
45-49 | -~ = ©53 8.5 40 6.4 | = o= = = 2 . .8 |17 7.4716 5.5 | = .= 1 1.1 15 9.3
50~54. | = - 26 4.2 35 5.6 | = = T2 .8 1. .4 {27 11.7 17 5.8 - - e el 7 44
55-59 | = - 16 2.6 33. 5.3 |.- - 1 .4 - . .= |71.30.8 14 4.8 - - - - 2 1.2
60-64 - - 9 1.4 24 - 3.8 | - - 1 <4 - "1 .4 |37 16.1 54 18.5 - - - - 2 1.2
65-69 - - .3 .5 10 1.6 | .- - =, - 2 .8 | 3., 1.3 78 26.7 - - - - 1 .6
70-74 - - 2 .3 .11 1.8} = - - - 2¢0 .87 - - 48 16.4 - - - - - -
S 75-79 | - - - - 2 3| - - - - - - - = 18 .6.2 - - - - - -
80-84 - - - - 1 2] - - - - -1 4| - - 2 .7 - - - - - -
85-89 - - - - 3 5] - - - - - - - - - - - - - - - -
90-94 - - - - 3 .5 - - - - - - - - i .3 - - - - - -
95-99 - - - - - - - - - - - - - - - - - - - - - -
100-104 | - - - - - - - - - - 1 4| - - 1 .3 - - 1 .11 - -
150-154| =~ - - - - - - - - - - - - - - - 1 1.0 - - - -
200-204 - - - - - - - - - - - - - - - - 1 1.0 - - - -
205-209 - - - - - - - - - - = - - - - - - - 1 1.1 - -
TOTAL {259 41.5 188 30.1 178 .28.6 (176 72.7 26 10.6 40 16.4 (230 99.8 292 99.9 | 105 100.2 88 99.5 161 99.9
1/ South and North of Poughkeepsie - S ' L oo
2/ Period 1l: Includes collections taken on one.day'during the interval June 21-22; one day each during
-© the intervals July 6-7 and July 19-20. _Period 2: Includes collections taken on one day each during
: the intervals August 2-4 and August 16-17. _ _ : .\ . 2.26
3/ I, M and F; immature, mature males and mature females, respectively. e '
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Table 6. Size Composition of Spottdil Shiner, Common Silverside and Johnny Darter, 1965

common .

'Spottail - Shiner Sunfish Johnny ‘Darter
tandard : ' '
. SOUTH L/ NORTH é/ All Stations SOUTH " NORTH
ength’ : : : .
? 1 ¥ 2 2/ 1 2 1 2 1. 2 2
mm. ) , S
No. % No. % | No. %  No. % | No. % No. % | No. % No. % |No. .% No. %
10-14 8 3.7 - - 17 9.1 - - 9 5.7 1 ..5| 4 2.6 - - 2 1.4 - -
15-19 {31 14.3 - - 9" 4.8 - - 29 18.3 53 28.5 | 33 2..2 - - 3 2.1 - -
20-24 65 30.0 - - 33 17.6 1 .5 |19y 12,0 41 22,0 | 31 19.9 - - 6 4.1 4 1.6
. 25-29 49 - 22.6 . 8 6.7 |41 21,9 10 5.4 z 42° 22.6 | 64 41.0 =~ - |53 36.3 120 4.0
30-34 - {247 11,1729 24.4-|45. 24,0 - 31 -16.7 - - 16 8.6 | 16" 10.3 3 10,0 |54 36.9 46 18.2
. 35-39 S5 2.3 49 41,2 9° 4.8 98 52.6 - - 13 7.0 1 .6 2 .0} 5 3.4 103 40.8
40-44 . | - - 23 19.3 | - -  40: 21.5 | - - 1 .5 - - 2 20.0 | - - 75 29.7
45-49. | 2 ,9. 4. 3.4 | - - 3. ..1.6 | =" - - - "2 1.3 ..3 30.0 |2 "1.4 12 124.8
50~54 4°.71:9. % - - - - 1. /5713 1.9 = = 5 3.2 = =] 6 4.1 - - -
55-59 10 4.6 = - - - - = "4 . 2.5 % 1. .5 - - - - |10 6.8 1 !
60-64 | 8 3.7 - = 1 5. = - 6. 3.8° =7 - | = - - -l 4r 2.7 = =
65-69 | 6 2.8 3% 2,5 |T7.v 3.7 . - -] 6. 3.8 1 .5 | - .= - - sl 0701 .4
70-74 7 | 20 .90 mien = 0117009,k X Sl a5 3020 = e e e - - - - - e
75-79 1. .5 L. .8 | 6 3.2 -1 .5 4:  2.,5,'4 . 2.2 - - - - - - - -
80-84 . | - = = 2 I I e B - |20 13 4 2,2 - - - - - - - -
85-89. | 1 . .5 = = f 1 . .5 = - 020 01,37 2 1.1 - - e - - - -
90-94 - == - - - - - 53,2 "2 ‘1.1 - - - - - - - -
95-99 - - - - - - - - | 6. 3.8 1 .5 .- - - - | - - - -
100-104 - - - - - - - - 13 8.2 - 1 S - - - - - - - -
105-109 - - - - - - - - 14789 = = - = - - - - - -
110-114 - - - - - - - - 15 9.5 . - - - - - - - - - -
/
e
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' . Table 6. "Cont'd. .~
o ' | common - S . .
. Spottall Shiner -Sunfish. : Johnny " Darter
_ 3tandard ; - : B .
B soura & NORTH &/ All Stations . souTH . NORTH'
Length m——— _ - )
S 1Y 2 2/ 1 2 1 2 1 2 1 2
{mm, ) _ - - . : - - -
‘ No. % No. % | No. %  No. % | No. % No. % |No. % No. % |No. % No. % .
115-119 | - - = - - - - - 6 3.8 3 1.6 |- = =~ ‘= | - - = -
.120-124 - - - - - - - - i - - - - - - - - - -
125-129 . | .= - - - - - - - 2 1.3 - - - - - - - - - -
130-134 | '~ - - - - = - - 4 " 2.5 - - - - - - - - - -
-135-139 - - - - - - - - "2 1.3 - - - - - - - - - -
140-144 | - - - —- - - o= - .16 - - - = - - - - - -
TOTAL 216 99.8 ..119 '100.0 187;.99.7.’5186' 99.8 | 158 100.0 186 9.9 156 100.1 - 10 100.0 146 99.9 252 99.9
: l/: South and North of Poughkeepsie ‘ :
=2/ Period 1: Includes collections. taken on one day during the interval June 21-22- one day each during
‘ the intervals July 6=7 and July 19-20.  -Period 2: Includes collections taken on one day each during
';_the intervals August 2-4 and August 16 l7.- : : :
i o _
T .
— [ 4 =
2-28 - .
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Table 7. Size Composition of Carp, Golden Shiner, Tidewater Silverside, o
o , Anchovy and Mullet, 1965 =
Golden Tidewater L :
Carp Shiner Silverside 'Anchovy Mullet -
Standard | 211 stations | All Stations - sours L/ SOUTH SOUTH
Length Whole Period Whole Period 2 2/ 2 2
(rom. ) No. % No. . % No. % No. % “No. - %
T 10=-14: 1 8.3 - - - - - - - -
v 15-19 1 8.3 - . - - - - - - -
20-24 - - - . - - - 54 - 54° - -
25-29 ©1- 8.3 1 5.3 1 5.6 44 ‘44 ° 9" 9.8
30-34 2 16.6 2 10.6 - - 2, 25t 15 16.4
35-39 2. 16.6 2. 10.6 - = = - 1419 20.7
L 40-44 . 4 33.2 L= L= - - - - 9. 9.8
e 4B G I ’_‘8:3““"’ - .33 - -_'.._.. - R - 1l 1.1
© 50-54 - - - - 3 -16.7 - - 5 ‘5.5
55-59 e - IS R 5.3 12 66.7 - - 14 15.3
| 60-64 - - - - 2 11.1 - - 12 13.1
65-69 - - S 5.3 - - - - .5 5.5
S 70-74 . - - L - - - - - 1. 1.1
T 75=79 0 |- = 2 10.6 - - - - . L
80-84 - | = - S L= - - - - 2 2.2
85-89 - - 2 10.6 - - - S - -
. 90-94" - - - S - - - - - - -
- 95-99 - - C - - - - - - - -
100-104 - - - 1 5.3 - - - - - 2=
105-109 - - 1 5.3 - - - - - ' -
o :
-/ .

2-29



Table 7. Cont'a.

Golden

. Tidewater

'TOTAL

12 99.6

100.

Standard - Carp Shiner Silverside Anchovy . Mullet
Length - | All Stations, | All Stations soura ¥/ ~ souTH souTH
' Whole Period | Whole Period 2 2/ 9 2
No. % | No. % . No. % No. % No. %
110-114 | - - 1 5.3 - - - - - -
130-134 | - - 2 10.6 - - - - - -
145-149 - - 1 5.3 - = - - - -
170-174 | - - 1 5.3 - - - - - -
19 7 ‘18 100.1 100 100.0 92 100.5

1/ South of Poughkeepsie'

' '2/1 Period 2:
. -and August l6 17.

:Includes coliéctions taken on

one day- each dﬁring thefihtérVéls‘August 2-4 -

2-30
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Table 8, Catch;/ by Species at Sampling Stations, 19653 Y a
. __SPECIES .
, 3/ . . : - o Blueback
Station White Perch Striped Bass Shad Alewife Herring
. Y _ : —
0+ C1+> T 0+ 1+ > T O+ 0+ 0+
IwW3 23 399 62 15 3 18 o 0 -0
II W'l 458 281 739 | 76 12 - 88 126 41 42
II W2 686 313 999 200 8 - 208 0 8 27
II W 2A 27 2 .29 19 5 . 24 59 5 32
III W 2 32 53 85 0 0 0 168 15 45
IWW 1 942 55 997 5 3 8 11 . 107 4
IVW2 71 132 203 19 .3 22 178 115 1071
IV W3 19 7 26 0 0 0 9 169 632
IV.W 4 48 166 214 0. 0 0 103 .. 125 .601
Average’ 256 116 - - 372 37 4- 41" 73 65 273
L SPECIES
o _ N . R ] . Saltwater
Station. Sborta - i . : o g -er
Satahg pottall Shiner Gold£fish Carp Golden Shiner Killifish
0+ 1+ > T 04+ O+ 0+ 0+ 1+ > s
. oI W3 40 0 . - .0 0. 0 0 662 . 257 919
ITW- L 221 ¢ 32 253 -0’ 4) 4 178, 277 455
IT W2 - . |3124 - 30 3154 0 0 0 1335 814 1149
IT W 2A 54 ) 54 248 -9 11 - 45 .45 90
III W2 . 16 . 59 .75 10 0 2 46 544 © 590
IV W 1. 40 . - . 143 . 183 648 8 24 0 0 0
IVW 2 299 | - 24 © 323 2 "1 0 0 0 0
IV W 3 72 0 72 59 - 6 .9 6 10 16
IV W4 149 63 212 0 . 0 15 5 ‘52 . 57
39 ..481 - 107 3= -7 142 222 364



AN

Cont'd.

RN

1/ catch per 100,000 square feet of shore area. .

2/ Average of catches taken from June 21—August 174 1965.-

- 3/ .See Figure 1 for locations.
'~ 4/ Age composition:

O+, young-of-the-year,

14>

, one year old and older;

T,

all ages combined.

Table 8.
o . SPECIES
Stationé/, Freshwater Killifish “Johnny Darter ™ . Common Sunfish. -
o+ ¥ 1S o T O+. . 1+> ST . O+ > T
IWS3 0 - 4 4 0 0 0 0 0 0
II W1l -0 158 158 15 .4 19 ) 4 -4
II W 2 225 447 672 1785 . 0 1785 .0 107 107
'II W 2A 1155 227" 1382 10 0 10 © 133 165 .. 298
CIIT W 2 129 1089 1218 86" 8 94 4 10, - 14
IV W 1 293 76 369 - 54 .15 " 69 24 25 49
IV W 2 12 0 - 12 . 13 - 18 - 31 0o - 4 . 4
IV W3 311 .16 327 895 12 907 316 9 7325
IV W4 59 25 . 84 44" 56 . 100 .0 1 1
Average 243 227 470 323 i3 336 - 53 - 36 - .89
, ‘ - S : SPECIES ' : L
Station- Common Silverside Tidewater Silverside Anchovy Mullet Eel All Species
o © O+ ) 0+ 0+ 0+ T T
IW3 2341 " 160 1442 © 292 18 - 5256
IT W L 693 4 , 0. 0 © 36 2666 "
ITI W2 -0 0 "0 0 30 8346
II W 2A 0 0 0 0 99 2300
III W 2 0 0. 0 0 6 2335
IVW 1 0 0 0 0’ 5 . 2482
IV W2 0 0. 0 0 9 11971
 IVWS3 -0 0 0 0 11 2568
IV W4 0 0 ) -0 41 1553 °
Average 337 18 160 32 .28 3281



Figure 1.

Locdtibn @fiSampling Sﬁation‘bn the

Hudson River, 1964 and 1965.

. 2-33
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Figure 3. Length ffequencies,bf-the:shad,'alewife
_"and blueback herring. All fish captured

. ‘were O+ (ybung—of—the—year)._'
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Figure 5.  Length frequency distributions of the 0+ age

group or immatures-and'the mature males and =

: females of the saltwater killifish. Also, =
‘ léngth frequency.disfributiohs>§f thé.hOrthern

4

" 'silverside and. the goldfish.
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Figure»G.”

Lenéth frequen01es of the spottall shlner,
fcommon sunfish and Johnny darter Spottall
Jshlners in the 0+ year class ranged from
‘_10 39mm 1n June July and from 25- 49mm in
;-August The 0* year- class in the common L
;nsunflsh was 10 24mm long ‘in June July and
1'10—44mm in August The Jonnny darter ;n‘kh

_the 0+'year claSS~§aried;in'lengtn~fr6m/k“‘*
f 10 39mm in June July and from 25- 54mm in

i'lAugust
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VVRelatiQe abundance of the O+ aﬁd'1+ and

~older age groups of the various species

. -of fishes, 1965.
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Figure 8. _ RelatiVe:abundahcé'of the white/peréh,
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" Figure 9. Relati%e_abundénoe of the saltwater
killifish, freshwater killifish,
" Johnny darter and common sunfish at

, o - o . o Trthé vafiousvcolleéting statibns, 1965;;
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Figuré.lo.

.. various collecting stations, 1965.

Relative abundance of .the SpottailfShiner,
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.{absorb chemlcal pollutants _ - "_ e ~

SEDIMENTARY AND GEOCHEMICAL STUDIES

Alistair W. McCrone
Charles T. Schafer
- Dennis- Weiss
" Robert Koch

I. ’Introduction

~A. Purpose and Area of-Study
vahis;study, based'on field work done in the Summer of 1965,
is an exten51on of work begun in the Summer of 1964 and reported in

our initial progress report . The ObJeCtlve was to document changes o

bv.1n river hydrography and sedlments in 1964 65 and to study the

'geochemlstry of the sedlments The knowledge sought was 1ntended

v

to yleld someé understandlng of the capa01+y of the sedlments to .
The Work was conflned to a 30—m11e sectlon of the Hudson -
Rlver ‘between Poughkeeps1e and Stony Pc1nt but most samples were
taken from ol gohallne (O 5 to 5 o/oo <) waters in a 12 mlle sector
between Wapplnoer Creek and West Point (see Flgures l 2 and

Appendlx A) .
'B. Methods of Study
'1. Field Procedures

Grab*samples and cores (up to 6 feet long) of bottom sedl—

V':ments, ‘and top and b0ttom water sample , ‘were’ obtalned by means of

the Marberlee‘IV a 28- foot 1nboard motor vessel malntalned by the

_New York Un1vers1ty Geolo gy Department -Th1s_motor launoh-ls

equipped with h01st1ng equlpment,'recording fathometerl,»salinometer—~_

. ‘ -
l1pjudworth Model ES-30 _%
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thermometer , = pH-Eh meter3, water sampler , etc. A few samples
I . .

1'weré obtained by SCUBA divers.

Nume:ous water ‘and mud sampleérwere tested iq.the f'_i_é:ld‘L
for pH (Téglé 2), and vertical.Sé;ipity and.témperatﬁre.pkofilés
were:taken at a.number'éf keyAstaﬁions (Apéendix B).

' 1;2.'Laéofétory Procedures
' Paéﬁicle s;ze‘analyses dn‘airedriedjahd.Qven-d¥iéaIf<:10$°éj

sediments were done by'étandard'sieving'and pipetté téchniqﬁes,‘after

_ultrasonic probe disaggrégation, Textural‘conStituentS were obf

served and déscribed undef binocularvand'petrographié microscopes.

\Gross'easily}oxidiZable organic»content‘df-selected dry samples was

determined by hydrogen peroXide leaching,and other techniqué%v(see

Table 3). Cation exchange capacities and other géQChemical para-

meters of the muds were determined on extracts using standard and

~atomic absofption spectrometry téchniques-décumentéd in Tables 3

to 8 and Appendix C, Attempts were made to determine the propor-

tions of common metallic cations that were held on organic com-

SN ) 1 - o SN
ponents of the sediments. 'Major ionic composition of selected

/ river water samples was determined using atomic absorption spec-

trometrys.(Table 1).
IndustrialiInstrumentS,:Model RS

3Beckman Model’G, with platinum, gléSé'énd caldmel electrodes

2

Foerst Sampler

“Perkin—Elmér, No. 303 Atomic Absorption Spectrophotometer

3.4
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-Il. Hydrography of the Hudson Rlver

-

The- Summer of 1965 was one of acute drought in the Hudson River

;dralnage"basin. The resultant.low rlyer discharges~were.dramatically‘
_reeorded atithe Green IslandvGauglngrStatlon‘nearaTroy? New York,
iwhere_minimum daily mean flowsbln the order’of only‘lGCOdcfsfwere
.,recorded ﬂU.q. Public'Healtthervice, l965,»p._7)I,APreyiouslesti—

‘mates of extreme minimum weekly mean discharge rates, which might

be'expeeted dnly once in a decade, were ‘in the’order of 3000 cfs,
Average annual discharge of fresh water opposite Manhattan Island

..

has been estimated at nearly 22,000 cfs from the total drainage basin _

of sOme 13,400 square miles,J The'extraordinarily low discharge in

| August 1965” allowed saltwater to 1nt1ude up the rlver bottom nearly

to Poughkeepsle, whereas, in August 1964 the boundary at depth

between fresn“and brackish water fell roughly mldway betweenvNewburghn

" and Poughkeepsie (see Figure 3);'-HoweVer; because freshwater over-

rides these'saltwater "wedges",'the surface»limituof saltwater in- -
| : A . R - L .
trusion was comparatively closer to Newburgh. In years of normal

dlscharge the August boundary between fresh and saltwater (1 e. the

71nland_estuar1ne llmltlaa deflned bv the 0.5 parts per thousand
'salinity eontour) is usually'south of Newburgh-and closer to-West.

E Point._'Onlywduring unusually high tides does saltwater reachgup~

stream beyond the above mentioned‘approkimate'limits.

| . ‘ : ' ’ . ‘ :" .‘ .
The gradient of the Hudson River is remarkably low. In 150 miles

southward from Troy it drops only 5 feet. Nevertheless, during ebb .

. >3-»5-.
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< of them can become relatively more brackish due to evaporation,

tiges river currents range between 1.1 and 2.3 knots. During £lood
tide upstream icurrents are known to range between 0.8 and 1.7 knots.

élack waters and maximum flood currents occur 4 hours later at

-Albany tﬁén\at Bear Mountain, nearly 100 miles to the south.

Waters inimarshes adjoining the Hudsoﬁ'estuary arevusually fresher

~ than in the river proper, but during low disbharges in dry years parts

43.Ithuly and Auguétlofyi964 and 1965>ver£ical tﬁermél mixing in  ”
the gétuary1was found_;g belté@arkablyvthoréﬁgh.'”Alllve;tiéai temf“
pefaﬁureprofiles‘shéwedvtembe?étﬁré differencéé'in the oraeraof only
loc Eetween tob and’bbtfom:wateré5-déépité‘the_indistinét séiiﬁity

stratification wherein fresher water overrode slightly moféfbgackish

waters (see: 1965 Salinity andfTémperatuie profiles in Apﬁendix_ﬁ).

Vertical salinity and temperature gradients‘are'leaSt at WeSty?dinf

. P C ' : T J
- where  the Hudson narrows and bends sharply, causing much turbulence

and mixing.
Appréximatﬁ chemical composition of Hudson River waters at various

stations is given in Table 1. pH values at selected stations are

recorded in Table 2. In'July'196S;*as diécharge diminished, average

. water pH's were in the order of 6.5 but in June pH's were closer to

neutrality. Eh readings of selected water samples showed mild oxIi-

‘dizing COnditibns, a circumstaﬁce confirmed by the dissolved'oxygen'

readings recorded in AugustIIQ%S'by;the‘U.S.“QubliC'Health Service

A

(vse‘e bibl.‘iography "RepOrtn.) .



I11. Bottom Sediments

A. General thhology

Most muds taken in the main river channel were malnly

_medium,gray,'very;sticky clayey silts,*usually topped by up to an

.inch of'darkvhrewnish—gray'"soupy" mudsvof-slmllar.granulometric;
.conposition. Hlstograms from selected’samples are reCorded'ln”
_Flgure 4 (See also Appendlx D) Drled muds were llght gray and
fr1ab1e but dlfflcult to break due to the blndlng effects of the

t;abundant organlc and m1nera1 clay and 511t partlcles . Most samples

showed about 15% shrlnkage on drylng ' Sedlments taken from the

middle of the rlver—margln shelves closely recembled those from.
the ad301n1ng main channel._ Similar con81stency was;also encountered'

vertically in 4-foot cores except at Staticni37c where the clayey

silts were drier and much more highly compacted (almost shale-1like)

than all other cores obtained in this study.-: o Ly
- ' : S A
- Humic matter plus fragments of leaves, twigs worm and insect

K
‘remains (i.e. easlly oxidizable organlc matter) in most bottom sur—

¢

only slightly less downward-in‘cores (Tables 7-and 8). It has been‘

face samples averaged between 5 and 6.percent-(Tables 3 4 5,6 ) and

:establlshed (Elsenbud et al 1965; McCrone, 1966) that the predomlnant

‘clay’ mlnerals 1n the typlcal clayey 51lt are chlorlte and well-—~

crystalllzed 1111te in . the approx1mate ratlo of 2 to 3. Of the
clay— sized mineral fraction of these sedlments these ‘minerals -

comprlse up to 75 percent and quartz up to another 15 percent.

A great variety , o 1 o S

N
AN
o0
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of minerals, including traces of montmorillonite,and some mixed layer
claYs'(montmorillonite—illite-chlorite)‘make up the remainder.

. . " In tl;é":;ﬁlé_gaécopic fractions of samples .vf'rom mos't‘éfaﬁion»'s“,'
‘q;artz is gommSnly the domihanﬁv(i;GS%)lminérai fdliowed»by muscévite,

. sesquioxidds aﬁd clayS'(<le%), and small qﬁéntiﬁies Qf.aﬁgreat
- vafiéty of éﬁhg? miﬁéfaléyihciﬁaipg albite;'amphiboies,_caicite,: 

’

epidote; garneﬁ;ﬁilmenité,_magnetite, pyrolusite, -pyroxenes, tourmaline

.. and. sphene. I T U O -
<jﬁ-‘ I Theseﬁmineralé_are'der;Veq'fromAthe glaéial'dfift that mantles -
. the .entire Hudson R_J'.veif_'drai'riage_ basin., By its very nature the glacial

drift can be:eﬁpected to contain ;ockffragments and‘minerals originally

areas

-~

*'from §l; varie£iegtof;bedrock.within-the ﬁudsoﬁ Bésiﬁ ahdifrom_

aélfar'aw%y ésionﬁério:tQﬁeﬁécg‘éﬁd ﬁértherﬁ Vérmoﬁt; TtacesA¢£_r¢d
. | and g.r:é.y' shale and’ sil{;stone; énd i‘r__on-_sjtaine.d quartz 'grai;v{.s simi_l;arA
lﬁo ﬁatefials‘inkthe»éééékfll hountains;a%e'ébmmén iﬁ;theifiVer‘;eﬁi—
'; - mentég"%he saméleé sﬁﬁdied shpwed»no~§igﬁificéﬁt‘doWnstgéaﬁ_différenées_

‘O ,'.qiri' 'mi.ne:'c,a"logy ti;x;at- 'cAould'A'bé_ _éorfélatéd Aw.if.,th s.al,iir.lityl or ;:>£her..-gec.>:v1_ogic‘al
5;arameter$.r“L?kewise,unoféignifiééht di%ﬁereﬁces in:nétuéél‘minérélf;,

- i

‘composition between top and bottom of the 4-foot cores was.dete@tedL

Pl
K4

;.:iNéle;cpllected'wet.samplésléivéthe illpéioh of being_léfgély'
 ﬁade:of‘clay. 'ébnseqqently:tbe dichvefy inzﬁhe 1aborator§ thatisiit
,comhonly cdnstiﬁutes mpre"thanlsojpercent<énd élaY‘bétWeen 20 and°45
percen£ sizeab}é quantitiéS“pf sﬁcﬂ>manmade debris'dOWﬁ to;deptﬁs of

‘"a foot or more, thereby giVing'a-rOughlidea of how much natgral.sédiment



A

of this cepacitf.

and garbage has accumulated.in the river during tbe'past century.or

less.
. | : ' .

ATables§3 to 8 show that, along with their textural and miner-

alogical similarities, channel muds (very clayey silts) Samples are

. quite similar in their nitrogen and easily-oxidizable organic matter

content, ‘and cﬁrbon—nitrogen“ratios,'regardless of the salinity of
. i . i

their surroundings. Properties of séndy-shore sedimente are mucn
“more variable. Caﬁion exchange capac1t1es seemed to be only sllghtly

lower in fresher water muds than 1n the bracklsh muds, probably

i

because the freshwater muds were sllghtly sandler._ Catlon-exchange

Acapacities were in the order of 30 to 40 mllllequlvalents per lOO

grams in. . the common channel Sth‘samples; and the clay-size organic

matter, rather than minerals; aécounted‘for the largest proportion
It is SQrprising that in the.presenCe of so much salty Water B

.coming in from the sea, and with such sizeable exchange capacities,

) i ‘ o o o ) o
p the brackish wadter muds are so highly unsaturated (av._ ApPProxX. 76,0,

.-

Ty

iTable 3-6) or so lowjin_cOntent of bases such as Ca and Na.  The

" dearth of exchangeable_sedium in spﬁe samples is especially temarkable-

in view of the{great'amounﬁs of tnatkeleﬁent:that are‘brought inbfrom_
the sea with every flood tide. The cation exchange sites in the clay
and organic'colloids'ef the mudsaaieApresumably occupied mainly‘by‘

hydrogen,-together with small'quantities'of other cations and.trace

elements,



o

The organic and nitrogen content, -and the carbon/nitrogen

‘ratios of the silt sediments are slightly higher than in many -

terpestrial soi1s((Lybn, Buckman and Brady, '1950, p..i7l), pos=-

éibly because of the low oxidizing tendencies prevalent in the

.

muds.

Although most coarse cinders, brick, coal, etc. are con-— .
| . .
fined to the uppermost few inchés of sediments, traces of such
o . Lo : S L .

-~ manmade debris| (fine sand size) are present through the cores. It

is believed thét aquat;c.WOrms.are_responsible for transporting
L o L | . S '
these materialé downward as they collectively overturn vast quanti-
i - S R -
ties of sediment in the course of their feeding activities.

>

i ~
‘ ] R ,
B. Bulk C?emical‘Properties of Bottom Surface Grab Samples

-

S - . X _ L -
In theiSummer of 1965, reducing conditions prevailed in the

bulk of the typical clayey silts,'although mild oxidizing conditions
were -present at the depositional interface. pH's were commonly in
the ;ahge of 6,3 to 6.8 (Table 2) although seve:al»readiﬁgs'as'ldw

¢

- as 6 were reco%ded.‘

TableSE4; 5 and 6 show-the;various chemical‘p;opertiéS’of  
the grab éamélés Studiéd iﬁ:}965._ In the common clayey_éhannel'silts':
‘the folioWiﬁg geﬁéral pfoberties wéiéhoted (sandier;‘néafsﬁoféfii
;ediments-Werévunsyéte@étiéally lqwjinuail paraﬁeteréffécofdéd7,3 

L]

Organic matter - average = approximately SQS%
Total NitFogen :. : ayerégé' o om . 0.2%

|
“
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Tables 5, 6 aﬁd 10). However, other ions such as

JCarbon—N%trogen ratios - » Average Approximately 13

_‘Cation exchange capacity‘ ' "o Approx. 35 me/100 gms.
_%'Cation;eXchange_capacity S  Approximately 72% |
accounted for by organic o o i, e -

‘matter .

" Exchangeable Cations

o Average - , .30.4_me/100 gms .,

a S s

ﬁﬁg  ) |  ~1;-:‘_  i:-; "-3.6 AL
s Mo o . : 1.2

.'it Shéuld be remarked that éctual exchangeable hydfogen, and

"unsaturation" values; must be somewhat lower than the recorded walues

“because manganese and ferrous iron are present (as- documented in

'

Cu and Ni;(Tabié

10), which are so scarce in the river water (Table 1), are believed .

. to affect theérecordéd exchange values in thevmuds“sb slightly asf

" to be more or less negligible in these studies.

Chemi¢al propertieé recorded veftically downward thraugh the
! _ L ’ : : .

.four-~foot cores, as documentedfih Tables 7 and 8, are“discusSed in -

. )
the'text-sect%on.

o

Several of the observed bulk’chemical observatiohé call for

- comment. Foriexample, it is remarkable that so little exchangeable

 3-13
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sodium is present in the brackish water'mud'samples to which a
ConStantFSupply of marine sodium was'available (see Table 1).
Indeed, Na,was_amongstfthe least abundant.of the‘cations‘con—

sidered in thls.study.(Tables,3—8). Hydrogen probably occuples

\

most of the exchange sites (implicit ln the "unsaturatlon" column
'"vof Tables 3‘to 6). 'Such high hydrogen levels in eXchange sites,
. located largely ‘on the organic clay fraction of the sediments

/ prevent the adSOrption.of notable amounts of sadium and other

P >

Cations. The exact mechanlsm (probably bacterlal) of hydrogen
: l

“ion generatlon in the strongly anaeroblc (reduc1ng) muds 1s not

"known, but some of lt must be adsorbed on the humlc clays before

-

it is consumed by other kinds of bacteria such as»the sulfate,
nitrate, and nitrite reducers. Certainly the 25°C water temper—

‘atures, the pH and Eh, and the mineral and‘organic nutrients

'acqulred by the bottom muds, are all favorable to hvdrogen—

produc1ng bacterla (ZoBell 1947)

~ Another noteworthy observation is the'substantial concen-

"t tration (small in terms of total cation“content;ehowever) of

exchangeable manganese (Tables 5 and 6) in the sediments, as

compared with its paucity in theyWater6 (Table 1l). Very little |

s ' o : I . . A L :
of the manganese in ordinary aerated soils is present in exchange-

able and easilyereducible@forms;:-HOWever, under reducing conditions

6 | '
Exchangeable managnese is also qulte scarce in most ordinary
.solls : -



© (1965). B s ‘Z 'f: | RN

]
s

- such as those that exist in the Hudson River muds, manganese-in

sediments Wasﬁéd in from soils of the drainége pasin is apparently

i

converted to Ehe exchangeable form._,ThuS it assumes an important

role in the exchangeable cation status of the muds, as documented‘

-in Tables 5 and 6. In view of these geochemicai attributes of’
| . .

manganese, and low permeabiiity‘othhe muds, it is likely that’

‘the bulk of the exchangeable'mahganése is derived from minefals

i

“ in the sediments with only trivial céntributions from the river’

water itself.
' These observations document the existence of a sedimentary

reservoir of @anganéSe which_dOuld'supply the high amounts of

manganese that were reported in:the'aéuatic Chara-by Eisenbud et al,

‘Monovalent sodium, and to a lesser extent; potassium, (with
théir low ionic¢ charges), and high hydration are easily displaced . '

from the weakly acidic (Table 2) éiéyey silts. This accounts for

the low values of accumulated exchangeable Na and K that do exist

miin the muds, in the presence of comparatively large amounts of

exchangeable'divalent'Ca and Mg (Tableé 3-8).
* The daka in Table 9 indicate that substantial amounts (> 10%)

_ 4 | N | | ) |
of the Mgtt, Ca++, Nat and K in the sediments are positionally

‘rendered non-exchangeable by organic1coatings,sespecially-aftexﬂff'

: ' | , o o -
drying (because organic films do not re-wet as thoroughly as their

original degree of wetness). The removal of such coatings by ignition

.! | . -‘. |
i ‘ . 3"‘15 .
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|
|

releases these "organic bound" ions. This is in marked contrast

with ordinary soils, Whereipfmost of‘the'Ca and Mg are not organic

- bound. Table 9 also suggests that some of -the iron in-the sedi-

- ments may be chelated with-organic matter, because, after removal;

-

~of_the-orgahic matter. from thg samples by ignition, less iron was

Obfainable from them than before ignition;_.That is, the free iron

which was oxidized (Fe203) during'ignition'did not abpear to be

as solﬁble_ihfthé.leaéhate as was the other (presumably chelatéd)
iron. Alternatively, similar relationships might have resulted if
some'of the iron were merely converted to more"refractorytform at

the high ignition temperaturesQ

-

Appreciable amounts of. the iron in the muds was in the -

be expected in the reducing microenviron:-

fe;fous.state, as might
mepts thereig.2 Tﬁié.was obvious iﬁ'the‘laboratory'Qhen‘lééchates
from the muds devéloped rusty precipi;ates Qn étahdipg exé@sédﬁto.
air, Tﬁis'iron alsq muét have céﬁﬁiibﬁted’tbbthe "unsafﬁrationf'

mentiéned earl?er )
Tabieé§3m8 shbﬁran uﬁsystematic but expéctable difeét
correlatioﬁ beﬁween drgaﬁic éontépﬁ'énd qéﬁion exchange capaéity. '
offfhé sedimen£S° | |
J It is clear from Tabies 4, 5 and 6 thét easily;§xidizabié
organic_matfer:commonly accéUnts fo; 651to 86-§éfcéﬂ£ of the’éatibn'
exchange capaci#y of tﬁe clayeyfsiitsf ‘Together with the unsatura-
tion data this.squeSts tﬁat_fhe rive# 5§ttom”mﬁas are capaglé of

| ) ‘.

< I



absorbing treﬁendous quantities of chemical pollutants, including

'tadionuclides; As could be expected,.sandy nearshore sediments

: : S ‘0 ' '
have very low;cation exchange capacities, and are therefore of

minox signifiéance as potential reservoirs for chemical pollutants. -

jConversely, the: sands are good  reservoirs for oil-slicks7'which

arift to the shore and make their way into the open interstices,.

~but which tend to be forced out of olayey sediments by'compaction,

osmotic and capillary pressures. . A o,
C. Bulk Chemical Properties of the Cores :
VThe'chemical properties, as well as tekture and mineralogy,

of the ehannel silt cores'chahge very little with_depths (Tabies 7

~and 8).- Only the few topmost sedlments (e g. core XII) that contain

~

'substantlal amounts of c1nders (etc ) d:ffer notlceably in bulk

chemical properties from those below. {That is,vthe coarse top«

A_ most sediments yield lower'values of all parameters measured thar.

do the normal uniform clayey silts.) The aforementioned{mixing

by worms, and@general,constancy of depositional conditions, must

_iaccouht for much of thevenCountered:sedimentary and geochemical

uniformity.

V-

Irrespon31blllty on the part of boat and ship operators,accounts
for many oil- stalned sands along the banhs of the Hudson.,
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The Hudson Rlver estuarlne muds conta:n 1nsufflclent Na+ ,Ca

. CONCLUS IONS

Most Hudson River estuarine channel muds are clayey siltS»that
» . .

contain ﬁetween.s énd,6 percent of humic and other easily-

~. !

indizabietorganid-matter. ‘Quartz is most common, but a«greatf,u

L S S : _ A : : -
variety‘cf finely fragmented minerals also are present in these.

- silts. Chlorlte and 1lllte are the dominant clay mlnerals.

++

K, and Tg++.(and other minor ions) to drive out H+, which,
décupies;mo:e than 2/3 of the cation exchange sites. In the

f presence of salty estuarine water south of Newburgh the de-

ficiency' of sodium in the muds is sspecially striking.

LN

Cation'ekchange sites are located largely on the easily~oxidiz§.

i

able organic fraction of the muds, which accounts for about

- 3/4 of the total catibnvexchange capacity.

Organic &nd nitrogen content, and carbon/nitrogen ratios of

drled muou, are slightly'higher thah in most subaerial soils,

Subatantlal amounts of the Ca++i Mg

and Naf and K+ in the
sedimenté are "organic bound" in<;ontrast With ordinary soils

wherein ﬁost of the Ca and Mg are not organic‘bouhd;

Exchangeable manganese, scarce in the river waters, comprised

‘a comparatively large proportion of the ethangeable-catioﬁs'

in the muds. Remarkably. more manganese than sodium was
2 Ys Hallg .. N

present [in the muds, despite the large amounts of sodium



supplied daily to the estuary bY-tidal inflow. The exchagge-

'able manganeée'levels in the muds are substéntially higﬂer

than in ordinary subaerial soils,

In génerél_the river bottom muds appear to be capable-of ab-

-Sorbing'tremendoUs.quantitieS'of chemical pollutants. More

- research is needed to determine the ionic concentrations in -

river water and other geologic mechanisms required to.effect

4

- fixation of pollutant ions in the muds_(i;e° to effect dis-

’plécement'and replacement of the hydrogen and other_ibnsfthét

presently_occupy the exchange.sites).

-



‘1  Rf ;";' ur'af77;;f_ “Table 1
Ry COMPOSITION OF WATER SAMPLES (ppm)

(July-August 1965)

T - Conductivity ~ . e S T o
¢ » Station (mohs) x10~ Ca. Mg K Na Si Cl Fe =~ Al '.' Cu ‘N1 Mn Zn-

7~ 900 176 17.3 8.8 200 1.5 270 -0.12 0.00 0.017.0.039 0.012 0.014

18 820 17.6 14.0 7.0 145 . 1.0 240 0.28 0.04 0.017 0.039 0,008 0.014

234 . 285 . 13.0 3.8 1.4 13,5 0.05 30 0.08 0.01 0.012 0.012 0.002 0.006 -

30 . . 6250  .38.0 200 52 1400 2.0 2250 0.13 0.00 0.078 0.044 0.40  0.310

Y224 235 13,0 3.8 1.4 14.0 0.05 37.8 0.10° 0.00 0.016 0.011 0.002 0.006

208 220 13,0 4.5 1.6 15.5 0.05°'45  0.14 0.02 0.013 0.015 0.003 0.007

3L 235 15,4 4.8 1.0 7.3 0.05 22.5 0.01° 0.05 0.012 0.015 0.001 0.004

3¢ 475 18.0 7.0 2.0 25.0 1.5 90  0.10 0.50 0.020 0.022 0.006 0.100

204 . 240 . 13.4 4.5 1.6 15.5 0.05 37.8 0.17 0.05 0.014°0.015 0.003 0.012

33 3500  19.8 71.2 20.0 520 1.5 1050 0.08 0.55 0.040 0,018 0.038 0.220

Y 31A 240 15.4 4.8 1.0 7.3 0.05.22.8 0.07 0.16. 0,015 0,015 0.006 0.013

26A 280 13.4 3.8 2.4 42.5 0.75 120 0.04 0,02 .617_0 017 0.002 0.027

2
254 210 ' 13.4 3.6 2.6 18.8 0.75 60 0.03 0.30 0.25 0.016 0.001 0.016

© © 0 © © © 6 o © o o o ‘o o

o

.086 0.024 0.044 0.260

.© © © © 0o o © © o o © o o

32 3200 1.8 71.2 20 E20. 1.5 1500 0.07 0.35



"Table 2

 pH OF WATER AND MUD

SAMPLES TAKEN IN SUMMER.OF 1965

Mud
-pH

Water
pH

Station

-

O Y

/.
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~ Table 3

~ Lithology . Tdétal®*  Organic . C.E.C.*** . Exchangeable Cations
-~ Station Dried Mud . ‘Nitrogen @ Matter** . (me/100gm) Unsat'n H* Ca2. Mg X Na
' k (%) 5 (%) h - - — me/100 gm.

. 2B-64 tan silt 0.218 -~ 5.85 | 28.4 ~70.0 .20
- 3-64 grey silt 0.202 ~ 4.57 2.0 16.5 47.0 8.
. 4A~64— : grey silt-- . 0,218 - = -5.44--- 37,5~ .. °82.0-- .30
5A-64 grey silt 0,198 - 6,05 - - 28,4 - 78. C 22
" 6-64 grey, sandy -~ 0,175 -+ 5,00 4.0 26. : 68,
o silt =~ o S
8-64 grey, clayey. 0.202 — 4,97 2.0 34.
: silt - B ' =

W W o H 0 N W O OHHOM

AN R

N HohhN

81

10-64: grey, clayey  0.211 . 4.90 5.0 :39. 68,

silt:

. "

LM ©® O O B N O ©® ® W N O VuRhO

11-64  grey, clayey -  0.221 . ~ 5.20 3.0 36.5 8.

6

8

7

5 28.8

.12é~64*ﬁ gréy,»clayey '0.255.:.  A 6.55f ;". 39.6 '5. ?s 78.
- , o S . o _

8

7

0

N ®w O o N
N
[va;
n

31.1

L

M O M O W W o M

T . silt S S e
. 14A-64 grey, clayey °~ 0.239 =~ 5,70 = .40,

et I T O P
15B-64. = grey, clayey 0.246 . 7.8 ~  35.
. , T il T e
16-64 grey, clayey - 0,159 . 3.90 4.0 34,

W o o © o ooocoo .

80,5 32.4.

.
.
.

N b 2 N 0 N N W

64.3 2370

. 73,2 7 25.4
: : Cosilt _ T N _ a S .
- 18A-64 - grey, clayey =~ 0.171 - 4.20. 39,
o ’ _ silt P T S
. 19-64 grey, sandy, 0.159 .~ 3.,98. . 335 - . 77.8° . 26.1
' ~ clayey silt _ R SO e ' o :
20-64  grey, clayey .0.,146 - . 4,50 = . 31.6
' . o - osilt ’ ' - : ' B e .

22A-64 - 1t.brown sand 0.118 2. 26 - 3.0 -~ . 0,0 0.0

(shore ) & shell frag. ' o o L h
. 14B-64 .. organic grey : 0.202 - 11 50 .. 26,5 -+ 54,9 - " 14,5

(shore) - = . sitt .~ - SR o

25-64 . 1lt.brown sand 0.087 1.221 .- 30 10,0 . O 3
(shore) . L U ‘ :
= Kjeldahl meghcd - — ' ~ —  C.E.C.
= modified Schollenberger method C X
= hyorocen perox1de method. : T e oven dried material
’ : HeAdk ‘wet samvles

All samples are channel samples except where designated otherw1se ' ’

"Far details on analvtical techniques consult M.L. Jackson:Soil Chemlcal Ana1y51s (Prentlce Hall,

7206 . 28.2

© W N M

o
o W o.M

o

WO AW NN W N A O NOHMN

89 =

61.3 - 19.4

o
©

© A N O B W N W H WA N ANTO®
L
©

© © 0 o © © © o ‘0o O o o o -ocococoo

1.0

o
)

catlon exchange capacity,
by difference (C.E.C.-sum (Ca+M0+K+Na))

fﬂ'nllv
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, L N
R ot -  Table4 - -
. HUDSON RIVER BOTTOM MUDS
. . 2 . - - " ~ati
Sample Descrlptlon » '"I‘olt?..l_ Orgamc_z_ N ‘ 1 C.E. C.4 E3xchangeable Cations
Number Dried Mud = N "Matter C/N. C.E.C. minus O. M., Unsat'n H Ca Mg K Na
| o | me/100 | T
- e % % gms.. . me. . % .. -] me/100 gms .| .-
1-65 . Grey(ﬂayey'sﬂt' 0.202 5.17 . 14.0 44,07 10.6 ~ 76.3 33.614.9 ¢y 4.9 | 0.4 |0.2
2-65 Grey clayey silt  0.214  5.55 14,2 30.9 9.8 ©69.2  |21.4|5.41] 4.1 [0.3]0.1
3-65 . Greyclayeysilt. 0,210 5.50 14,4 . 33.5 12,0 755 |25.3(4.3| 3.5 (0.3 0.1
4-65 Grey clayey silt 0,242  5.80 13,1 50.9 8.4 82,1 }142.8|4.6| 3.2 | 0.2 |0.1
5-65 . Grey,sandy grawl 0,034 120 . 19.4 3.7 . 2.3 82,6 | 1.9 |0.47 0.0.{0.0 [0.0
—awm-. Some shell & coal’ s : } ' o : ‘ ' ’ ' '
' fra.gments _ , _ S . :
6-65 .Grey,sandy gmwel, 0.055. 117 - 1.5° 3.8 31 - gn2 |2.7]0.4]0.0/0.00.0
' some shell & coal ' : : o ‘
o » »fragments ' o ‘ LT : .
7-65 | Grey silty clay 0,261 6.16 S 12.9 - 49.8 1204 847 |42.2(5.7 L5 | 0.3]0.1
8-65 - Greysiltyclay  0.177 4,93 153  37.2 1.8  79.0 |29.4[4.7 | 2.8 0.2 |0.1
9-65" . Grey silty clay 0.193 4,80 © 1306 36.8 | 8.4 75.3 27.7 3.2 {.0.2 0.2
10-65 Grey silty clay 0.3  7.23  12.7  37.5 1.3 7.2 [26.7(5.8| 3.6 | 0.3 0.1
11-65 * Grey silty clay =" 0,267 -5,/95 - 12,2 -~ 35,7 10.2 - 745 [26.5]5.0| 3.6 | 0.20.4

1- M‘oist samples, calculated to oven dry basis.

2 - Oven-dried material. ‘Walkley - Black Method. _ :

3 - By difference (Cation Exchange Capac1ty - (Ca + Mg + K+ Na) : :

4 - Of residue, from 100 grams oven dried material, after remova.l of orgamc matter using HZO

14
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i ila.ble‘ 5
: otal® | ¢.E.C.% Exchangeable Catics | N 2
Sample: Description Total Organicz » : R minus ' xc_‘ ngeable Laflons Extracta.bles‘ : Excha’ngeé.blé '
‘Number Dried Mud N, Matter - C/N C.E.C.: O.M. :Unst'n H3- Ca Mg X Na Fe__..__._ . . Mn 5
- I R ‘f;: e -w‘-’/_a'_‘—— o l._.:._:'llgg ! o . o . 7 .
gms me % me/100 gms me/100 gms
1265 Grey silt 0.171 3.70 11.8 | 24.7 8.9 . 57.4 {14.2 [3,9 |2.4 0.4 | 2.4 1.0 ' L3
13-65 Grey silt 0.236 | 7.34 17,0. | 34.0 10. 4 40.6 (13.8 [9.1 5.9 |0.6 | 3.7 0.3 . 1.7
14-65 Grey silt 0.250 | 5.70 12,5 1 34.0 10.9 49.1 116.7 {6.4 |5.0 0.6 | 5.3 0.6 1.0
- 15-65 Grey silt’ 0.217 5.30 13,4 25.8. 10,0 42,6 [12.0 [6.2 [4.1 |0.5 | 3.0 0.4 1.2

16-65 Grey silt 0. 251 5. 82 12,7 | 25.8 17.5 - 44.1 [12.4 7.5 |3.5 [0.3 |2.1 0.3 1.6
17-65 Grey silt 0.251 | 6.10 13.5 | 3.8 1.3 64.7 |20.6(6.4 2.7 |0.3 2.,0' 0.4 1.9
18-65 | Grey silt [0.274 | 6.14 | 12.3 |32.5 1.1 54,4 [17.7 [8.8 [3.9 |0.4 | L7 1.0 2.8
T- Moist samples, calculated to oven dried basis.

- Oven-dried material. : _ '

- By difference (C.E.C. - sumof (Ca + Mg + K + Na).

- Of residue, after removal of organic matter by use of HZOZ.

,’. Cénf‘ent_ir‘x NH4AC extract (’soluble plus éxh;ﬁhangeable); :

‘ 3.24
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Table 6 SR . _ S
Sample Description Total Organic ' c.e.c.t o 3 Exchangeable Cations? I o
. Number Dried Mud "N Matter C/N C.E.C.” minus O.M. Unsat'n H Ca Mg K  Na Mn
% | o o || mgl00 | g o gy ' me/100 gms . T
26B Grey silt 0.214 | 5.15 13.2 | 41.0 8.0 84,8 34,8 | 4.9 0.9 0.2 0.2 L5
26C Grey silt 0.264 5.94 12,3 63.0 10.1 90.3 56.9 | 5.2 0.5 | 0.2 0.2 1.2
27A Grey silt 0.280 | 5.86 1.5 | 6L0 10.1 90. 0 54.8 | 5.6 | 0.1 | 0.3 | 0.2 L2
27B Grey‘sil’c 0.252 5.90 12, 8 44,6 8.2 91.0 40,6 | 2.5 1.1 0.2 © 0.2 0.8
- 27C Grey silt 0.187 4.50 '13.'2 42.2 6.4 88.1 37.2 {3.9 0.8 | 0.1 0.2 0.6
27D Grey silt 0.249 | 5.75 12.6 | 40.2 8.8 86.3 - |. 34,7 |50 [ 0.1 |o0.2 | 0.2 0.9
28A " Grey silt | 0.239 | 5,34 | 1.9 |a4L2 8.5 87.1 35,9 |48 |01 |02 | o2 0.7
- 28B° Some large 10,205 | 5.22 14.0 | 44.4 - 8.5 89.9 39.8' 3.9 | 0.3 |02 | 0.2 0.8
stones. Cearned ' » S ' ' '
‘sample-grey
) clayey silt. . o » - _ ,
28C Grey silt-coal | 0.274 | 6,44 12,9 | 47.1 10.0° 85.9 40.4 | 5.7 .| 0.6 | 0.2 | 0.2 1.4
: : fragments, : ' ‘ L
1- M01st samples, calculated to oven dned basls., ‘
2 = Oven-dried material.. ‘
3 - By difference ‘ - '
4,= Of residue, after removal of O.M. by use of HZO2
5 = Not included in determination of exchange H. ‘
/-
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Ny : % Table?

HUDSON RIVER CORE SAMPLES - 1965

. - o ' 2 - C.E.C. cL Exchangeable Cations

Core : T ‘ ' Total Organic " - minus o 3. e T :

Number Depth Description N Matter C/N - C.E.C. O. M. Unsat'n =~ H Ca Mg X Na * Mr?
Irches | - ' : me /100 o B ST I l
. ] ,% _ % gm © me % ' - me/100 gms.
xm? 0-6  |Reddish Grey Sit |0.265 | 5.24 10. 8 22,6 13.7 41,1 9.3 | 7.9 | 44 | 0.5 |0.5/0.5
Sta. 41-65 6-18 |[Grey Silt - 0.205 | 3.60 9.7 18.7 13.7 | 10.7 2.0 | 6.3 [*3.7 | 0.4 |0.3]L0"

18-30 |Grey Silt 0.205 | 3.55 9.4 | 23.2 1.3 51,7 12,0 | 4.6 | 47 | 0.8 |L1|L1
30-44 1/2 |Grey Silt |o.187 | 3.40 | 10.0 22,4 9.7 54, 4 12,2 | 3.8 | 4.2 | 0.9.]1.8]0.6
XVI "7, 0-6  |Grey Sandy Silt 0.078 | 0.94 | 3.0 | 5.4 4.2 55. 5 3.0 .3 | 0.7 | L2 [0.2]0.2

Sta. 51-65 o N : . ' : ‘
1 6-18  |Grey Silt {0,137 | 2.78 - | m.1 16.7 | 7.1 58.6 | 9.8 | 3.7 | 2.6 | 0.3 |0.3/0.5
18-34 . |Grey Silt  [0.146 | 3.20 | 12,0 |- 19.3 | 6.6 | 56,4 |10.9 | 47 | 3.1 0.3 | 0.3{0.8
. oxvar 0-6 Grey Silt 0.258 | 4.95 10.5 | 216 | 1.9 _ | 388 8.4 | 8.0 | 43 | 0.5 |0.4|11
 Sta.52-65 | . 6-18 |GreySilt  -10.233 | 4.80 | 1.3 . 2.3 1.5 44,6 | 9.5 | 6.8 | 3.0 | 0.4 10.6{2.0
. |- 18-30 . |Grey Silt ©10.233 | 4,16 | 9.8 | 24.5° 1.5 | 5L4 12.6 | 5.5 [ 4.5.| 0.8 |1L1|L5
30-40  |Grey Sllty Clay = [0.230{ 4.31 .| 10.0 23.0 1.5 38.7 | 8.9 | 6.0 | 5.4 | 0.9 {1.8|L3
‘vt | 0-6 |Reddish Grey silt [0.183 | 3.13 9.4 12,6 | 1.9 9.5 1.2 | 3.9 | 48 | L0 |1.70.8
Sta. 31265 6-18  |Grey Silt 0.196 | 3,17 | 8.8 | . 12.1 9.7 14.9 1.8 | 3.3 |-4.7 | 0.9714/0.5
18-30 |Grey Silf 10,199 | 3.20 | 8.3 10. 5 9.7 9.5 1.0 | 3.2 | 4.0 | 0.9 1.4]0.5
30-40 |Grey Silt _ 0.205 | 3.12 8.2 10.7 9.7 "4, 6 0.5 | 3.2 | 40 | L1]|1L9/0.3

1 - Moist samples calculated to oven- dned basis,
2 - Oven-dried ba.81s

3 - By difference.

4 - Of residue a‘ter removal of O. M. by use of H,0;. -
S - \'ot mcluded in determmatlon of exchange H+



Table 8

HUDSON RIVER CORE SAMPLES - 1965

' ' 2 ) ' C. E. C. . E;:'hcangeable Cations
Core . v . Total Organic 1 Minus : T , .
Number Depth Description N Matter C/N C.E.C. - 0. M. Unsat'n H} Ca Mg X Na
: ] T [ me/100 o : B | ! l
: : Inches : % /) gm me’ % . me/100 gms
L XVLI o"-31/2" Grey Silt | 0.199 5.60 15.4 40,7 13,9 8.5 ] 33.2 3.4 3.0 0.3 ,0.8
Sta. 50-65 31/2rm-9" | GreySilt 0.165 4,55 ~15,1 | 19.0 . 8.0 57.9 1.0 3.9 |2.8 {0.3 .{1L0O -
9" - 15v GreySile 1 0.143 | 3.77 14.4 | 14.7 7.1 49,6 7.3.°13.2 3.2 [0.3 |0.7
. XIX or-6" Grey Sllt 0.236 5,92 13. 8 41.1 13,1 72.7 29.9 6.6 |3.5°10.3 [0.8
Sta.53-65 6''-18" | Grey Silt + Coa.l 0.214 5.26 13.5 43.6 ' 16.4 77.5 33.8 5.5, 1 3.1 0.3 ]0.9
' 18' < 30" Grey Silt 0.160 4,05 . 15,1 39.1 . .o 73.1 28.6 (4.0 [4.9.]0.5 |11
30" - 45" -| Grey Silt 0.199 4,39 - 12,0 47.7 12.8 81.3 ~ -1 38.8 [2,1.]4.3 0.5 |2.0
. X 1o - 6" Grey Silt + Coal| 0.089 2.10 ! 13.5 19.0- . 4.3 . 68.9 13.1 .j2.,0 | 2.7 |0.2 |10
Sta. 46-65 . . ~and Cinder’ : S : S : o . . : ‘
: ' ' 6" - 18" . Grey Silt 0.226 | 5,10 12,3 3.4 _ 10.8 - “60.0 18. 8 3.9 5.4 | 0.4 2.9
18" - 30" | Grey Silt | 0.255 5.18 oL s 47.0 . ©13.5 .} 72.3 34.0 3.8 /5.9 [0.5 | 2.8
1301~ 454 Grey Silt 0.229 | 5.46°. | 13.5 51. 6 10,6 | 71 | 36,7 |3.8 |5.6 |0.6|3.9
xv o lor-6" | GreysSilt 0.236 | 5.84 | 13.6 | 66.0. | 15.0 86.5 |.57.1 [3.5 |10 |0.3 | 0.9
Sta. 49-65 6" - 19 1/2" | Grey Silt.. . 0.226 5.64 14,1 33.0 : 10. 8 82.7 C 273 3.5 | Lo 0.3 0.9
X1 0" - 6" - Grey Silt ©~ 10,230 | 5,64 | 13.4 | 58,0. | 13,1 | 83.4 48.4 (2.9 |48 |0.5 | 1.4 | L3
Sta.45-65 .| 6" - 18" Grey Silt 0.256 5.46 12. 6 57.1 15,0 - '} .82.9 47.3 3.7 | 4.8 | 0.4} 0.9]2.0
: 18" . 36" Grey Silt - -10.218 4,60 11. 5 56.5 13.3 8.6 46,1 !3.8 [ 5.3 | 0.4 0.9]{0.8

1 - Meist samples, calculated to oven-dried basis. .

2 - Oven-dried samples.

3 - By difference. .

- 4 - Of residue, after rem0val of O. M by use of HZOZ'
. 5 - Not included in determination of exchange H..



‘ 4-1965

“Higher values for exchangeable catlonb by use of O. 05 HCl is

Sample

"Table 9

EXCHANGEABLE** AND ORGANIC BOUND CATIONS

" Exchangeable
-‘Cations

(me/lOO gms)

Non<Exchangeable . R
Catlons*** Ignited Not Ignited

'Na~ K Ca Mg Na_ K  Ca Mg Fe mg/100gms
N pH 7.0 NH4Ac N |
) 1f1965 042 0.4 4.9 4.9 0.4' 1.0 0.8 0.4 140 | 265
2-1965 0.1 0.3 5.4 4.1 0.3 0.9 0.9 0.3 95 10
3-1965 0.1 ‘0.3 4.3 3.5 0.2 1.2 0.7 0.6 70 o 110
‘) 4-1965 0.1 0.2 4.6 3.2 0.2 1.70  0.5 1.9 130 - 110
o | | ,Q.os N HCl* | .
1-1965 0.3 0.6 6.7 8.5 0.4 1.0 0.3 0.2
2-1965 0.2 0.3 7.7 8.9 0.2 1.3 0.3 5.0 .
1351965 0.2 0.3 5.4 4.6 0.3 1.5 0.1 2.6 ~
0.2 0.3 11.0 9.7 0.3 1. 2' 0.2 2.8

due - to its lower pH, o
** Water Soluble cations removed prlor to extractlon Technlque'
i outlined in appendix. = - « . o
* ***% "QOrganic bound" cations. (Ignltedj— Unlgnlped = Organic Bound)

()

and its effect on Ca and MgC



Table 10

SOLUBLE METALS*

- %

Contalned in N neutral NH4Ac extracts used to determlne C E C.
moist samples taken in 1965

3-29

.  Gne/lOO gms)
. Samp1e #.l‘ o EE' '-Mgfif Cu Ni ‘Totﬁl
30  0.35 0.14 0.02 0.10 0.61
?5A" 0.94 0.71 0.03 0.004 1.68
. fosm 0.33  0.25 0.01.  0.003.  0.59
p 26A 0.04 ' o_.ié 0.1 006 0.23-
W 268 L 0.70 0.44 0.03 0.11 1.51
26¢ 122 0.4 0.02 ©  0.005  1.38
27 1.92 . 0.20 70.04 7;6.09' 2.34
c 278 11 0.30 0.03 ~0.02 1.46
.- 27¢ 1.is 0.20 0.02 0.03 . 1.43
27D”5 1.71 1 0.10 ;'o.bs' 0.11 1.95
‘28A 2.27 0.31 0.05 10.31 2.94
‘ 288 © 0.5l 0.36- 0.07 0.06 1.00
‘> 28¢ 114 0.42  0.02  0.01 1.59
on
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RADIOLOGICAL STUDIES

Frank Cosolito
‘Dale ‘'W. Bath
_ -"Harold T. Peterson
- .. ~Norman Cohen

I.. Radiblogical Techniques,

Samples were analyzed by gamma spectrometry u51ng a 4
inch NaI(Tl) well crystal One of the prlmary obJectlves of .

sample preparatlon prior to analys1s was to reduce.- the volume}

‘of samples to no more than 16 ml. Th1s was necessary in order t0"

~accommodate all samples in standard snapcap.plastlc v1als*used in

congunctlon w1th the well- type sc1nt111at10n detector When

,samples were not of suff1c1ent volume to flll the v1al vthe
dlfference was made up w1th ordlnary.granulated sugar which
~was ground with the sample to form a homogeneous mixture'of the

required volume. The sugar proved to add no significantfradio—,

activitygto'the.samples. e

‘A, Sediments

Bottom sediments were dried'On:a hot plate and sifted

through 11 mesh screeninge The materlal left on the ‘screen

‘cons1sted malnly of shell fragments, pebbles, drlftwood and

other organlc material Wthh was dlscarded " No further effort

,',was made to remove organlc materlal from the 51fted portlons _

By welghlng the sample before and after ashlnCr the organic

~;mater1al was. found to account for approx1mate1y 15% of the

sample welght The 51fted samples con51sted of coarse. to very
fine sand, silt and clays. An allquot large enough to f111 ‘the

16 ml vial was welghed and they assayed by gamma spectrometry

4—1



- B. Biolegical Samples~
Biological material eonsisting of'fish; invertebrates,
- plants and algae, were first identified.s-The material was then{
ﬁashed; weighed_after blottingfwith paper towelling, dried
on a hot plate to prevent‘splattering:at higher temperatures;-
and placed in silica trays'to be'aShed for 24 hours at 600° C.
in a muffle furnace. Temperatures above 600 C. durlng ashlng
'were avoided due to the poss1b111ty of volatlllzatlon loss of
certaln nuclldes notably cesium and ruthenlnm' The ash was
'l]then welghed ground to a unlform 51ze, and‘an allquot put
into 16 ml v1als to be counted.
Green and F1nn (1) indicate that the volatlllzatlon of
ees1um in the ashlngvof dryed m11k samples becemes important

at temperatures greater than 4500 C. The 1ess of Cs1§7.at

uandashing temperature of 620O C,.1ncreases from 37% for'a one‘.
day ashlng to about 90% after 6 days ~ Since our samples havef
been ashed at 6009 C.'for 1 day a poss1ble loss of 37% of ‘the
7Cs}37 is indicatedé"ln‘light of these faets the_ashlng
temperaturetwill be'redueed toid50°'C. on_all future saﬁples;

-C. Water and Suspended Solids

 Water samples were first filtered_under}vaeuum_through.
a tared sheet of Whatman.#ldfilter:paper. The filtervpapervwas
then dryed; weighed,_andiinserted into a'Vial’for the.eeunting B
of suspended solids. Two: 3 1iter»aliQUots of*the_filtered:water”

Were;then evaporated to dryness after the addition of 20 ml.



A

E of 12N HCl to prevent -hydrolysis. The residue salts were

Weighed Vground,to uniform particle size, and also placed in
vials for counting

D. Chemical Analy51s

For samples containing relatively,large amounts of
manganese stable manganese determinations were performed
by the persulphate ox1dat10n of Mn02 with silver catalyst {
to the permanganate stage and subsequent titration with »
the redu01ng agent ferrous ammonium sulphate

The Sr— 90 content of a representatlve number of samples.
has-been determined by measurement of 1ts daughter product |

Y-90 (2). Radiochemical procedures for. the determlnation of

~

~ Fe-55 are c1rrently being developed for estimation of thls
inucllde in Hudson Rlver samples ' Thus far, preliminary‘

g determinations on several representative samples containing

Fe 55 have established 1mportant pre- treatment techniques and

'determined»the size of sample necessary to attain minimum

detectectable levels (3).

Rapid electrolytic concentrating‘techniques haue'been
developed to 1mp1ement the determination of tritium at the
low levels. encountered in the env1ronment Tritium samples
for the 1966 survey will be counted in a Nuclear Chicago

Mark>IV Liquid'Scintillation counting systemipurchasedbthis

.year, In addition, various'scintillating-cocktails_are being

investigated for the purpose of increasing sensitivity in

both tritium and Fe-55 dete&minations.
. 1 v
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E. Countlng Procedures

.’_ | | Countlng was - performed using a 4 x 4 1nch Nal (T1) well
| detector and a Nuclear Data Model ND~130T 512 Channrel Analyzer
‘ Two hundred and flfty—f1ve channels of 1nformat10a were recorded
”Normal callbratlon was 10 keV/channel so that gamma energies
up to 2 5 MeV were examlned
Readout of the information stored in the analyzer was
accompllshed us1ng,punched tape.l The punched ‘tape allows
information to he reintroduced in the analyéer memory when-
ﬁ ~'ever desired and is essentlal for tape to card conversion '
for computer ana1y51s A | : y
Standard solutlons of Ce- 144 Co—60 ~and'Cs;137 were»‘
'prepared by evaporatlon on planchets‘and assayed by 2Tféas | ;
“ ‘ .flow'p'roportional counting. "Thes’e standard solutlons have
asSociated.measurement errors of‘+ 5%; Standard.solutionjof
; Ra—226 Ra—228 ind Th-~228 were 51m11ar1y prepared and assayed
a E The Ra-228 solu ion was prepared from MOH&ZILG ore and i
‘) contained appro: <1mate1y 10% of Ra-226’ and approx1mately 12% of_ 4.
"% Th-228 (by activity) w1th an assoclated measurement error of ..
+ 10%, | |
" Solutions of Mn-54 and Zn;ss were obtai'ned from the
_Nucleonic Corporation of America-calibrated'to,i 10%:, for
vthese nuclides N.C.A.'s calibrations Were.accepted as correct
‘A Ru-106/Rh- 106 °tanda1d was prepared and assayed by 27Tr beta
countlnOr The error on this source is approx1mately + 10%.
‘ - Standards for the spectromrtrlc ':ssay were prepared from

these solutions. All standards were aqueous solutlons w1th

. 4-4



a volume of 16 ml , a volume identical to that of‘the'samples

processed' and were counted sufficiently long to accumulate

over 10, 000 counts in the peak channels again under cond1t10n8~

“jdentical to'those used in counting samples. Background samples

using sugar:were run'with each'batch of samples processed;

F.  Data Analysis

Quantltatlve estlmatlon of the act1v1t1es of Ce- 144

Cs~ 137 Ru- 106/Rh 106, Co-60, Zn—65 Mn 54, Ra- 228, Ra 226

and K-40 was accomplished by a welghted'least squares.method _'

developed by Pasternack .and Liuzzi (4,5, 6)" This method'

has been programmed 1n Fortran for the NYU—AEC CDC 6600

A
.

computer (7)

The method of;analysis requireslthe following: an index

~

- card indicating the numher of channels of information usedj
. a progranm deck which describes,the‘operations'to be:performed{

‘anbackground spectrum for subtraction from the samples; a

background spectrum for subtraction from the reference nuclideS'
a referenco spectrum obtained. from a known concentratlon of 1

mlxture of the nuclldes assumed to be in the sample, and_the

,sample deck.composed of twenty—f;ve data cards and one title

card per sample

The computer program prov1des for the Subtractlon of

background from the sample and reference decks Determlnatlon .

of a ratlo of the activities of each component in the sample

to the reference spectra is accompllshed by mlnlmlzlng.the



_sum‘of'the sduares of the weighted residuals.h Then;dall
of the reference spectra are fitted, channel by:channel to
the sample spectrum This ratlo is mu1t1p11ed by the known
-act1v1ty of the reference sources as indicatéd on the tltle
card of each-1nd1v1dua1 reference nuclide. - The method of
analysis is suchuthat a.greater statistical weight (in terms
of estimating the unknown'activities) is given to channels.With_
ethe largest number of accumulated counts o h . ;”d:nf-ey”

The ana1y51s prov1des estlmates of the amount of each‘
nucllde present as well as estlmates of the standard error
“of  the assay. These estlmates are based .on countlng statlstlcs
'and do not 1nc1ude the errors assoc1ated with the callbratlon'
.of the reference sources. In addltlon, the program.computes-.
a ratlo statlstlc which has an expec1ed value of unlty 1f )
_(the fit is good.- Departures from 1dea1 condltlons are 1ndlcated
-by the decrease in this ratio. Idéal conditions would.ex1st |
if the reference spectra approx1mated the comp031t10n of the
sample spectra and both’ spectra. were run under 1dent1c11
‘conditions of geometry, ampllfler basellne and galn -If these
condltlons.varled s1gn1f1cant1y a ratio less than one would result.
FOn thls basis ratlos below 0. 70 were cons1dered unacceptable
since the results produced would belexcesslvely blased.

An informative check on the analysis is a plot of the

weighted residuals from the fitting process versus the channel

number. From this plot it is possible to ascertain whether

3-8
1

)
3



-~

a low ratio was caused byba gain shiftfor the absence OT a

. nnclide'in the reference spectra which was present in the

sample, Further'details regarding this procedure will be

found in.references (4,5,6).

'I1 Radiological Findings

A, Water Samples

Naturally occurrlng K-40 was agaln found to constitute
the prlnciple act1v1ty in Hudson‘Rlver water. The highest
contribution to the wafer activif& from a.manmade.nuclide
appeared fo be from. Zn-65 which.ran abont-one order of magnitude<
less then K-40. The'maiimum observed Zn—65“activi£y waslabouf

10 pCi/1 while the maximum observe K¥40Vactivity5was approximately

90 pCi/l These values are plotted in Flgure l Wthh shows

~

“the 51te~to—51,e varlatlon in ‘the’ act1v1ty of S radlonuclldes

The values plobted in-this figure repre ent the mean act1v1ty

‘of approx1mately 5 water samples taken et each s1te " Table 1

'~ summarizes the range and means of the ohserved values

The other seven radlonuclldes whlch include Cs-137, Ce-144,
Ru-106, Mn-54, Co—60,’among-the fission product radionuclides

and Ra-226, Ra-228 among the natnrally occurring:radionuclides,

~almost all lie within the range of 0.1 to 1 pCi/l " The two
iexceptlons are Cs-— 137 and Ce- 144 whlch show peak concentratlons
Tof 2 and 3 pC1/l respectlvely Six sanples of river water
'from Sectors I and II were chemlcally separated for Sr—90 analysrc;

- Five of these samples were found to have act1V1t1es.w1th1n

the narrow range of 1.07 to l?3l pCi/1 and only one-sample was
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_Stéiling Fofest; New York. All of the abdye samﬁles showed

2 in/l. The next most abundant isotope waisa—226 with two |

found at the higher level of 2.55 pCi/l.
By comparison, seven samples of water Were prepared

from the Hudson River watersﬁed area (See Table 2). These

" were 3 samples along the Mohawk Rivér; 1 sample at thelv

Indian Point Pond; 1 sample from Indian Lake and 2 from

Sterling Lake. The latter two lakes aré_both located in

>

very lqw'K-4O concentrations. AFour samples had non—detéctablé

~amounts while the three Samples'from'the Sferling Forest area

ranged from 3.7 to 13.0 pCi/l.A Ru-106 appeared to be present

"in six of the seven samples at a level averaging less than-

-~ -

samples showing activity. These were oth from'the.MQhawk
Rivéf and had activify levels of'1;3 aand 1.9»pCi/1. Thefonly '
other activity found was in one sample from Indian Lake_&hicﬁf
had 0.4 pCi/l of Cs-137. No détectébléiaméunts of Ce-144,
Mn-54, Ra-228, Zn-65, or Co-60 were found; o

B. Sediments&i o

The bbﬁtom muds of the Hudson River, élthough'variable

in composition, do not exhibit.a high variability in

',individual radionuclide concentfationf(Sge Table 3), The méiﬁ

concentration of K-40 from site-to-site had a range of only

.8.57 to 19.32 pCi/gm* and was approximately Qne’order of maénitude;

greater than the activity of the'next most abundant isotope Ce-144.
* All sediments are reported in pCi/gm of dry weight.




. approximately 1 pCi/gm at»site IT-W-I. The_other sites ranged

' The mean concentrat1on of Ce-144 ranged from 0.65 to 3 14 pCl/gm_

‘w1th most of the samples runnlng approximately 2 pCi/gm.

Naturally occurrlng Ra-226 was found con51stently within.

a range of 1 to 2 pCl/gm throughout the length of the rlver

l"Ra—228 was also found to be unlformly dlstrlbuted at a 1eve1

very close to 1 pCl/gm Visual examlnatlon of Figure 2 which

111ustrates the radlonucllde dlstrlbutlon in Hudson River

l'sedaments,_shows all three of the naturally occurrlng radlo;

nuclldes to be well correlated along the length of the r1ver
In. contrast to the water samples, the apparent act1v1ty
of ‘Zn- 65 in sedlments was nearly two orders of magnltude less

than that of K-40. The hlghest mean concentratlon of Zn—65 was

~

.from non—detectable to 0.74 pCl/gm | . j

Cs-137 and Ru-106 show nearly th: same pattern of
dlstrlbutlor along the river. The mean_concentratlons of Cs-137

variéd from 0.05 to 2 pC1/gm whereas phose of Ru-106 were

'generally at a loWer level ranging from 0.10 to 1.24 pCi/gm. -

Mn~54 ‘and Co-60 were the least abundant of the radionuclides
whlch were analyzed The maximum of the means of the Wn—54

concentratlons was 0.32 pCl/gm wh11ewthat of Co-60 was only 0.09

pCi/gm. Of the 11 sites_examined, 7 had detectable amounts of

Co—60 v , - ‘ : _ .

Seven samples from Sectors I and II were chemlcally‘
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separated for the determinatioh of Sr-90 conceﬁtrations.

These samples had a range of from 0.100 to 0.250 pCi/gm,
TheQmean'concentration for these seven samples was 0.175+

0.0l7-pCi/gm. The values for 'Sr-90 for these sectorsrwere

- reported incorrectly last-year as 0.0 pCi/gnm. Examination of

last year's data showed that the mean Sr-90 concentration

should have been reported as less than 0. 01 pCl/gm In.

addition, a review of the chemlcal procedure used in both

eyears'casts some doubt on the validity of-the 1964 figures,e

The 1964 Sr-90 samples. were prepared by.Sodiﬁm carbonate
fus1on followed by dlssolv1ng the melt in concentrated HCL.

Any excess slliceous materlal was, then filtered out In

contrast the 1965 samples were treated w1th nitrlc perchloric

~

and hydrofluoric acids prlor to sodium carbonate fu51on

”resulting in a much smaller loss of c1llceous materlal and

associated S1r-90. Thus 1t_1s felt that_samples prepared in
1965.reflect the.Sr—90-eonoentratioﬁ-more accurately than
those prepared during the pllot stud5 | |
Table 4 lists nine samples of sedlments Wthh were

taken frOm.the surroundlng watershed. SlX of these samples' .
are from the Mohawk River. These saﬁples erhibit_the same
relative amounts of activity for all the radionuclidés with
the exception of Cs5137.and Co-60 which exhibit\fromrs‘toﬁloi
times as much activity as the levels observed in the-HUdsonA

River sedihents. Slightly higher concentrations of 085137
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are also 1nd1catsd in the 51n01e samples taksn from Indlan
P01nt Pond and Sterllng ‘Lake.’ In addition the sample'from
Sterllng Lake had 16.4 + 5.5 pCi/gm of Ce-144. Thls is four
times.greater than thebnext highest observed concentrafioﬁ of
this radionuclide. | | | |

C. Fish

4With‘dn1§ several excéptions, thé individualbsuclidey
activity contained iﬁ’mOSt species Qf Hudsoanivérjfish:Was
. found to be less than O.l‘pCi/gm (See Table 5) ~ For sikteeh
of the twenty- spe01es examined, the total flss10n product
- activity of the "average" flSh of each spe01es was found to
-be less than 0.5 pCl/gm. wet we;ght. Of the remaln;ng fpur
.specfés, three wére'fbund to contain up to 0;8 pCi/gm aﬁd.a

-

.sihglé sample 6f Cyprinus Carpio, "Cafp", was_found to cbntain

2.4 pCi/gm.

The Blueback Herrlng samples h‘d a mean total f1551on
product activity of 0.53- pCl/gm with the maJor contrlbutlon
comlng.from 0.24_p01/gm of Zn-65. "o s1ngle samples of Whlte'
Sucker snd'BluefiSh had fission‘broduéﬁ activitiss of 0.8 |
pCi/gm each._,Ih both casés,,fhebmajor'coﬁtributing iSotspe
fappeared to be Ru-~106, which was.prcséﬁt atlarlevel:of 0.6
and 0.5 pCi/gm resﬁectively. The singlé:sample.oﬁféarp,'
which had a,totaljmanmade radiohuclide_aétivity of 2.4 pCi/gn,

[

derived 88% of its activity from 1.5 pCi/gm of Ru-106 and



' \(See Table 8).. This is one order of magnltude greater than

0.6 pCi/gm of Zn-65. Of-the twenty species examined, however;

eighteen were found to contain more naturally occurring K-40

-cactivity than the total activity due to the man-made radiO—’

nuclides. _ |
Sr-90 was found at a mean level of 0.302 pCi/gm'in.the

5 samples listed in Table 6. Two saﬁpleS'of Sterling Lake

‘fish are shown for comparison, in Table 7. It'is'Qf interest

to note that the Sterling Lake Black Bass contains threentimes
more Sr—90 than the. Hudson River Sunfish (these‘two species
belng from the same family - "Centratchldae")

Fish from the surroundlnv watershed area had Cs 137

"cbncentratlons ranglng from non-detectable to 2.9 pCi/gm

~

-~

_the Cs- 137 concentratlons reported for the Hudson Rlver

(i.e., non~detectab1e'to 0.3 pCi/gm) . Kolemainen, Hasaneh;

!

and\Miettinen,'and-their studies of'Finnish lakes and rivers

carried out during 1963-65, obtained similar results. “Their
data indicates: that Cs-137 aetivity in fish is inversely-

proportional to the Kécontent of water (8).

D;' Vegetation

Table 9 lists 66 samples of 14 spe01es of aquatlc

7 vegetatlon whlch have been examlned for radlonucllde content.

K-40 is generally found in Hudson River vegetatlon at a

-

level . of 1 to 2 pCi/gm wet welght Mlcrospora-sg. a "blue-
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green algae' was found'to.contain l2;0 pCi/gm of K-40 and

“the nut of Trapa natans, the water chestnut, contained 6.5

pCi/gm of K-40. .These two results are, however, based on .
single samples‘
Mn—54 was found to concentrate in several spe01es of

vegetatlon. In partlcular the algae Chara was found to con-

tain from 6. 3 to 17.6 pCl/gm 1n 3 samples and 4 samples of

_Potomogeton Crlspus had a range of 3 3 to 10 2 pCl/gm The'

above samoles along w1th several others were analyzed for

fstable manganese and Table ‘10 llsts the stable manganese

’;oontent along w1th the pCl/gm of Mn—54 per mg of stable

manganese and other pertinent data

It can be seen from this tablevthat Potomogeton Crispus

‘and Chara have a manganese content ranging from 7 to 13% of

the total skeletal ash, whereas the other}species-analyzed_are

‘2all in the order of 1 to 2 % manganese. In‘addition'Potomogeton :

»and Chara have 3 to 5 times the sfecific activity of Mn-54

as the other species of vegetatior. The higher stable

manganese content along with the_increased specific activity

' ‘might‘well be associated with a,faster metabolicrate of

| exchange for manganese for the two species sited.

Following Mn« 54 the next mOst abundant radlonuclldes
are Ce—l44 Raw226 - and Ru—106 These rad1onuclldes are»
generally present at a level of less than 0. 2 pC1/gm ’ Cs 137

was present at very low levels (lesS than 0.1 pCi/gm) and
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no other dlstlnculshlng character1stlcs

»Ra 228 . and Zn 65 appeared in trace amounts

Sr-90 could not be analyzed in vegetatlon due to an

* unusually large amount of 51110eous material present in the
.-ash. It was, therefore felt that some of the act1v1ty

-Wthh we attrlbuted to the vegetatlon in the past mlght be

due to sedimentary act1v1ty attached to the plant i.e.,
activity not removed in the ordlnary washlng of the vegetatlon

At present steps are belng taken to 1mprove washing technlques

Future samples should, therefore, be more 1nd1cat1ve of the,true'

radionuclide burden of Hudson_River vegetation.
Seven sampleseof vegetation from the surrounding water4
shed area (Table 11)‘were analyzed With the exception of

the absence of Zn-65 and Co 60, the watershed samp]es exhibit.

~

IIXI Comparative Study of Radionuolide.Concentrations for‘lQG&

" Versus 1965

A. Introduction
A basiciquestion is whether-the techniques'used in 1964
and 1965 have yielded reproducible data. To'answer"this'

question severallsimple hYpotheses oan be. tested For example,

* the concentrations of . K-40, Ra—226 and Ra- 228 should remain

7 constant from one year's surveyeto the next. This is self-

evident for K-40 which has a half-life of 1.29 x 109‘years} o
The concentration of Ra-226 (T 1 = 1620 years) and Ra-228

(T y = 6.7 years) should also remain constant since. these radio-
2 : _ S

|
v
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nuclides are in secular equilibrium with the daughters of the

uranium series and thorium series, respectively. Fission products,
on the other hand, can be expected to show variations in .

‘concentrations which will be functions of cumulative fallout;

their physical and biological half-lives, and their eventual

fate in the environment. On the basis of physical half-lives

_ alone, the Ce-144 (T } = 285 days), Mn-54. (T § = 314 days) and

Ru-106 (T 1 - 1 year) should have decreased to 41%, 45% and 50% ,

2

respectively, from one years survey to the next That there
are.other‘fdctors in the env1ronment Wthh affect radionuciide
concentration is clearly illustrated by the data.

As will be seen in succeeding'discussions, K-40 appears

~

"to be the best avallable measure for 1nd1cat1ng the pre01s1on

of the radlologlcal measurements.e Con51der1ng the prantlcal
iimitatiohs_iu enuirenmenfal Sampllng, the concentratlons ofé
RaFZZQ and Ra-228 are insufficient to vield statistically
repreducible data for the»sampie'sizes emplbyed. K~-40, on’ the
other hand, haS’been'shown'in uost insfahces to have equal
concentratlons for 1964 versus 1965 at the 95% confldence;
1imit. Thus it is felt that K-40 w111 be a useful tool in

evaluating the rellablllty of the measurements from one year

to the next.

In addition to comparing the data for analytical pre- |
cision, certain other advantages have been obfalned through

comparison.‘ Insight 1nto the value of the various sampllng
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sites has been‘gainedvh& comparing variations“in radionuoiide
,concehtrations from.region to region; For example;'the samples
of vegetation from the four sites in Sector IV.showed very
.{ittlervariation in.radionuclide concentrations. tAlthough,'
samples will be'oollected'at all'four'sites,.ih the next
‘Year,vpooling of samples should give a higher totalvactivity
and'henoe, more significant data regarding the»oonoentrations:
'>0f.various nuclides_in severalfsﬁeoies.. ‘ | .

B, Statisticai Considerations |

vThe ratio statlstlo used in: the comparatlve study is an -
'1ndlcatlon of the goodness of f1t obtalned in the quantltatlve
estlmatlon of the act1v1t1es of the various radlonuclldes
.The estimates are made by the welghted least squares method
developed py Pasternack and_L1u221 (4?5,6) whlch has been.;f.
-previously described; S | o ';y'” |

As has been indicated, departurésdfrom ideal conditions
are indicated-by a decreasejin.thisiratio.> Ratios“below7» |
0.70 were considered unacceptable in that the results produced
_would be excess1ve1y blased

The mean concentratlons in both years samples were
compared by means of the Student t- test‘ In performlng the_

analysis it was assumed that the»populatlons were normally

distributed-and had equal, though unknown,'variances (9).



C. . Comparison of Radionuclide Concentrationsvin Hudson

River Fish 1964 Versus 1965

Table 12 compares the ceneentratiop of 8'radionuelides in
Hudson River fish fer 1964’verSusa1965. Seventeen speCies.ofg..
fish cemmon tovbotﬂ years wereﬂutilizedein compiling the data.Q
, Fifty—six samples:Were available:for 1964. * All of these had_AF
ratios greater thap'the‘selected criticallratio of 0.70. The
ratlo range was O. 78 to 1.15. These 56 samples represented a
. total of 7 716 fish welghlntI a total of 34.6 kgms '

For 1965, 50 samples ef_the same 17 specieS‘were avail-
.abie. These samples had a ratio range of 0.72 to 1.08 and
represented.a tota1~of 7,40iéfish-with“a}total Weight of
16.9 kgms - o |

Statlstlcal ana1y51s of the results tabulated in Table 12
indicated the mean K-40 activities to be equal at the a 50.05'
flevel of signtfieance, It is appafenttfrom tﬁe results;fho&evef;j
that this is not the case for Ra-226 >r Ra-228. Statistical
tests of'thefequality hypothesis confirmed.tﬁe fact that
neither the Ra-226 mean activities'nOc_the.Ra—228 mean aetiVities
were eoual ’Concenttations ofpthese twe radionuclides'are
._ev1dent1y too low to demonstrate equallty w1th1n the statlstlcal
11m1tat10ns ;mpesed_by the avallable sample 51zes, _Therefore,p
the best-indicator for‘reproducibility of radiological tecﬁniquesf.

in Hudson River fish, appears to be the mean K-40 coneentratioa.
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D. Comparison of Radionuclide Concentrations in Hudson

River Sediments from Sectors I and II 1964 Versus 1965

In the preliminary:survey of the Hudson River“during“the

*. Summer of 1964 only,the'areadsouth of West Point had been

sampledhfor‘sedimentsx Thus to permit an unbiased comparison.
for 1964 and 1965 only those stations sampled in both years
are 1ncluded in the data (Table 13) -

Contrary to the trend 1ndicated in fish Ru-— 106 and Mn~54 )

in»Hudson River sediments appeared to decrease markedly in ,‘)

conCentration. These two radionuclides as prev1ously 1nd1cated

have half—lives of one year or less. ‘The low results in 1965

-for both Ru- 106 and Mn—54 seem. to 1ndicate that these nuclides o

are cleared more rapidly from sediments than the combined rates

‘Kvof 1ntroduct10n. For 1965 the observed concentrations were 35%‘

~.

and 29% of'the concentration which would be.predicted from
phys1ca1 decay alone. In addition cumulative fallout'data o
for Mn—54 (Figure 3) idindicates that th: cumulative act1v1ty

of Mn-54 hasrbeen relatively constant'51nce August of 1963.

~ These factsvin addition to-thebfindings reported by McCrone |

et al, (1n sectlon I1IX of this report) 1nd1cate that the

!
manganese derived from fallout appears to be present 1n

exchangeable and easily—reducible forms 51m11ar to the’ manganese

+ in sediments washed in from soilsggi the“drainage basin

Additionally, this may help to ehplain the high concentrations

of radio—manganese reported in the aquatic alga Chara in both

- -

last years and this years.reportt‘t
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'The long.lived radionuclides,4represented here hy Co-60,
‘_' ~ Sr-—90 and . Cs-137, all’show a trend toward increasing concen-
tratlons This'trend‘is in'accord with thehincrease in-the
~cumulatrve fallout act1v1t1es shown in Figure 3 for Sr- 90
énd Cs—137 1nd1c1t1ng that rates at Wthh these radionuclides
are 1eav1ng the sedlments are slower than’ the uptake rates
| A statistical test on the mean concentratlons of K—4O
reJects the equallty hypothe51s The K-40 concentrations are,
however w1th1n 7% of each other ;In-view of the sample
‘i; ) ;'s1zes, and thc fact that the sample analyses were separated
by one year, a 7% dlfference ‘in the mean K—40 concentratlons

-~

‘does not appear to be unreasonable Addltlonal conflrmatlon

of the accuracy of the results was supplled by the mean ~
‘ ' conc_entratlons of Ra-228: 1. 07 pc/gm for 1964 versus 1. 04 )
pc/gm for 1965. These means: were shovn to be equal at the
. a % 0.05 level of s1gn1f1cance | | |
} " E. Comparlson of Radionuclide Concentratlons in Hudson RJver-
O . Sediments for 1965 - Sectors 1& IT Versus Sectors ,II] & IV*

jThefprevious comparisonfwas'hased on the southerh most“
sampling region which was studied in both 1964 and 1965."wi£h
the expansion of the survey'to.reglons'horth of West Point"
Tt became posslble to 1n1u1re into reglonal varlatlons in the
concentrations of radlonuclldes. For this comparlson Sectors
rI and II which comprise a 39- m11e stretch of river south of

West Point and Sectors III_and'IV which co:stlbute practlcally
* .See Table 14




. magnltude

" an equal length of river'north of West Point were compared

‘based on the data available from the 1965 study.

i The concentrations of K-40, Ra—226 ‘and Ra-228 oan~be
seen to be very nearly 1dentlca1 in both reglons This ig
not the case-for the six other radlonuclldes. Tests of the
equallty hypothes1s gave negatlve results in each of the s1x
cases In fact the data 1ndlcates that the act1v1ty of
five radlonuolldes is greater in the reglon south of West P01nt
i.e Sectors I and II show more Ce- 144 Cs-137, Ru—106 Mn—54

Co—60 activity than Sectors III and IV Zn-65 is the only

‘radionuclide that does not follow the above pattern

F. Comparison of Radlonucllde Concentratlons in Hudson Rlver o

Watéer Samples 1964 Versus 1965%

~

The mean concentrations of six of the radionuclides are
all w1th1n thn same order of magnltude but no trend is

ev1dent The K—4O concentratlons appozr to be very nearly equal

_in both years but the other radlonucl des have concentratlons

in the order of 30 tlmes less than K—40 and do not yield clear—

cut results for the‘sample 51ze avallable due to the low_levels
of activity. In the most extreme caSes the mean concentrations
of .both Ra 226 and Mn-54 dlffer by more than one order of

The pos51b111ty of ana1y21ng a more stat1st1ca1 s:gnlflcant

number of samples*ln the coming year is presently under o ..

:*' See Table 15



- consideration. For the present the important single fact
" which can be noted,from the tabulated resulfs is that the

" concentrations of the man-made radionuclides are many orders

of-nagnitude‘below the recommended maximum permissible
concentratlons for these radlonuclldes These range from
Mn-54 Wthh is presently at about 1/10 OOO ,000th of 1ts MPC
to Ce 144 and Ru—106 which are currently runnlng 1/7 OOOth

of their MPC 's.' Ra-226 and Ra—228 Wthh are both naturally

occurring, are at 1/10th and 1/60th of thelr MPC

‘frespectively.

G. Comparlson of Radionuclide Concentratlons in Hudson Rlver

Suspended Solids for 1964 Versus 1965 £

Here again, as was the case for‘Hudson River water, low. -

activity combined with an insufficient number of samples

preclude the investigation of yariations of'radionuclide

concentrations in suspended‘solids ”here are in addltlon

. several other factors Wthh make the ‘ampllnﬂ of suspended

: SOlldS a rather sem1 quantltatlve 801nnce Theucondltlon.of

the river bed at the various sampling stations>varies from a
silty-célay to a coarse gravel and, hence, .the nature“of the

suspended solids is highly variable-‘ ThlS fact comblned w1th

4 varlatlons in current and 1ocal dlsturbances make 1t appear

highly improbable that the sampling of;suspended-solids even -

at the same location could yield statistically reproduCible

results. These samples and the tabulated results, therefore,
* See Table 16 '




merely'sefve;as énindication Qf the order of magnitude of

radionuclide cOncentratiqns in suspended’solids.' From this stand-

.-point'it caﬁ be seen that the amount of radionuclides present in

- the solids'fraction of the river water are in general at about

1000 times the concentrations in the river water. (Noté that the
tabulated results for suspendéd‘solids are in the same order

of_ﬁagnitude'as]those for river water but the suspended_solids

is reported in pc/gm and'the‘water in pc/l); o o ;o

. H.. Comparison of Radionuclide Conbentrationé in the Alga

Chara fOrﬁlQGé'Versus 1965 *
The aquatic algae chara has been of special interest among
the aquatic vegetations becauSe_it has been found to gréatly

concentrate Mn-54 and to a lesser,extent Co-60. Thé concen-"

trating ability for Mn-54 is no lbnger a mystery sihce the

skeletal ash]of,this variety of algae has been shown to be
composed'of'approximately 10% manganeSe. The»tabulated results

for both years show comparable amounts of Mh¥54. The mean

_ activit&'of two samples'in 1964 was 16.78 + 0.22 pc/gm with

the lower of the two samples containing 15.08 i 0.24 pc/gm and
the higher of the two samples containing 18.49 + 0;36 pb/gm.
In 1965 three samples of this végetation were collected. ,Thesé

ranged from 6.30 + 0.10 pc/gm to 17.60 + 0.20 pc/gm with the

- mean concentration for 1965-being:10.97 i 0,0S pc/gm. A ratherse

large decrease in the amount of Ru—106 can'be noted. from thé.

¥ See Table 17
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1964 to 1965 samples. In 1964 the two available samples

yielded nearly identigal-resﬁlts of 9~58,i 2.74 pc/gm and

©9.65 + 1.40 pc/gm of Ru—lOG,_whereas,-theahighést concentration :

observed in a 1965 sample was only 1.1o.i 0.20 pb/gm.

e
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Table 1
' RADIONUCLIDES IN HUDSON RIVER WATER ) R
Concentration in pCl/l : '
No. Of - o o : S ' o L : "
Mile Samples __Ce-144 Cs-137 K-40 __ Ra-226 Ru-106 Mn-54 Ra-228 Zn-65 Co-60 Sr-90
'36.8 - 5 Mean  3.02 10.50 . 89 0.34 0.24 0.85 0.36. . 1,64 0.79 1. 89
Min, ND ND - - ND - ND ND ND ND . ND . ND-. 1.2+0.1
Max. 8.4+7.5  0.7+0.6 190+30 0.7+, 5 1.242.7  L6+0.9 . L1+0.6  7.2+4.6  0.9+0.7  2.6£0.1
52,0 5 Mean - 1.82 CLo06 45 102 0.75 ° 0.0l - 0.58 L34 . 0.24 . 121
| - Min. ND ~ ND 3445 . ND ND . ND . ND -~ ND - 'ND - L1x0.1
 Max. 3.7+3.4  1.9+0.9 66+13  4.4+2.4 - - 3. 7+3.7 0.140.9 L6+lL2 2749.2  '0.6+0.5 1.3%0.1
56.0 .¥=5 - - Mean .17 . 2.08 - 78 0.25 0.07 0.29  0.26 - 2.92 0.85 -
- Min. ND . 0.5+0.3  15+4.4 ND ND " ND ° ' ND ND . ~ ND
Max. 1.8+l.2 - 1..0+0.3" 303*51 . L2+0.8 0.3fL.4  0.6+0.4  0.5:0.4 6.1+3.2 3.243.0
67.5 5 ‘Mean . 0.31 0.29 - 6 oo O.'16. S 0019 ©0.29 0.12 . 0.83 0.09 -
Min. ND ND ND ND  * "ND ND ' ND ND ND -
~Max. 1,440 0. 5+0, 2 14+3.4 - 0.8+0.7 . 0.5+1.0 = 0.7+0.3 0.6+0.3 2,4+2.7  0.3+0.3
79.5 3 . Mean  0.95 - 0.06 - 0.5 - - 006 . 005 0.3 . LI3 | 0.15 e
Min. ND ND ND ND °~  ND. ND ND ND ND :
- Max, 1.740.8 0.2+0.2  1,043.2 - 0.2#L0 0.1+0.3 0.5+0.3 - 2.5+2.3  0,3+0.2
98. 5 3 Mean 0.39 0.11. - - 0.24 - . 0,47 - 0,04, - 1.78 0.10 = -
Min. ND ND ND ND ' ND ~ND ND ND - ND -
‘ - Max, 0,6+0.9 0.2+0.3 .. - 0.7+0.6 .  l.4+lL2 - 0.8+0.3  3.7+2.5 0.3+0.2
107. 5 4 Mean  0.64 0.272 . L5 " - 0.25 0.10 0.23 0.04 2,10 0.09 -
' Min. ND  ND ND 'ND ND . . ND ND ~ ND. ND
Max. 1.8+0.9  0.5£0.2 - 6.0+3.1  0.6+0.6 .  0.2+l.0°  0.5+0.3 - 0.1+0.3  4,9+2.4 . 0.340.3
L : . . ' .
f :

o
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Table 1 Cont'd.

.~ No. Of o : C _, | ' § _ .
Mile Samples Ce-144 Cs-137 K-40 Ra-226 . Ru-106 Mn-54 - Ra-228 Zn=-65 Co-60 Sr-90
13.00 4  Mean  0.33 0.17 2.6 0.18 0. 49 0.10 0.12 1.16 - e

Min. ND ND ND ND ND " ND ND  ND . ND
‘Max. 1.240.9  0.540.2 6.0+3.4 0.7+0.6 L 7+L.2  0.240,3  0.3+0.3 2.8+2.5 -
. 117.0 4 . Mean  0.57 0.24 2.6 0.25 - 0.22  0.17 0,22 0.92 . 0.10 -
Min. ND ND ND - ND - ND . 'ND ND ND ND
Max. 2.0+L0  0.3+0.2 9.0+3.3  0.6+0.6  0.9+L1  0.3+0.2  0.5+0.3 1.4+L9.  0.440,2
51, 5 1 15417  1.34+0.8 ND  1.8tL6  5.0+2.3 ND ND ND ND - .. 1.3t0.1
54,8 1 ND ND '12+5.8 ND 1. 8+1.5 ND ' ND 3.742. 8 ND -
*Determined By radiochemical analysis. ,
ND = Non-Detectable - ' ' A -
A ) .
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' Tablez SR
RADIONUCLIDES IN HUDSON RIVER WATERSHED FILTRATES
- Concentration in pCi/l

No. Of- Sample Vol.

429 -

Site Samples (liters) Ce-144 Cs-137 XK-40 Ra-226 Ru-l106 Mn-54 Ra-228 Zn-65 = Co-60

Mohawk River 8 ‘ | ’

M-1 1 12,0 . ND ~ ND ND  L3+0.6 '1.9+LO ND ND ND . ND

M-2 (top) 1 8.5 - ND ND ND ND 2.4+ 8 ND ND ND ND

M-2 (bottom) 1 8.0 ‘ND - ND ND 1.9+l.4 2.8+2.4° ND ND ND ND
'Indian Point, N, Y.

Indian Pt.. Pond 1 80 ND ~ ND ND  ND _ ND ND  ND ND ND
Sterling Forest, ‘N'. Y.

Indian Lake 1 . 9.0 . ND . 0.440.3 3,743.7 ND = 1L340.9 ND  ND ND . ND

Sterling Lake 2 © 13.0-13.0 - ND' ND. 3.8+2.0 ND 0.8+0.5  ND ND "ND. ND

- - ' : : 13. 045. 3 1.8+L3
ND = den-D’etectaBle

::_\/.
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. TABLE 3 .
- RADIONUCLIDES IN HUDSON RIVER SEDIMENT '
Concentration in pCi/gm of Dry Weight
No. Of' . - ) - Lo e S .
- Mile _ Samples Ce-144 Cs-137 K-40 Ra-226 Ru-106 Mn-54 "~ Ra-228 Zn-65 _Co-60 Sr-90
36.8 5. Mean 2.01 - 0.43 . 153 1. 80 0.26° 7 0.07 1.38 0. 04 0.03 - 0.21
Min. ‘ND ° ND  10.6+lL2 . 1.8+0.2 ND " ND | L3+0.1 ND 'ND 0.13+0. 04
Max:  7.6+4.2  0.5+0.0 13.8+1.3 2.2+40.2.° L 0+0.5  0.24#0.1  L6+0.1 - 0.2+L.0  0.1+0.1  0.26+0.06
52.0 4 Mean 2.90 1.28 13.95 1.97 0.88 ©0.32 L06 0. 96 0.09 0.16
' Min. 0,8+0.5 - 1.2+0.1 13.5+1.6 1.5+0.3 0.8+0.6 ND '0.8+0.2 ND ND 10.10+0. 04
Max. 7.2+6.8 1.6+0.1 16.6+1.8 2.3+0.2 ~ L6+0.5 - 0.4+0.2 1..4+0.1  3.0+L2 0.2%0.1 0.20+0.06
56.0 4.  Mean = 2.42 .98 . 15.72 - 2.0l 1. 24 0.22 L35 0.07 -
' Min, 1.240.5 1.240.1 13.2+L.8 1.0+0.4 1.0+0.6 ND . 1.0+0.2 ND  ND
Max.  2.9+0.6  2.6+0.2 17.0+2,0 :2.6+0.3 ~ 2.8%0.6 0.3+0.2  1..6+0.2 . 0.1+0.1
67.5 5 Mean 172 0.66 - 10.36 Ls2  0.35 0.16 0.88 0,47 0.02"
Min. 0.5+0.3 0.240.9 1C.1+l.2 ...l C+L2 - ° *ND . ND - 0.6+0.1: ND ND
Max.  4.8t6.2 1.0+0.1. 1L 0+L2 - 1.7+0.2 ‘0.8+0.5  0.340.1 0.9+0.1 " 1.0+0.9  0.14+0.1
79.5 5 Mean 1.16 . 122 10. 41 1. 43 1.08 0.14-  0.78 0.30 -
‘Min, ND . 0.2#0.0 4.0+L3  1.0+0.2 = - 0.7+0.6- ND . -0.8+0.1 °  ND . ND
Max. 1.9+0.4  2,4+0.1 12.8+l.4 1, 9+0.2 1.9¥0.6  "0.3+0.1 1L 140.1  1.0+0.6.
98.5 4 Mean 0.65 0. 81 19.32 1. 82 0.387 0..04 - 1.28, S 0.33:
: Min, ND 0.3+0.0 15.6+L.2  1.5+0.6 © ND ND- 1.040.3 'ND . ND
Max. L2+0.9 1 6+0.2 23.4+3.5 2.4#0.4 - 2.6+0.7  0.1+0.3  1.7+0.2  0.9+0.9
107.5 5 Mean 3.14 0.05 . 15,18 - 1.55 0.07 1.17 0.16
Min, ND- 'ND  14.04.3 1.240.27 ND ND - 0.9+0.1 " ND ND
Max.  0.5+0.3 0.140.1 17.0+1.4 2.0+0.2 ) 0:240.1  1.4+0.1 0.4+ 5
. /



- TABLE 3 Cont'd.
No. Of. _ o : _ E : ' S
Mile _Samples Ce-144 Cs-137 K-40  Ra-226 . - Ru-106 Mn-54  Ra-228 Zn-65 Co-60 Sr-90*
‘U307 "5 Mean - 0.92 109 .57 1.32 C. 39 0.17 0.83 0. 74
: © Min,  0.940.3  0.6+0.0  7.8+l.1 . 0.9+0.2 ND ND . . 0.6+0.1 _ ND - ND
Max, L 4+0.3 1.3+0.1  1L0+0.9 1.4+0.2 0.6+0.3 0.2+0.1  0.9+0.1 L 8+L0O
7.0 = 5 Mean  2.50 0.49  15.51 1.70 0.20 0.05 118 - 0.70 0.03
© Min, ND 0.240.1 ,14.241.2 ND ND  ‘  ND. - 0.940.1  ND ND
S Max.  0.7#0.4  0.940.1  18.2+L.6 2.0+0.2  1.0+0.4 0.140.1  1L.2#0.1 '2.2+L2  0.1+0.1
51, 5 3 Mean  L13  1.55 13.00 115 106 0.92 0.07.
. Min. ND ND 6.210.8 0.6+0.2 ND ND - ND ND -ND 0.125+0. 047
—wm~ Max. 1.740.4  L240.0 15.9+l.2 L 2+0.2 1. 3+0.5 0.8+0.1 0.2+0.0 IR
54,8 3 Mean 1.09 0.82 12. 49 0.97 0.67 0.02 - 0.52 '0. 09
B Min, 1 0+0.3  1.0+0.0  16.0+0.9 1L.0+0.2 ~ 0,5+0.3 " ND . 0.820.0 ° ND ND.
Max., 1.4+0.4 .2.240.1  22.0+lL.6 1..2+0.2 L 8+0.4 0.240.0 1. 0+0.1 ~0.1+0.0
© *%Sr-90 Chemical ana.lyéis of selected samples
ND = Non=Detectable
' .
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’ TABLE 4
RADIONUCLIDES IN SEDIMENTS OF SURROUNDING WATERSHED = . T
K _pCi/gm of Dry Weight
" Sampling - T No. Of y LR co : o ' : N
Site - Samples Ce-144  Cs-137 K-40 Ra-226 __ Ru-106 - Mn-54 Ra-228  Zn-65 Co-60"
Mohawk River T ' ' » _ . . - ) ' »
M-1 B! 0.740.4  7.040.2 . 18.8+2.0 0.940.4 ~2,240.5 0.5+0.1 0.8+0,2 ND " LO0+0.1-.
M-2 B 1 ' 0.8+0.4 ND 'ND  ND'. 'ND - ND. ND ND°  ND .
M-3 1 4,840.4  3.0#0.1  14.1+lL.4 2.140.2  2.840.5 = 0.7+0.1 12+0.1  ND | 'ND
‘M-4 ' © 1 L340.3  6.3+0.1  18,8+L.0 0.7+0.2  0.940.4 0.330.1 0.740.1  ND 0.9+0.1
M-5 1 | 2.840.4° 3.0+0.0  13.5+L0 1.740.2  L8+0.5 0.2+0.1 0.7+0.1 ND . ND -
M-6 T ND ©  0.240.1  16+0.9 . ND' . ND ~ ND _ ND ' ND "ND
Indian Point, N. Y, . . . o ‘ . » _ . » o |__'
. Indian Pt. Pond ‘2 70.,940.5  1.940.2 - 19.8+2.2 134+0.4 0.740.6 ND - L0.2 ° ND . ND.
' - 1. 5+0.5  3.0+0.2 22.142.0 1.5+0.3  1L3+0.6 1.510.2 :
Sterling Forest, N, Y, » :
Sterling Lake | 1. 16.4+5.5  2,5+0.1  6,94.1 = ND  ND ND . 0.240.1  ND . ND
ND "z Non-Detectable :
a
o/
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Tabie 5 .
 RADIONUCLIDES N HUDSON RIVER FISH

Concentration in pCi/gm 6£_' Wet ‘Wei‘ght

1

-No. Of

Anchoa mitchelli .
"Anchovy!

NONE 1IN 1965

./} /
4-33

v

‘Samples
E . (Total No. : - T - S
Species Of Fish) Ce-144 Cs-137 K-40 Ra-226 Ru-106 Mn-54 Ra-228 Zn=-65 Co-60
Morone americanus 8  Mean 0.09 0.7 0.02 0.08 ~0.01 _ _ 0.03
"White Perch" (916) Min.  ND° . ND  0.240.5. ND = ND ND-  ND ND ND
: . Max, - 0.6+0.2 1.240.7  0.1#0.1 0.4+0.3  0.1+0.0 . 0.1+0.2
Fundulus heteroclitis 4 ' Mez;n 0.31 ' 0.10 0.03 0. 04
i'Saltwater Killifish't (638) Min. ND ND  0.2+0.2 ND ND ND ND ND ND
: s Max, 0.6+0.1 0.4+0.3  0.1+0.1 ' 0.2+0.7
Fundulus diaphanus 7 Mean _ 0.07  0.04  0.36 0.02 0.09. o0 0. 02 |
"Freshwater Xillifish" {1340) . Min. 'ND - ND  ND ND  ND ND ND ND  ND
" Max, 0.4+0.4 0.130.1 0.940.2  0.1+0.2 0.5+0.5 0.140.0 ~ 0.1+0.2
Roccus saxatilis 2 . Mean 0.05  0.48 0.15 . o.04 0.16 :
"Stripped Bass" (25)  Min. ND ND  0.4+0.3 . 0.1+0.1 ND ND  ND ND ND
o . Max. ‘ 0.1+0.1 0.6+0.8  0,2+0.1 ©0,140.0 T - 0.3+0.3 :
‘Menidia menidia notata - 2 Mean S 0,49 o 0.05 |
"Spearing'’ : (996) Min, ND . ND . 0.4+0.1 ND ND ND- = ND "ND ND
' : . Max. E 0.5t0.1 ' 0,140, 0 '
" Notropls hudsonus 4 Mean 0.01 - 0.04 0.46 - 0.02 0. 02 0. 02 -
""Spottail Shiner" (711) Min. ND ND  0.2+0.2 ND  ND ND - ND ND . ND
S -7 Max. 0.1+0.0 ,0.1+0.0 0.7+0.1 0.140.1°  0.1+0.0 0.1+ 0.1



 Table 5 Cont'd.

Microgaddus
.M"Tomcod"

_Ma.*c.

NONE IN 1965

o :~-/

e
v/ 4234

NO. Of 14
Samples
{Total No. , ; : : A . _ .
Species _Of Fish) . Ce-144 Cs-137 = XK-40 Ra-226 Ru-106 Mn-54  Ra-228 Zn-65 Co-60
Bolesoma nigrium 2 Mean . n ‘ 0.37 ’ 0.05. 0,08 0.03
"Johnny Darter't - {672) - Min, ND ND ND .ND = - ND . ND- ND ND . ND
: Max. - 0.8+0.1 : 0.140.2 0.1+0.0 o 0.14+0.1
Alosa sapidissima 2 Mean . 0.43 0.12 , ,‘
- ""Shad'' (249) Min. ' ND ND - 0.4+0.2 ND 0.1+0.1 ND . ND ND ND
: Max. - 0.5+0.2 0.2+0.2
Alosa pseudoharengus 2 Mean - 0,07 0.33 0.06 0.20 0.03 . . ‘
MAlewife! ... " (165)  Min. . ND ND ND ND: ~ ND ND ND ND ND
' . 0.240.1 0.7+0.4 0.1+0.2 0.44+0.3 ~ 0.140.0 . .- ‘
Alosa aestivalis 2 ' Mean ~ 0.10 0.05 10.20 . o ‘ - 0.06 ©0.-06 0.24 0.08:
"Blueback Herring' (1155) ~ Min. = ND ND - ND . ND ND ND ND . ND ND
- ' Max. 0.240.5  0,1#0.0. 0.4+0.1. - 0.140.1  0.140.1  0.5+L2  0.2+0.1.
" Notomigonus chrysoleucas . ~ 2 = Mean _. » _ 0.99 - - 0.07 . :
"Golden Shiner" (199  Min., . ND ND 0.940.2.. ND . ND . ND . ND ND ND
| | Max. - . 1.0%0.1 : L 0.1+0.0 .
Lepomis gibbosus 4 Mean 0,02 0.05 0.73 . 0.04 0.02 '
YPumpkinseed Sunfish" {420) Min, | ND ND 0.4+0.4. ND ND ND ND ND ND
\ Max. 0.1+0.1 0.140.0 1.0%0.1 0.1+0.1 - 0.1+0.0
Lepomis auritue 1 Mean o ‘ : o
~ "Redbellied Sunfish" (5) Min, ND ~ ND. 0.740.1.° 0.140.0  0.1+0.0 ND ND ND ND



"Table 5 Cont'd.

No.

1 4

Of.
Samples
(Total No.. 7 ) : L o o o
" Species . of Fish Ce-l44 . Cs-137’ X-40. Ra-226 Ru-106 Mn-54 Ra-228 Zn-65 Co-=60-
Catostomas commersoni 1 Mean - . . ‘ = ) _ : o
"White Sucker' (25) Min.  0.2+0.2 ~ ND 1.4+0.7 ~ ND 10.6+0.2 ND ND . ND ND
Augilla rostrata 2 Mean 0.24 -’ 0.12
"Eel" (59) Min., ND ND 0.1+0.1 ND ° ND ND ND ND ND
- Max. ' 0.4%0.0 0.2+0.1 . '
Ectalurus natales NONE IN 1965 -
"Catfigh _
Carassiug auratus 3°°  Mean 0.1 0.07 0.79 : : . . '
"Goldfish" (418) . Min, ND ND 0..6+0.1 ND - ND ND ND ND . ND -
' Max. 0.2+0.0 . 0.1+0.0 0.9+0.1 - ' '
Cypninus carpio 1. Mean ER SR _ o . . — e
"Carp" | (12) Min., ND . 0.1+0.1 0.1+0.0 ND 1L.540.7 .0.240.7 ND 0.6+1. 7 ND ..
Pomatomus saltatrix "1 . ‘Mean o o ' _
"Bluefish" (14) Min, ND 0.3+0.1 12412 ND "0.5+0.4 ND 0.1+0.1 "ND . 'ND
‘Mugil Sp. 1 Mean o - | | -
"Mullet" (91) Min,  0,1#0.0 ND 0.740.1 0.140.0 0.140.1 0.1+0.0 - ND 0.2+0.1  ND
Micropterus salmoides . Mean S T . : . ‘
"Large Mouth Bass' (2) Min, 0.1+0.1 . ND 0.4+0.2 0.140.0 0.1+0.1 ND ND 0.2+0.2 ND
ND = Non-Detectable o _ .
' Ces 4-35 ” o B -



 TABLE 6

Sr-90 in Hudson' River Fish

- Species | , ’_ pCi/gm wet weight
Lepomis o 0.535-j_0;017 |
Leﬁbmis | - o 10.497:j;o.006

".Meﬁidia' R 0.033 f'o.001 
Morone o : 0.245_i”0.608

Morone B 4,‘_; 0.299  0.009

TABLE 7

"fSr—90 in Sterling Forest Fish’

o L | N |
‘Suckers S - 0.234 ¥ 0.003
Black Bass . - - 1.604 1 0.016
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, Table 8 '
RADIONUCLIDES IN SURROUNDING WATERSHED FISH (STERLING FOREST)

Concentration in pCi/gm of Wet Weight

’ - Total No. ) . : . .
‘Species - ' Of Fish - Ce-144 - Cs-137 X-40 Ra-226 Ra-228  Ru-106 Mn-54"  Zn-65_ Co-60
Sterling Lake, N.Y. = : -
Micropterus salmoides* _ 31 Mean s s ' . ’ : : . : o e S
"Large Mouth Bass" : Min. ~ND . 2.94+0.0 1.64+0.0 'ND ND ND ND ND- - ND
Lepomis gibbosus 2 Mean : ' S ' .
"Pumpkinseed Sunfish" _ Min. 0.5+0.5 2,040.0 1.2+0.2 ND ND 0.2+0.1 ND ‘ND - . ND
‘ Max. ' ' ' ‘ ' : o
Esox vigrum E o 3 Mean o ' ' : . o .
. "Chain Pickerel" o Min., ND -1.240.0 L 4+0.2 ND " ND ND ND ND ND
' Ambloplites .rupestr'is o 2 Meag' R o B ' _ : , ‘ o B
"Rock Bass" , _ © Min., 0.240.0  1..740.0 1L0+0.1 . ND ND - ND ND 'ND ND
' : ' . Max. .o ’ ' o
i-Not'emo'g'o'!‘xis crysoleucus o ‘36 Mean o . . . o : , - ' _
""Golden Shiner': - - - © . Min. | 0.140.0  0.640.0-10+0.1 ND . ND . 0.140.0 . ND - ND . ND -
. Blue Lake, N.Y. o
. Lepomis.gibbosus' 131 ‘Mean , ' R : ) o . ' o
~ Y"Pumpkinseed Sunfigh" Min. 0.2+0.0 0.2+0.0 0,8+0.0 ND ND ~ -ND ND - ND "~ ND
: ; : Max. ' C _ . R o - : :
'Notemogonis cfy'sol’euki:.’s 126  Mean . » 4 _ L B _ A
""Golden Shiner" S : Min, 0.2+0.0,. 0.240.0 1.040.2 0.140,0 ND  0.2+40.0 ND ND ND

A : S
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Table 8 Cont'd, - )
) ' Total No. ° o , . ' ' IR - ' ' :
Species : Of Fish Ce-144 Cs-137  K-40  Ra-226  Ra-228 Ru-106 _Mn-54  2Zn-65: Co-60_
Semotilus atromaculatus - 38 Mean : ' _ . L . : , _ o ' :
"Creek Chub! . . - - Min, ND .0.340.0 ND -~ ND ND. 0.3+0.2 =~  ND - ND ND
Catostomus commersonii 6 Mean S o a o
"Sucker' . _ ' - Min., - ND 0.6+0.2 4.9+3.3 " ND 0.340.3 13412 ND ND ND
S Max, ‘ K - '
Stream Into Blue Lake,N: Y. ‘ :
Semotilus atromaculatus : 8 Mean . S . - . ) o .
""Creek Chub! : ’ Min., ND ND 1.841.0 - ND = . ND = 0.4+0.4 ND : ND - ND
: Max, : S I
Indian Lzke Reservoir, N.Y. ) :
Catastomus commersonii ©. 25 -Mean . - e T .
"Sucker" R : Min, 0.1+0.0 0.340.0 1.4+0.0 ND . ND ND . ND ND ND
: ' Max.. : . C ' .
 Notemogonis crysoleucus 16 Mean ' A _ R . , _ PR
"Golden Shiner" . ) . . Min, 0.940,4  T0.,640.0 L. 4+1.2 0.240,2 ' _ND _.__ . ND .. _ND . . .ND ND-
Sterling Forest Gardens,N. Y, ‘ . ‘ v
-Carassius auratus * i 14 Mean » o 0. 85 B o - R
"Gold Fish" - : Min, ND - ND 0.340.0 ND. ND - ND » ND ND ND
, . o . _ Max, . 1.44+0.1 - - . ’
Little Sterling Pond,N. Y. _ _'
Ictalurus nebulosur ) 7 Mean C - : : : . - . ] o
"Brown Bullhead" ' Min. ND -~ 0.540.0 0.6+40.2 ND ND ND - ND ND - ND

Max,
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N ~ Table 8 Cont'd.
; ' ' >
_ : Total No. , : ‘ B : D : : o -
Species Qf Fish - Ce-144 Cs-137 X-40 .Ra-226 Ra-228 = Ru-l06 Mn-54 Zn=65 Co-60
Notemogonis crysoleucus 39 "Mean . - - o e S , N
"Golden Shiner" ‘ Min. = .0.1+0.1 0.340.0 0.8+0.2 "ND - ".ND ND - .ND ND ND
Indian Pt. Pond, Buchanan,N. Y, .
- Lepomis gibbosus o .22 Mean : . SR - ) o S S
v "Pumpkinseed Sunfish' Min. @ ND . ND " 0.4+0.5 . ND - " ND ND - 0.440.0 ND . - ND
*Two Samples
ND = Non-Detectable
\b\ .
4-39 )
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Table' 9
RADIONUCLIDES IN HUDSON RIVER VEGETATION |

Conce'ntra.tion'ixjx pCi/gm of Wet Weight

No. Of -

Co-60 .

C
4-40 .

Species . Samples  Ce-144 Cs-137 K-40 Ra-226 Ru-106 Mn-54 Ra-228 Zn-65
Chara Sp. 3 Mear - 0.23 c.12 0.93 0.77 0.63 10.97 0.23 T 0.43
Min. 0.240.1  ND 0.4+0.2 0.3+0.0 0.3+0.1,  6.3+0.1  0.1+0.0° ND  0.2+0.0
Max. 0.5+0.2 0.2+40.1 1.4+0.5 1. 4¥0.1 1. 1+0.2  17.6+0.2 0.4+0.1 " 0.740.1
Nitella Sp. - 1 2.240.5 0.140.0 L1+0.1 0.9+0.0 0.4+0.1 1L 6+0.0 0.2+0.0 0.2+0.1 ND
' Potomogeton crispus 4 Mean  0.19 0.02 1.13 0.37 0.40 6.16 0.14 0.03  0.28
Min. ND ND 0.8+0.1 0.2+0.0 0.3+0.1 3.3+0.0 0.140.0 = ND  0.140.0
Max. 0.240.0 0.140.0 1 6+0.4 0.6+0.1 .0.6%¥0.3  10.2+0.2 0.2+0.0 .0.1+0.1 0.5%0.0
" Potomageton perfoliatus 10 ‘Mean 0.18 0.08 - 1.29 0.12 0.22 0.82 0. 04 0.02 0.04
Min. 0.140.0° ND  0.7+0.7 ND. 0.140.0 ~ * ND ND ND ND -
Max. 0.4+0.0 0.2+40.0 2.3+0.1 0.2+0.0 = 0.4+0.0 = 2.140.0 0.1+0.0  0.2+0.0  0.1+0.0
Myriophyllum Sp. 5 . Mean 0.23  0.12 .08 .. 0.29 0.26 0.50 0. 03 1 0.03
Min. 0.1+0.0 ND - 1.0+0.1 0.2+0.0 0.1+0.0 0.3+0.0 ND ND ND
Max. U.5#0.0 0.246.0 1.3+0.1- 0.4+0.0 0.4+0.0 - 0.6+0.0 0.1¥0.0  0.2+0.0
Vallisneria americanus . n . Mean .0.12 0.07 107 0.19 _ 0.19 0.47  0.04 0.03
’ ‘ - Min, ND ND  0.240.1 0.14+0.0 - 0.1+0.0  0,2+0.0 ND ND. ND
 Max.  0.3+0.0 0.240.0 2,3+0.2 0.4+0.0 . 0.3+0.0  1.5%+0.0 0.1+0.0  0.14+0.0
Eleocharis Sp. 10 Mean c. 08 0.09 2.16 0.04 0. 04 0.04 0.04
"Spike Rush' Min, ND .~ ND  L2+0.0 -ND ND. ND ND ND  ND
oo Max,  0.240.0 0.2#0.0 3.5¥0.2 ,0.1+0.0 0.1+0.0 - 0.1+0.0 0.2+0.0 »
Filamentous algae * 8 Mean 0.32 ' .0.17  0.94 0.23 - 0.21 0. 47 0.08 0.03
- Min.,  0.240.0 ND '--0.3+0.1 0.140.0 0.14+0.0  0.1+0.0 ND ND  ND
Max. 0.4+0.0 0.340.0 2,140.1  0.4+0.0 L.1£0.0  0.240.0  0.1+0.0
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_ ' Table 9 Cont'd.
.No. Of . _ .
Species Samples Ce-144 Cs-137 X-40 Ra-226 Ru-106 Mn-54 Ra-228 Zn-65  Co-60 "
Najas-flexilis 6 " Mean 0.16 0.06 0.96 .0.18 0. 22 114 0.04 0.03 " 0.05
: Min. ND ND 0.7+0.2 0.1+0.0 0.140.0  0.1¥0.0 - ND ND ND
Max, e L o ' '
Spartina 2 Mean - 2,22 _ '
Min, .ND "ND 1. 3+0.0 ND ND ND ND ND ND
Max. 3.1+0.1 : ' :
Spartina Sp. (roots) 1 ‘ 0. 4+0.12 0,2040,08 480+0.47 0.52i0.08 0.‘3410. 15 0.22+0.04 0.60+0.04 O 20i0.33 0.01+0Q 03
Spartina Sp. (tops) - 1 0.05 0.04 2.49:0.1 0. 04 0.04 0. 03 0.02 . 0.04  0.00
Pontedexia.cordata 2 . Mean _ 2 23 _ _ . o o 0. 04 o
"Pickerel Weed" ' "Min., ND ND 1. 0+0.1 “ND " ND - ND ND ND ND
| : '\ Max, . 3.410.1 : 0:1+0.1 :
Pontederia cordata (foots) 2 . . Mean ) - 1.29 70,05 . : _
- ' Min, 'ND ND 0.6+0.0 0.1+0.0 ND ND - ND ND ND .
Max. . 2.0¥0.0  ND |
_ Pontederia cordata (t ops) 2 ‘Mean . o 1,98 0.05 . _ o _ :
' ' Min., ND . ND - 1.9+0.1 - ND ‘ND . ND ND ND. ND
Max. . 2,1+0.1 - 0.110.0 : ‘
. Trapa natans 3 Mean 0.08. = 0.06 1,37 . 0,05 0.05 - 0.08 - N
"Water Chestnuts' Min. ND ND - 1. 2_-&;0. 1 ND - ND 1.0+0.0 ND ND ND
- Max.  0.140.0 0,1+0.0 1.7+0.1  0.140.0 0.1+0.0 . 0.140.0 ‘
‘Trappa natans (tops) 2 Mean 0.05 - = 1,38 _ , 0.04 0.08. ,
"Water Chestnuts' » Min. ND ND .1.2t0.0 ND  ND 0.140.0 - ND ND ND °
, o Max. 0.11+0.0 1. 5+0.1 0.140.0  0.140.0 . : '
o .
4-41
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* Table 9 Cont'd.

_ ' No, Of - : o ‘ ‘ . ‘ '
-Species - - - Samples Ce-144 -~ Cs-137 = X-40 Ra-226 - Ru-106 Mn-54°  Ra-228 . Zn-65  Co-60
Trappa natans (nuts) 1. » ~ ND ND 6.540.4 ND - ND . ND ' ND ND . ND
"Water Chestnuts" ’ : : ,
Microspora Sp. ' : 1 4, 6+1.4 .2.140.4 .12.045.4 2.940.9 L 4+L7 4,740.5 O. 2+0.5 ND ND
"Blue-green Algae" ' C S E '

‘ #F.‘ilamentouiAlgae - consisting of Spirogyra._S_,P_. , Hydodictyon, Reticulatum, Vauchéria geminata, plus

\
)
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-_Spirbgyfa sp.

" pCi Mn-54
*  per

 Species - oogm W.W. o

TABLE 10

" Wet.
Weight

- gms_ -

" Ash

Total

gms

;pCi.df Mn~54 ‘per mg. of Stable Manganese

Stable ' pCi of Mn~54

- Manganese ‘per mgm
mg/g of Ash = of Stable

,_Potomogeton_CriSpﬁs* ©10.20

' Chara sp. . '.Qlf{”f}f17;60

noo W iYel00

EEEU U5 [ B

: "oi.i

70,26

;'Filamentous'Algae R 1,00

LI . 1’  . 0.37_

,n*.{,»'Aiyf',jw;ﬂjlﬁ“;ofsoﬁ '

LMitella o des

580.
'1230.
678,
794.

- 555.
724,
o 386.
350,
558.
272.

- 912.

11.8

. 19.8

18.5

a4z
e85
193
00
12.6
.:10.5  '
a4

a7

o 20.0 S

"Manganese

67.0. . 4.46

134.8 -  2.54

945 3.49 o
1001 L 3.49
18.7 1v f; C1as
;ﬂé,s : ':fv};o.ss‘
Css
Cers 2.0
198 0.99
;~3.3‘ _ 'fi%‘ 0.72
‘9.8 ” fif' _0.67 

79.1 ©  0.78

* ¥ Higher aquatic (not an algae) L
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Table 1
i
RADIONUCLIDES IN SURROUNDING WATERSHED VEGE’I‘A’I‘ION
“‘Concentration in pCi/gm of Wet Weight '
} . No., Of . . o , _ ' . .
Species Samples Ce-144 Cs-137 K-40 - Ra-226 Ru-106 Mn-54  Ra-228 Zn-65 Co=-60
Mohawk R. {(Lock No. 7) ‘ o S : . A » : o o A
Trappa natans ' 1 ND 0.240,0  0.74+0.0 . ND . 0.2+0.0, 0.3+0,0 .. ND .- . ND ND
‘Trappa natans 1 ND . ND 0.5+0.0  ND ND ND’ "~ ND ' ND ND
(below Liock No. 7) - . o
Indian Pt. Pond, Buchanan, NY ‘
Utricularia Sp. 1 - 0.440.0  0,2+0.0 1.610.2 0. 40.0 0.540.0 0.3+0.0 - ND - ND - ND
Elodea Sp. 1 . ND ND  ND ' ND . ND ND °  ND ND ND
_ Utricularia, Elodea, plus -~ 1 - 0,4t0.0 .  0.1+0.0 0.4+0.0 .ND 0.340.0 . 0.2+0.0 - ND ND ND
Indian Reservoir, ‘Sterling Fores‘t o : v o ‘ '
ND ND

. Utricularia Sp..
: "Biadderwort"

1 0.580.0 0.240.0 0.9+0.2 0.3+0.0  0.4+0.0 0.740.0  ND -

Little Ceda.r Mountain, Sterhng

" Forest
Parmelia flavicans 1 - 37. 1_4;1.1 67.5+0.6  3.6+1.8 0. 8+0.5 9.540.8 - 1. Oj_-_O. 2 0.2+0.2
. "Licken'". , ‘ ‘
4-44/
/ 4



TABLE 12
' Comparison of Radionuclide Concentrations inﬂHudson.Rivef
Fish*,

Concentration

o N \ Concentration -
- . . in 1964

in 1965 -

*k Ratio

Radionuclide (pc/gm of Wet Weight) (pc/gm of Wet Weight) -
: " Mean 0.052+.004 10.05640,015 |
Ce-144 . Range N.D. - 0.16.  N.D, - 0,59
- Ratio**  "48/56 (86%) - 29/50 (58%)
- ‘Mean 0.034+.002 £ 0.041+0,004
© Cs-137 ‘Range N.D. - 0.009 'N.D. - 0.13
R ‘Ratio** 54/56 (96%) - 48/50 (96%)
el ‘Mean - 0.551+.014 . 0.5364+0.038 -
9 k-40 Range “N.D, = 1.78 N.D. = 2.41
L Ratio**.  51/56 (91%) . 45/50 (90%)
o Mean 0.005+.002 0.026+0.007
- Pa-226 ~ Range N.D, - 0.04 - N.D. = 0,19
L Ratio**  27/56 (48%) 31/50 (62%)
| Mean © 0.082+.013 10.094+0.023
Ru-106 Range . N.D, - 0.42 N.D. - 1.50
B Ratio** 44/56 (78%) 36/50 (72%)
- Mean 0.018+.001 0.02840.006
—~Mn-54 Range N.D, - 0,05 -N.D, - 0.18
@ Ratio**  53/56 (95%)- 38/50 (76%)
R Mean 0.025+.004 - ©0.01140.004
Ra-228 Range N.D, - 0.12 N.D. - 0.12
. Ratio**  53/56,(95%) ' 25/50 (50%)
K Mean 0.001+.001 0.009+.004
Co-60 Range N.D, - 0.04. N.D. = 0.16:
Ratio*x 14/56 (25%) 24/50 (48%)
“*  "Included -are 17 species common td.both yearé. .See Table 1. -

- Number of samples containing significant activity/
- total number of samples. ' ‘



TABLE 13
'“Comparisbn of Radibnuclide'Conéentration in Hudson River Sediments
from Sectors I and II*

‘ S . 1964'vs. 1965

Concentration '

Concentration- i
. | in 1964 in 1965
Radionuclide (pc/gm of Dry Weight) (pc/gm of Dry Weight)
o : Mean 2.77+0.14 1.15+0,09-
Ce-144 Range 0.61 - 9,00 N.D.” - 2.93
: Ratio**  11/11 (100%) 18/19 (95%)
L Mean 0.94+0.03 ©1.1240.02
Cs-137 Range = = 0.17 - 2.80 0.09 - 2.63
' Ratio®*  11/11 (100%) 19/19 (100%)
- , Mean .12:4540.36 . 13.3840.32
K-40 - Range 5.48 = 16.43- .6.24 = 21.99
“Ratio®*  11/11 (100%) 19/19 (100%)
| ‘Mean 10.60+0,04 . 1.62+0.06
. Ra-226 Ranga 0.20 - 0.90 1 0.64 - 2.63
‘ Ratio**  11/11 (100%) 19/19 (100%)
I Mean -  4.5440.39 10.81+40.10
Ru-106 Range 1,43 - 11.20  N.D.7- 2.79
Ratio**  11/11 (100%) 16/19 (84%)
@) . Mean  0.95:+0.03 0.1510.03
- Wy 54 Range  ~ N.D. - 5,90 N.D. - 0.42
| : Ratio**  8/11 (73%) 15/19 (79%)
| Mean 1.0740.08 1.0440.03
| Ra-228 - Range 0.09 - 2,10 . 0.04-1.64
| ' Ratio**  11/11 (100%) 19/19 (100%)
| | Mean N.D. 0.0740.02
: Co-60 Range : N.D.” - 0.25
i "Ratio**  0/11 (0%) 12/19 (63%)

P * Sectors I and 11 are, respectively, the southernmost and intermediate
P sections of the river. Together they represent the region.south of

: West Point. ‘ L o :

‘ ** Ratio = Number of samples contafining significant activity/total number
of samples. ' R - o o

| 4-46



 TABLE 14

Comparison of Radionuclide Cdﬁcentration-in Hudson River Sedimenfs-fbr 1965

‘ = | ~ Sectors I & II vs. Sectors III & IV*
' - : Concentration - " Concentration .
e : . ' in Sectors I & II in Sectors III & IV~
' Radionuclide (pc/gm of Dry Weight) (pc/gm of Dry Weight)
- " Mean 1.1540.09 ' 10.81+0.10
Ce-144 Range N.D. - 2,93~ “N.D., = 1.99
Ratio*x* 18/19:(95%) :19/20° (95%) -
Mean 1.12+0.02° ©0.7440,03
- Cs-137 Range . 0.09 - 2.63 . - 0.01 - 2.31
e ‘Ratio** 19/19 (100%) 1 20/20 (100%)
LN ' Mean 13.3840.32 . 14.2040.35 -
@ Range 6.24 = 21,99 . 7.85 = 23.43
S : Ratio*x* 19/19 (100%) - . 20/20 (100%) -
| Mean 1.6240,06  1.6140,14
Ra-226 * Range 0.64 - 2,63 0,91 - 2,40
: Ratio*x* 19/19 (100%) 20/20 (100%) .
| . ‘ ‘Mean '0.81+0.10 0'.62+O.10
o Ru-106 - Range ~ N.D, - 2,79 N.D.” - 2,66
S Ratio** 16/19 (84%) ._13/2Q (65%)
. Mear: . 0.15+0,03 . 0.09+0,03
| . Mn-54 - Range N.D, - 0.42 " N,D. - 0.20
.) ‘ Ratio**  15/19 (79%) 115/20 (75%)
| ' a0 Mean 1;04i0,03 ' '1.09+0,03
Ra-228 - Range 0.04 - 1.64 0.69 -~ 1.7
- Ratio** '19/19 (100%) -20/20 (100%)
p Mean 0.07+0.02 10,02+40.01
- Co-60 Range N.D. - 0.25 N.D. -~ 0.10.
: ' .Raﬁio** 12/19 (63%) 7/20 (35%)
o  Mean 0.07+0.02 0.02+0.01
Co-60 Range N.D. - 0.25 ~N.D, - 0.10"
Ratio**  12/19 (63%)

- 7/20 - (35%)




TABLE 14 (con t)

Concentration '~ Concentration

- 4 ‘ : : . .in Sectors I & II - in Sectors III & IV
’ Radionuclide : (pc/gm of Dry Weight) (pc/gm of Dry Weight)
: . Mean . 0.26+0.15 . 0.40+0.20
Zn-65 Range N.D. - 3.03 - : . N.D.” = 2.23-
.oRatio**:r 8/19 (42%) o 10/20 (50%)

* Sectors I & II represent the reglon south of West P01nt and
, Sectors III & 1V the region north of West Point.
**% Ratio = Number of samples contalnlng s1gn1flcant act1v1ty/
- Total number of samples

>~

+
——



" TABLE 15

Comparison of Radionuc1ide Concentrations in Hudson River Water

. .. : | R - 1964 Versus 1965

%_ o - .. Coucentration Concentration

: - o in 1964 ' in:1965
‘Radionuclide (pCi/1.) (pCi/1.)

| : Mean 10.6140.39 1.54+0.77

i - Ce-1l44 Range ND - 4.56 " ND - 3,73

; ' . Ratio* 3/9 (33%) 5/7 (71%)

Mean 1.2440.21 £ 0.94+0,29
- Cs-137 _ Range. ND -~ 3.70 0.01 - 1,90

Ratio*

8/9‘(90%)

7/7 (100%)

20.54+2.14

. 34.2043.82 -

D | Mean + - -+
' K-40 " Range ND - 45.74 1.34 - 65.56°
e - Ratio* 8/9 (90%) - - 7/7 (100%).
o » Mean 0.03+0,15 ©..1,07+0.48
- Ra-226 Range 'ND - 0.25 ND - 4.39
- Ratio* 2/9 (22%) 4/7 (57%)° .
‘ o ' Mean 2.77+1.45 1.55+0,67
o - Ru-106 Range  ND - 13.60 ND - 5.08
- Ratio* 4/9 (44%) 3/7 (43%)
SO Mean- 0.41+0.14 1 0.0140.13
., - Mn-54 Range ND - 1,43 . ND -0.06
‘./ Ratio* 5/9 (56%) 1/7 (14%)
g ‘Mean 1.4040.44 0.4640.27
Ra-228 " Range ND ~ 4.47 . ND - 1.68
Ratio* 8/9 (90%) . 4/7 (5T%)
o Mean 0.11+0.09 0.17+0.18
Co-60 - Range ND -7 0.70 - ND --0.60
: Ratio* 2/9 (22%) - 3/7 (43%)

H -
| .

* Ratio = Number of samples-containing significant-activity/f
~ Total number of samples. '



TABLE 16

Comparison of Radionuclide Concentrations in Hudson River

.Suspended Solids 1964 Versus 1965

Concentration

Concentration
o in 1964 | in 1965
- Radionuclide - {pCi/dry gm) -~ (pCi/dry gm) =
e Mean ND '0.47+O,24' 
Ce-144 Range - ND .ND - 1.84
ER - Ratio* 0/5 (0%)_ - 3/7 (43%)
- Mean 0.134+0.09 0.0340.05
. Cs-137 Range ND - 0.60 ND - 0.20
L ' Ratio* 3/5 (60%) 2/7 (29%)
S Mean 0.6240.52 0.4940.74 -
K-40 Range ND - 2.27 ND -T1.73
- ‘Ratiox 3/5 (60%) 2/7 (29%)
- Mean 0.0640.14 10.20+0.24
.. Ra-226" Range “ND - 0.19 ND - 0.49
. - Ratiox* 4/5 (80%) - 4/7 (57%) -
. o - Mean 1.04+0.28 1.82+0.61
Ru-106 Range: - ND - 5.20 0.41 - 3.85
. - Ratio¥* 1/5 (20%) 7/7 (100%)
. Mean 0.18+0.05 0.10+0.07
Mn-54 Range ND - 0.41 - "~ ND - 0.55
G . Ratio* - 4/5 (80%) 2/7 (29%)
E Mean 0.1240.08 0.1640.07
'Ra-228 Range ND - 0.37 ND -0.75
' : Ratio* 4/5 (80%) " 5/7 (71%)
s Mean 0.1240,08 - 0.16+0.07 .
Co--60 Range = ND.- 0.60 ND - 0.63
Ratio* . 1/5 (20%) 4/7-(57%)
"% Ratio = Number of samples containing significant activity/

Total number of samples.



TABLE 17

Compafisbn of Radionuclide Concentrations in the

‘ | : . Alga Chara 1964 Versus 1965
| : Concentration ' Concéntration
. | . in 1964 in 1965
_Radionuclide = (pCi/wet gm) (pCi/wet .gm)
s "~ Mean, . 3.1240.50 '0.3340.08
- Ce-144 Range _ 2,74 - 3.50 : - ,0.207-0,50"
- : Ratio*  2/2 (100%) | 3/3 (100%)
.~ Mean 0.14+0.13 | 0.1040.10
- Cs-137  Range 0.06 - 0.23 o ND -"0.20
: o _ Ratio* 2/2 (100%) .. 2/3 (66%) )
Y Mean 1.2240.43 1 0.9540.19 ..
@ k40 Range ND - 2.44 . .0.40 - 1.40
: ~ Ratio¥ - 1/2 (50%) o ' .3/3 (100%)
. . Mean = 0;43i0.18 ;_ I >v"0.77+0,05'
i~ Ra-226 Range ND - 0.85 o 0.30 - 1.40
| o - Ratio* '~ 1/2 (50%) - 3/3 (100%). _
‘ . Mean 9.624+1.54  0.6340.08
Ru-106 Range - 9.58 - 9.65 o 0.30 - 1.10
.~ Ratio¥  2/2 (100%) - 3/3 (100%)
. o Meun  16.78+0.22 o 10,970 .08
N Mn-54 Range 15,08 ~- 18.49 o 6.30 - 17.60
‘ip; Rasio* 2/2 (100%) _: 3/3 (100%)
i Mean © 1.5040.32 | © 0.23+0.03
Ra-228 - Range 1.10 - 1.90 . 0.10- 0.40
Ratio* 2/2 (100%) .. 3/3 (100%)
p : Mean 1.5240.14 | 0.404+0.03
Co-60 Range 1.43 - 1.62 o - 0.207-.0.70
 Ratiox 2/2 (100%) | | 3/3 (100%)

¥ Ratio = Number of samples- cowt11n1ng 51gn1f1cant activity/
Total number of samples. :



10

REFERENCES

. Green, R.M., and R.J. Finn: "Loss of Cesium-137 in the

Ashing of Milk Samples.," Anal, Chem., 36:692, 1964.

Petrow, H G.: "Rapid Determination of Strontium-90 in
Bone . Ash via Solvent Extraction of Yttrium- 90" Anal.

Chem., 37:584, 1965.

Wrenn, M.E., and N. Cohen, to be published:in Health

Physics.’
Pasfexnéék B "Linear Estimation énd the Analysis of

.. Gamma--Ray Pulse—Helght Spectra”- Technometrics 4:565-
571, 1962, - - B
Luizzi, A. and Pasternack, B.: "Statistical_Analysis of

Environmental Gamma-Ray Scintillation Spectra'", Progress

" Report to the United States Atomnic Energy Commission;
"Contract AT(30-1)3136. January-September 1963, TID-

19669,

Luizzi, A. and Pasternack,. B.: "Statistical Analysis

of Environmental Gamma--Ray. Scintillation Spectra',

: Progresc Report to the United States Atomic En ergy
‘Commission; Contract AT(30-1)3136, October 1963- :
'September'1964. ICM-3136-1. v . ' e

Handbbok‘of Operations for‘CDCGGOO, University"Computing-'

Center, Courant Institute of Mathematical Sciences, New

York University, 1966.

University of Helsirki, Departmeni of Radlochemlqtry,
Annual Report 1965, Helsinki, 196b. .

v

'Dlxon, W.J., and F.J, Masoe}, Jr;il”Imtroductibn to

Statistical Analysis'". McGraw-Hill Book Co., Inc.,.
1957. SRR A _ .

Health and Safety Laboratory-165: "Fallout Program
Quarterly Summary Report". Prepared by E.P. Hardy, Jr.,
and J. Rivera, January 1, 1966.

A



‘ o - : Core

ITX

v

o } .' S 7 S S

-VID,
VIII

IX

Tk
- XI

Q ‘ N CAXIIT
. . f 'giv

“'*Xv_
.“*XVI
4 | o | *XVIT

FXVIII,

'xv1112

*XIX

' ‘ *Analyzed Geochemically

" APPENDIX A

1965 CORES

—ct

1 .

Station

9
2
»
45
30
30
31
36
36
D
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us

47 -
48

49

50

51

52

52



Station

1

W 0O N o0 v oA WwN

- »

I\«/ ' .II
T T T T T
W ® N 60 0 A W N = O

208
Ve » ZOB )
212

21B

22A
22B

o

23B

1965‘STATiON LOCATIONS

Iocation

41°28'20"N

- 41°28'26"N

41°28' 25N

41°28'25"N
41°29'04"N
. 41927'15"N

41°29'37"N

 41°929'37"N

41°929'38"N

41°29'29"N
- 41027'26"N

41°28'25"N
41°26'32"N

41°26'39"N

(o]
- 41 26'48"N

41°33122"N
41°33128"N

410933'32"N

-

74°00" 35"W
73%59' 03"W
73°59'20"W
73°59 ' 12w
73°59100"W
74900'55"W
73%591 12w
73°59'38"W .

'73959'59"yw

74°00' 24w
74°00'08"W
74900 34"
73%59 738w

73959120y

73959102

73°58'08"W
73°58'36"W

73958159y

Not Established

42°15'25"N
42°14'57"N

42013'15"N

42°12'56"N

- 42°05'50"N

42°05'06"N

41059152
© 41%59'40"N

73%48"' 34w
73°48'49"w
73951'03"W
73951¢14"W
73°55150"W
73°55'58"W

73956'34"W

73%56' 15w



Station

24

25A
25B
26A

26B

26C:
277

27B

27¢C
27D'

28A

..28B

. 28C

30
o1
32

33
-~ 34

35,
36
378

- 37B

37C
38
39
40

1965 STATION LOCATIONS cont'd.

;A'Sb

_Iocation

Not-Established

41°35'04"N
41°35'04"N

41934'51"N”
419341 04"N
441034'11"N

. 41°31'03"N

41°31'01"N

141930'58"N
 41°30'56"N
- 41°31'53"N

41°32'00"N

41°32'15"N
- 41%14 121N
41°17'05"N

41°18'12"N
41°23'25"N

-41°27'19"N

41°35'10"N

41931'07"N
~ 41°27'00"N
. 41°27'01"N

. 41°27'12"N

41913'18"N

41°15'58"N
41°18'02"N

73957 34w
73°57f05"w
73°57'34"W
730571 48"W

74°00'23"W

74900 04"W
73059139 W
73059'20"W:
73°59'08"W
73959'30"W
73°59' 57 "W

739571430

73956'51"W'

73%591 04w

73°56'58"W .
73059137y

73%57123"W

74°00'17"W
74°00'17"W

73959155y

73°59'17"W
73957'06"W
73°58'05"W

.73°58'02"W



‘ .
-

Station-
e
42
43
s -
45
45A
46

47

. 48

49

51
52
53 -

1965 STATION LOCATIONS cont'd.

Ad

Iocation

41°20'50"N

41°23+18"N
41°25'30"N
41027#04"N
410251 28"N

. 41°24'29"N
41°25'39"N

41%28'23"N

- 41°928'22"N

41928'20"N

41031'06ﬁN

419311 04"N

41°31'06"N

‘41033'10"N

-

73%57:45"%
739571070
73°58114"W
73059'37"W
73°58'33"W
73°57f4s"w

173958°18"W

74°0030"W
74°00'10"W
73959126 W
73°959'20"W
73°59'59"W
74°00+20"W

73°58147"W



 APPENDIX B

~ STATION 1

Date: 6/3/65

Location: 41°28'20"N-74°00'35"W

. Wind: NE

Water Temperature: 19°¢C. .

' Water Surface: Choppy
‘Turbidiﬁy: Top: Green

‘:Depth: '35 feet

Bottom Sediments:
_color: Black-gray
Texture: Fine

Viscosity: Moderate

. Structures: 1 large pebble

, Ph:  Top Water: 7.5

" Mud: 6

el

Xy

X



.- STATION 2

Date: 6/3/65

Location: N41°28'26"-73959'03"

Wina : NNE

Temperature Water: 19°cC.
»Watgr-surfacé: - Choppy
i;Depths 34 feet

. Bottom Sediments:

Color: Black-brown
" Texture: Fine -
- Viscosity: Moderaﬁe

'-Qdor: None

| . Phs Water:- 7.4-

} -Mud: 6 : .
Core: C-II

 ,,Taken:_-Date§- 7/29/€5
: Time: 12:00 P.M.

Depth to bottom 31 feet

" Dropped from 6 feet above bottom

Trea



'1De§th: 6 feet

. STATION 3

Dpate:  6/3/65
Location: 74028'25"Ne73059'20”w
" Wind: NE

' Water Temperature: 19°C.

iBoftom Topography: Flat

}BOttom Sediments:

:‘;coldr;,.BrQWh-black;

 ,Texture£7 Fine clay

'Visgosity:'.Modérate to high .

‘0Odor: None

' Ph: Top Water: 7.7

‘Mud: 6

B 3
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STATION 4

Daté:‘ 6/3/65

Locatién: .41028“25"N~73059(12“W
wina: W
Watér_iemperaturé: 'i9°¢,

Water surface: Calm.

4_Turbidity: Moderate green

Depth: .5 feet

Bottom Topography: Flat

BOttom.§edimehté: . R

valor:.‘Gray—bléck.
' Tex?ure: Fine;
Viscogity: Moderate
" odor: Ndhg |
ph: Water: 7.5

\Mud: 6 S



-~

'STATION 5

.Date: 6/3/65

Location: 41°29'04"N-73°59'00"W

" Water Surfacei- Calm

Tu:bidity: Top: Moderaté -~ -dark

ADgpfh: 4vfeét .

{Bottom Topography: ‘Flatkwithupebbles

. Bottom Sediments:

- Color: »Lightfgray‘ 
Tekgurez Gravel to silt
Viécosity: " Low

odor:  None

e

Pﬁ:‘ Water: 7.6

‘Mud: 6 .



STATION 6

~ Date: 6/3/65
Location: 41°27'15"N-74°%00'55"W
 WaterfSﬁrfacé: Calm

- Turbidity: Top: Moderate - green

pepth: 3 feet

Bottom Toéographyé Flat‘

-ABottom_Sediménts:

‘};éélor{.iLight
:rTe¥tﬁ?e‘f Sanay -
'ViS§dsiﬁy:  Lowf
‘odor:. Soﬁe

structures: Leaves, twigs -

'Ph: - Water: 5.5

Mud: 5.5

e W R

B 6
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‘STATION 7

Date: 6/24/65

_Time:» 10:40 A.M. 
;Depth: 3 feet

. Water:  Temperature: 22°c

.Turbidity: Moderate
- 'Surface: Calm

Ph: 6 -

Location: 41929'37"N-73°591'12my

-Bottom'Sediments:v Color: :Gray—black_

,QTexture}‘ Fine¥clay_

‘Viscosity:
Odor: Noné

."Strucﬁures:
eH: :—30mv.

’ .‘r,,i’ o Ph: 6

Moderate

None

(uncorrected)

L

S,



STATION 8

Location: 41°29'37"N-73059'38"y

Date: 6/24/65
Time: 10:58 A.M.

~Depth: = 33 feet

Waférf  Temperature: 22°¢
 ;Surface:  Smal1 waves
piTurbidiﬁy:.-Modérate 

BéttémrSediments:' Color: Bréwﬁngray

Texture: silty

ﬁﬁiSCosity:' Low
. “odor : :Nohe.
’ Sfrﬁctures: None
eH: ';30mv. (ﬁncofrected)



STATION 9

. Location: 41°29'38"N-73°959'59"w

Date: 6/24/65

Timéf 11:20 A.M.

Water: 'Temperature:- 23.50¢

surface: Moderate ) o
purbidity: Moderate

- ph:. 6'

-Depth: 35 feet

~ Bottom Sediments: _Colér:'vBrownfgray  u_"

Texture: Silty—organié, bebéles
.'Viscosity;; Moderété—high. o
'6dér:. NOné

Stfuctures: Pébbles,-grit
:.eH: ;—100mv. (uncorrected)
-Ph:..6 ::.' - ?.-‘
Core: C‘Ii; | | |

‘Taken: Date: 7/29/65
. mime: 1200

Depth to bottom. .45 feet .
Core dropped 6 feet above bottom
Override of 6 to 8 inches '



STATION 10

Location: '41°29'29"N-74°00'24"w

" Date:  6/24/65

Time: - '.11:.47 A.M..

~.Depth: 10 feet

- .iPhi_‘G

-~

. Water: Temperature: 23.5°C

-Surface:'_Calm .

“;Turbidity:‘»Moderate

‘ -Bottom'Sediments: 

Ph:

‘Color: ‘Brown
‘TeXtu#e} Silpy
2’Vis§o$ity: Low
:bdor:  H2é,

" Structures: None

=140mv. (uncorrected)

B 10



" STATION 11

Location: 41°27'26"N-74°00'08"W

Date: 6/24/65 .

Time: 12:25 P.M.

Depth: 35 feet

Turbidity:

- Bottom Sediments:

Water: Color: ILight beige

Temperature: 23.50¢C |

}Moderéte

Color: Brown-gray

)

Texture: Fine
© Viscosity: Moderate~-low

odor: H,S

s Sﬁructures: None'

Eh: -135mv. (dnco:rected)

pH -

B 11



pate:  7/2/65

STATION 12

Location: 41°28'25"N-74°00'34"W

~

_Time: 10:57 A.M. - . .

Depth:v 30 feet

_-Watéf:\ Temperature: 25°C .

Turbidity:f Moderate

pH:::7.2 '

".AbBottom-Sediments: Color: BrOWn—gray'”

Tektﬁre:nvsilt - clay-

.A-Viscosith Moderaté—high_

Odor: None -
' .fStiuctures: None
- Temperature: 23.5°C

TEh: ‘f165mv; (uncorrected)

R



STATION 13

.Locatioriz -,41026"-32"N—730‘59-'$8"W
Date: 7/2/65
Time: 11:48 A.M.
.'ﬁepth: ZSZfeét
Wate;;‘.Teﬁperaturé:;.ZSéC
AiTufbidity: ‘Moderate'_
bm~5pH;l.6.81
.igbﬁﬁémtsédimeptsﬁ' color: Brown
o R Textﬁré:j.Clay'—
Oodor: Nons

Structures: Leaves

~ Eh: =163 (uncorrected)

"B 13"



"STATION 14

Location: '41;‘?2",6--38.-_'1\1—730.59'2,0"w

Date: 7/2/65 \

4"Time: 12509.E;M; »

Depth: .7:5A feet |

Wate:;};Temperaturé: 24'60C.,

 “¥_Tﬁfbidity: Moderate

A5 vBottom?Sédiment§: rColor::mglack to.brown‘_

| Téxture: Siitt—‘clay'

‘" 7Viécosity}' de.;;

B Odor: »None
,Strucfures:v None -

'Eh: -~i24mv. (*unborreéted)

' B4



" STATTION 15

Location:. 41°26'48"N-73°59'02"w

Date: . 7/2/65

Time: 12:37 p.M.

Debth: 8 feét.'
Waté;Q. Temperature; 24,5°C‘

| 'ﬁﬁ.Turbidity:~ Modéfate

";pﬁ} .6;69'
Bottom Sediménts§<.Colo£;  Brown
| Téxtgré;‘ Siity'; élay
Viécosity: 'L§w‘.‘ |
ﬁ ‘ B _.fdeér:; Noné
:strUCtufeS; None

V’Ehﬁ -168 (uncorrected)



STATION 16

deaﬁioﬁ:':41033'22”N+73058'08"WA

Date: 7/13/65 N |

| Time: - 4:50 P.M.

De§£h:_ 4 féet"

o watér; Tempéfatﬁre: 26°¢

f;Tuxbidity: Modéréte_i
pH: 8.1 7 |

_ ﬁottom Sediﬁénts;' Color: .Browﬁ 

. Texture: Coarse silf

_viSCOsity: 'Mpderéte"

 “FEh: . ﬁZSOnv. ? (uncbrrected)

B 16
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STATION 17

Location: 41°33'28"N-73%58'36"W.

Date: 7/13/65

Time s 5:20 P;M;

Depth:. 55 feet

~ Water: Surface: Choppy .

o Turbidity; Moderate

Bottom Sediments:' Color: Brown-gray

. Texture: Silt - clay

Viscosity: Moderate

:Oddr: ‘None
- Structures: None
Eh: =-155mv. ? (uncorrected)

B 17



STATION 18

Location: 41°33*32"N-73958'59"y

.Date:l=7/13/65

Time: 6:10 P.M.

Depth: 37 feet

Wate;: Surface: 'Chbﬁpy(

'Turbidity:v Moderate

-Bottbm'Sediments:"Color; 'Brown:

'.Texturei_ Silty ~ clay

.Viscosityﬁ_-Moderate
- odor: H,S I
‘Eh: -250nv. (uﬁcdrrected)

B 18



‘STATION 20A

‘, - Location: V_42_015'25-"N~73Q48'-34"W

” : Date: 7/18/65 o

| 'i‘ime: 3 ‘8:151A.M.
bepth: 17 fe:aet

| Wéter: Turb.idi‘ty; 'Modefét‘e'
o ;gﬁ; 6;4 |
O ‘ _ Waté;: _-salméié _Z__tv_s.t.k‘en
‘/ o . Bottom sediments: éélofﬁ 1.3rlov.;‘n .
| | -Texturg:; Séndy
' R o N E o Visc'osi’gy':_ :Mod"erat‘..:e

odor: Oily

‘ . T - structures: Wood, clinkers ’

. .Temperature: 23°C

:v;.é.H: _ -.-90mv._ (_uhcorrected)

e - B 19
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. STATION 20B

Locations: 42014v5745-73°48'49"y

‘pate: 7/18/65

Time: 8:35 A.M.

Depth: 45 feet

 Water: pH: 6.6

;',Supfaéé Turbidity: Moderate

' Water sample Y taken

gStruc

Eh:

tures:

"B 20

- Bottom'Sediments: ﬁCo1or:  Brown:
.. Texture: Sand
'-Vi5c6si£y:.'Very low

" 0dor: None_

Plant material

(uncorrected) -



STATION 21A

_ Location:  42'°1‘3 : 15"N~'73°51.' 03"W
' Date: 7/18/65 |
~Time{ ‘9£Od'AfM;
Depth: 8 feet"
| Waterﬁ PH: 6.4
- | _Tﬁrﬁidityﬁ;‘Moderateb
ﬁBoﬁtém Sedimenté: éolor;‘ Browh
| . ;_: Tex£ufe:'-Medium Sanq
.Viééésity: ﬁéw |
“deér:> N6ne
Sfrﬁcturésﬁ bily surface;
5Temper§ture: 23°C:
Eh:»{—40mv. lﬁncorfectea)
v,'pH:: 6;6'
SEDIMENT MAY BE ALTERED' BY DREDCING %MILE UPSTREAM

.‘/-

B .21
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 STATION 21B

Iocation: 42012 56N - _33051'~14"w. |

, Déte:~ 7/18/65 -

Time: 9:25 A.M.

. Deptn: S8 feet
. Waﬁer: .éH:;6.4

- Bottom Sediments: Eh: +l60mv. (uncorrécted)

 SEDIMENT APPEARS TO BE AFFECTED BY DREDGING IN AREA OF

' CHANNEL

e .

. B 22



Time:  10:30 A.M.

- Water: pH: 6.4 (surf.)

" STATION 22A

* Location: . 42°05'50"N - 73°55'50"W

. Date: 7/18/65

Time: 10:20 A.M.

Awﬁwater:  ?H: 6.7

‘Turbidity moderate

 Surface sample X taken

Bottom Sediments: No_mud, Eobbles.only |

. . STATION 22B

Iocation: 42°05'06"N - 73%55'53"W

-Date:A. 7/18/66

- Bottom Sediments: quor}' Brown

B Texture: 'Silty'sand

NViSCOSify:* Moderate-High

Odor:  fishy
: Eh: 53mV.

. T
pH: 6.8

Biota: Clams, Weeds, Grasses

B 23



STATION 23A

Location: 1741°5§;52"N'- 73%56" 34"
Date: ‘7/18/66- |

pime:  11:15 A.M.

Depth: 29 feet

'Watef; pH:v 6,8

Bottom Sédimenﬁs; Color: Brown

. Texture: Fine-medium sand =

":', Viscosity;>mew
':iiodér:‘ Noné‘
”Strﬁctﬁrés;' i clam
.Tempefaturé;"ZééC.
;lpﬁg‘ 220V, |
: STATION 238
" location: 41059'4OfN'; 73956 15"W
Date: /18765 |
‘Time:  11:35 A.M. | B
Depth: 23 feet
;Water: pH: 6r4.
Bottom Sediments} Color: Brown
| Texture:.,Sahdy—éilt
J”AViScosityﬁ Moderate
" odor: O0ily
-Structufes: Twigs, clams
Tew?erature 23% |
_‘pH:‘ 6.5
“Eh: -100mv. (Uncdrfécted)

B 24



Date: 7/23/65
_Time:  3:05 P.M.
Depth: 45 feet

- Water: pH: 6.6

Mud: 6.8

‘Bottom Sediménts:

STATION 25A

Iocation:  41°35'04"N - 73°57'34"W

Coloi£ Brown-

-~ Viscosity: Moderate-low o -  H; 

. Water sample V taken..

e -

.gioéatior: 41°35'04"N - 73°57'05"W ;
- Date: _ 7/23/65
. - Time: 3:30 P.M.

 Water: pH: 6.4

) MU.d: 694‘

"ﬂ’Bottom Sediments:

- Depth: 12 feet

A.Ehi~;108mvg (uncorrected)

© STATION 25B.

. Texture: Clay
.ffStruétures: None

3.:0dof§ 0ily

0il residue

Color; Brown.

. Structures: Pebbles.and clinkers present

V_Oil Slick

. Viscosity: Iow

. Eh: ' -241mv. (uﬁcorrected)

"B 25



. Time:  3:45 P.M.

. STATION 26A°

Location: 41°34'51"N - 73°57'34'w

Date:  7/23/65

" Water: pH: 6.4

Mud£~*6.6"

Bottbm'Sediments: Color:fﬂBrowh

a -ViscoSity; Moderate

,Teiture; Pebbles to clay

A

vaEH§ ¥95mv,‘(uncofrected)‘

_‘Dépth;' 5 feetv‘

' Water sample-g.takeh.

- STATION 26B

 Iocation: 41°34'04"N - 73957'48"W

Date:  7/23/65

Time: - 4:00 P.Ma'

papthes Ss(ﬁéet .__ o fJ'a I

‘Water: pH: 6.6

Mud: 6.8‘
%@ttom.Sediments: _ C§i6r:.  Br6wn:
| Viscosity:.-Modératéa;
Teﬁturé: Sandy-clay
odor: Slight’HZS

,Eh;~;95mv;.(uncbrreCted)_'

B 26



, Time:\, 5:00 P.M.

- Water: pH: 6.4

- STATION 26C

location:  41°34'11"y - 73°58' 04w

Date: . 7/23/65 -

Time: 4:20 P.M.

. Watér: pH: 6.4

 Bottom Sediment: . Color:. Brown

‘.,Texture: Silty-clay
-ﬁYisCOsity: Moderate

':-Ehfﬂné67mv;.(uncorrecfed)

.FDepth: 40 feet

N

STATION 27A

- Iocation: 41°03'03"N - 74°00'23"W

Date: ~ 7/23/65

_Depth: 35 feet

- Bottom Sediment: Color:- Brown

Temperature: 23.5°¢,
:.fViSCOSity: Mbderateelow
. Texture: Clay

thﬁ —174mvo;(uncorrected)

B 27"



,E‘ ) . - ‘Date: 7/23/65 k

Mud: 6.4

Bottom Sediments:

‘Date:  7/23/65

| Depth: 28 feet

_Time:_'»S:lS P.M...
Depth: 40 feet . .

_Watef: pH: 6.4

' © Iocatior: 41%30'58"N - 73°59'39°W -

Time: 5:30 P.M.

‘) ' . ‘Water: ‘pH:‘ 6.4

% . pottom Sediments:

STATION 27B

| ~ Iocation: 41°31'01"N - 74°00'04"W.

Color:. - Brown

~Texture: Silty-clay
- Viscosity: L0w~m0der§te‘

© Eh: | ~30mv. (uncbrrected)’

- STATION 27C

‘Color: Brown

. Texture: Sandy-clay

Viscosity: Moderate-low
‘Structuresi’-WOrms,_small clinkers :

‘Ehs:

f

-250 mv. (uncorrected)

ié‘zs



‘STATION 27D

. a ) O ’ n
Iocation: 41°30'56"N - 73 59'20"W

Date:  7/23/65
Time: 5:45 P.M.

Depth: 5 feet .

:Wafer:. pH:’6§63

Mﬁd; 604
Boftom Sedihentsﬁ- Coibrﬁ‘ _ Brown
. - /Textﬁré: Siltyéélay
31yiécb$ity:  M§deratéalow

- Eh: . =l46mv, (uncorreéted)

. STATION 28A

~ Iocation:  41°31'53"N - 73°59'Gg8"W
Date: . 7/23/65
CTime:  6:00 BLM. e

. Water: pH: 5.4 _ : BT e _;‘~»

- Muds 5.9
Bdtfom Sédiments: , ‘Colof?°'G%ay~bfown_
*:Textﬁre;  §iltyaclay
Viscosity:  Iow-moderate
Structures: Crass

;_Ehi ~IOSmV°I(Uncorrected)

- Depth: 5 feect

B 29
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‘Depth: 60 feet.

STATION 28B

Iocation:  41°32'00"N ~ 73°59'30"W

. pate: 7/23/65

A‘.Time: : 6:OO'P;M,

Depth: . 37 feet"

Water: pH: 6.2

. Bottom Sediments: Color: - Brown

"Viscosity: Moderate-low
 ‘;Texture: Sandy-clay
| Structure: Clinkers,ﬂ3" cobble =

fEh:'—i45mv, (uncorrected)

. STATION 28C
L o__.. o LT
Iocation: 41 32'15"N - 73°59'57"w | 0

Date:  7/23/65

“'Tiﬁe: 6:35 P.M. , o "’l".T."'f. . f g

Water: pH: 6.4

' .MU.d: 698

Bottom Sediments: Eh: nlBSmyo {uncorrected)

.o~

QB 30



E - S T ". . STATION 30
o S Location: - 41%14'21" - 73°57'43"W
]. " Date: 8/5/65 -
" Tine: 1:30 P.M. I
! | _Surfaéé Water: . pH: 6.5
. _»Wéter sample'W; taken

;Eottom Sedimen£é:' Colof:' BrOQn
e o - _-J .;;'Téxﬁure:“ Clay
i _ _f': -  ﬂ~':“::' _-   'ff .'ﬁiséosi£y: Léw
A ‘) o - _ ' odor: .‘Rubber: ‘

B Structures: Clinkefv S

.«

, ) S "1j,f~"~f.pH?"6.7
i : ' - I ':, , Eh: =-65mv. “(uncorrected)

’ '~ Depth: 66 feet

~

- C-V aropped from 62 feet

ceidew?

Cores: 'C—Vl.’droppedvfrom 60 .feet, 10 inch override

s



'::STATION.BlV
;Loéétioﬂ: ‘4loi7'05”N - 73956'51"W
.Date; Augustvé,vléés. |
fimei ‘2:30 P.M.
Surféce Wétér:. pH: 6.3 ‘
_ Depth: 75'feét: |
| Bottom Sedimehts .Color?' Brbﬁnv4
. .Te#turé: .Clay
;?Viscogity:,ulow
_ Odof£_ None‘ |
7-Struc£uies: No@é_.

be.{G;s

Eh:“ +30 (uncor?ected)_g

.Water sample X' taken

. -/

.. Core: C-VI

[

.. STATION 32
Iocation: 41°18'12"N - 73°59'04"W
Date: --8/5/65

 Time: 3:30 P.M.

-,ffﬁéter Sample Q taken at mid—chanhél béneath the Bear Mountain .

/. Bridge _ g

. B 32



Time: 3:53 P.M.

o S -~ STATION 33

Iocation: 41°23'25"N - 73°56'58"W

. Date:  8/5/65

PP

Iocation: 41°27'19"N - 73°59'37"W
. Date: 8/5/65'

- Time:  4:17 P.M.

STATIO 3

LoCation:‘ 1035'10"N - 73 57'23"W

Date:. 8/10/63 '

Times 12:00 P.M.

Sallnlty Proflle.

. STATION 34

"~ . Water sample Y' taken 100 yards west of Pollepel Island

‘\-/. . .

_ Watet,sample Z' taken in front of West Point; surface sample

- -

~

: Depth (ft )y ConductJVJty (mllllohms) Sallnltxr(o/oo Temperature Q(

1 L . 0.54
1 - 0,54
13 g - 0.54
16 . , 0.66
19 - . - 0.67
22 : B 0.40

Depth to bottoms 25 feet -

B .33

0.33

- 0.33
2.0.33
0.40

0.41

0.40

25 9

24,98

- 25.0



. .25

ot . C-VII,

'~ Date: . 8/10/65

S Time:.. 2:00 P.M.

. Saliﬁity'Pfofilé:

Depth ~ Conductivity

STATION 36

1
13

19

- 37

/

Depth!to bottom: 40 feet

" .Cores: c-v:rul

2

S (fE.) (milliohms)
T 118
1.90

' l.96A

""TLbcation: 41031'07"N - 74§b0-09"W-

-‘Salinity ' Temperature

~Aofoo) - . __(%¢)

1.0s - 25.4
©1.15

1.21 S 24.9

“.rli25 H :‘ | 5.24f8 v

B 34

1;25" 
125

.30 24.9

et o

dropped from 4 feet akove bottqm;;possible 12 inch -
overrride Sl ‘ ' :

dropped from 2 feet above bottom



- STATION 37 -

Tocation: 41927'02"N - 73°59'55"W
Date: - 8/10/65 .

Salinity Profile: Takeﬁ §t Station 37B

_Depth

Depth: .

Iocation:

Depth:

'Conducfivity  Salinity
{£t.) (milliohms) gOfQO) .
1 Py 1.73
4 3.0 1.75
U s 1o
16 3.57 2;16
'52-f”" 3.7 2;22-
iéé'ﬁ: 3.88 2.32
34 4.14 2.46
40_ . 4.2 2.5
Cores: C?VfII Iocation: 372 1 41°27700"N -,74°¢0'176w'
| | vDropped from 24 feet
'_bépfh:xl27_f¢et |
C-1X Iocétiop: |

378 41°27'01"N - 73°59'55"W

.Dropped from 41 feet

45 feét

Temperature
(°c)

25.7

25.6
24,7,
24.5

' 24.6

\
!

)

37¢ . 41%27'12"N - 73959'17"W

Dropped from 4 feet above boftqm;jnéar :

waterchestnuts

4 feet

B 35



' STATION 38

. Location: 41°13'18"N - 73°57%06"W
“ ' Date: . 8/12/65
Bl . Time: 1:30 P.M.

Salinity Profile:

Depth ‘Conductivity o 3-Salinit‘-' | ?  Temperature'?
(ft.) (milliohms) L _(6/86) ) (°c)

A ess o aae 26.47
.4 . 8.95 o o as . zsos
I T - 8.949"> "-’__',;_4.9_5_' ce T |
p 0  _. 9,2§ o 5.9 . 25.00
16 S ‘10.5'0‘_ - - s.e8 . N 25.10

~.

| 19 10.50  -~_-5.-_98 e
. : 22 : | - 10.54 . 6.07 . 25007
s 106  eer

3.8'- 0 10.s4 '. g 6;0_8 . S 24097

| ‘/\) o 10.59 _,  --~_5.-98 S

1ose 10.60 - 5.67 o 2sa3
_ Depth to bottom: 37 feet e S

. Near Staﬁion 16 of 1964.sur§ey;T”

+
P4

Sl

§ ' ' ' ' 'Bl36



| STATION 39

" Iocation: 410415"'.58"N - _73058'05"w"
'. " Date: 8/12/65 = .
..HT'ime':.- 2:00 B.M.
o ‘Salinity Profile:

Depth ~ Conductivity Salinity. Temperature

- {ft.) (milliohms) . -  _(o/oo) - (°c)

. N

-~ S S o :t??ii'ﬁ*1]f°w‘*'f;ff?” _—
& 1 e UG

23 g8 . 4l . . 24.9

19 | - ,. . 8.32 _‘ 1 4.76 e

25 0870 . 502 - 25003 ~

~

‘ 31 0 seas3 . isz31 25,03

’ 37 9.5 C . . 5.45 24,99 ¢
I R 40 o1 | - ._5.'4'5:' - | -
‘) e 9.55 . 5.5 ._-_A2.5'_-01
5 a6 9.56 BN o D
a5 9.68 o ‘s.'s.3_'_. o 24,99
' Depﬁh to bottom: 52 feet1.. i " “ ,:-_' {é
- Cable angied about 45° to water surface aé(fésﬁltjAf upstréaﬁ cﬁrrénﬁo

o

Near Station 15 of 1964 survey.

‘. j o o g B 37



> Date: 8/12/65

Time: 2:30 P.M.

" STATION 40

‘Salinity Profile:

Depth . ‘Conductivity

o

"‘?\" T
w 16

5f25 '

o 34
o - 43
‘ll.f.*' 49
| s

61

~ e

‘IVJ' N

B B

88

-

4

1 .
o .22

EC IR RS EERPX REPX BEPX IS P S SR B SR SR I

-Depth to bottom:

(£t.) . (milliohms)-

22

20
.20
22
19
a7
.17
17
.27
.35
.36
.38
.39

88 feet

-

Near Station 14 of 1964 survey

‘B 38

‘ . Location: 41°18'02"N - 73°58102"y

Salinity
(o/o00) -

4

S N N O e G G SRS

.08
.08
.01
o1
o0z
05
.03
.03
03
.09
.23
16
.16i

.23

\Tem

perature

(°0)

25,
25,

25

25.

25.

" 25.

25,

25,

.25

25.

32

21

.21

20
20
29

20

13

.01

02



| STATION 41
Loqadion: 41°20'50"N - 73057'45"w.
Date:i 8/12/65 B
Time:. 3:00. P.M.

Salinify brofile:'

~ Depth . ' Conductivity 3 Salinity ’ Temperéture
(£t.) ' (milliohms) (6/00 : L (P0)

1 . 5.63 32 . 25.54

- - A 321 - 2475
575 . 3.29 . 24.75

25 T

‘o

.29 24.76

34 .82 32 - 24.76

43 .90 37 24.76

52 .01 45 24.76

61 11 .45 - 24.72

" 70 .58 75 24.72

79 .73 .82 24,74

88 . 75 .81 24.78°

o o o o o o o o
Wow W W W W W W W

07 .82 88 . - 24.76

(end of
cable)

Near Station 13 of 1964 sufvey.

B 39



R e
Loéation:‘ 41¢é3F;éﬁN ;Yé3557307th “
Date: .8/12/65’ e ~1;n~»' -
Time: 3:30 P.M,

S§1ini£y Profile:‘

Depth | Cbnductivify_ } . Séiihity ,:ﬁ“Tempéfafure
(£t) - (milliohms) = = (o/00) -(°0)

1 484 2.8 2504

‘34 55,

70 3.29

2
2
s
i
.52' 3
3

58 70 3.28

eied

B G R I T S S TP S

70 .28
Depth to bottom: - 67 feet - - .-

Near Statioﬁhlz of 1964 éﬁrvéy;;q_



(ft.)

. STATION 43

Location: 41°25'30"N - 73°58"14"W

Date: 8/12/65 - o

" Time: 4:00 P.M,

Salihify Profile:

' Depth  Conductivity - = Salinity
(milliohms) .- (o/00) .

¢
e

1 , . 3.69 . 2.16

.10 .45

13, 4.19 .43

19 24 .51

25 .36 .57

31 37 .57

NN NN

37 40 .59

N:g

43 40 .59

.69 .

w .

52

T S N O

44 -

58 474

e

Depth to bottom 58 feet

- Near station II of 1964 sgryey .

 STATION 44

Location: 41°27'04"N - 73%59'37"W

. Date: 17/29/65

Time: 1l:00 P. M,

Core: C-IIT

 Depth: 42 feet
‘Dropped'from 35 feet
Override of 6 to 8 in%hes

- B 41

Temperéture

(°C)

.78 .

:25;47J
' 24;
o,
24

-
24,

89 .
90 .

94

.80

80 "



STATION 45

,‘ ' Location: 41°25'28"N - 73958 '33"W
gﬂ Ny ' Date:  7/29/65 '
§ ‘Time:  1:30 P.M,
f Core: C-=1V
; Depth ;47 feet
Dropped from 40. feet : :
' P0531b1y up to 18 inch overrlde
i . B %”'- R - .
_ > .. STATION 45a
.  Location: 41°24'29"N - 73%57'45"N |
‘ “Date: 8/24/65 o |
| Time:“IO:iS;AEM, .
" Core: XI )
% : : .~ Depth 74 feet
P - < Dropped from 72 feet : :
. S Approx1mate1y 3 feet of sedlment recovered., '
_ _ .STATION 46
Location: 41°25'39"N - 73°58118"W .
* Date: 8/24/65 '
4 - - o
/ Time: 11:00 A, M,
% Core: XII
S ' . Depth 74 feet .
- - Dropped from 70 feet
Override
y , XII
: - Depth 66 feet
h Dropped from 63 feet
Almost 4' recovery
A

NP



-~

© * STATION 47

Location: 41°28'23"N - 74°00'30"W

Date:.
'Time:’

Core:

8/24/65

'11:30 A.M{f..

XIII

Depth 40 feet

~ Dropped from 36 feet

Override slight

XITIp

. Depth 40 feet -
" Dropped from 38 feet G
- Approximate 4 feet recovery

S Dateu”
Time:

Core:

?f D§te:
Time:

;. Core:

‘Location: 41°28'22"N - 7490071°"W »

8/24/65
12:00 P.M., -
X1V

Depth 40 feet ,
Dropped from 37 feet

- Override 2 to 3_inch _

. STATION 49 -

Location: 41Y28720"N - 73959'26"W'
'8/24/65 '

12:15 P. M.

v 3
Depth 6 feet

- Dropped from 6mfeét,

2 feet of core

B 43




AN

Date{
Time:

" Core:

_Date:
 Time:

Core:

Datei
Time:

Core:

12:25 P.M. o

STATION 50

‘Location: . 41°31'06"N - 73 59'20"w
8/24/65

©1:30 P.M.

XVI ,

Depth 8 feet
Dropped from 8 feet
18 inch of core '

STATION 51

~uocat10n 41031'04"N 73 59'57"w :

-.8/24/65

2:00 P.M.
XVII _
Depth 34 feet

- Dropped from 29 feet
. 4-1/2 feet of core

_ STATION 52

.Loéation- 41°31106"N - 74000'20"w

8/24/65

XVIIIl

" Depth 34 ieet o
" Dropped from 31 feet

Override 4 inch
XVIIIZ

Depth 34 feet :
Dropped from 32 feet

‘B 44

T e’ - .



STATION 53

‘- . Location: 41033'10"N - 73058'47"W

Déte: 8/24/65 o L
Time: 3:00 P.M.
Core: - XIX v -

- Depth 47 fee

Dropped from 45 feet
4 feet of core

oo



gt amavm bimm fonom b it e

~after adding 2 drops of mixed indicator{

! calculations

- me in aliquotvx 2
s - . .

exchangeable bases estimations.

 APPENDIX C

A. Cation Exchange Capacity

)

" Bottom Muds Containing Free Salts and Shells
_Procedure

Transfer mud, sample to large dish and mix thoroughly. -Weigh.

-into dupllcate 250 ml beaker, 15 grams of wet sample. Simultaneously,
welgh out two samplec into a tared beaker for m01sture determlnatlon.

._Place~these samples into an oven at lOS-C

>

L. To: m01st samples add 50 ml of N (pH 7. 0) NH4AC allow to stand

- overnlght and transfer SOlldS to a. funnel with fltted fllter paper

(12 5 cm. Whatman #40) - Leach with small portlons of NH4AC until pH

gvof flltrate is the same as that of the dlsplac1ng agent (NH AC) Wash.

- with 150-200 ml. of neutral 75% ethyl alcohol Dlsplace adsorbed

NH, with 500 ml. of N Nacl and save filtrate. Dlstili'NH4'from‘a1i§ho£-

(250 ml.) by addlng 25 ml of 40% NaOH salutlon a‘pinoh:ovan:aust

" and trap»NH in 50 ml of 40% Boric. Ac1d Titrate with standard acid

-3

Vi

CC's of acid x N me in aliquot

total me. foroary weight of sample;_calculate to me

per 100 . gms. dry sample.

ob

. Save solids from m01sture determlnatlon for N organlc matter and

~

Combine, grind gently in agﬁotar, screen using a sieve with opening

1

0.5 mm. and store. : ' _ L .



(..

4

§ .

. : * ’ .
B. Exchangeable Bases in Bottom Muds
Procedure

.Weigh out duplicate 5 gm. portidns'bf driéd_mud, placé on a .llcm.

. ﬁhatmaanilter paper fitted into a-giass fgnhel'and set into a 250

volumetric flask. Wash with,distilled”water until freé of Cl1l™ or

._until mud»begins to disperse.,:Discard'wéshings, clean fiask and
-displace exchangeable bases with § NH4AC?(pH 7.0). Collect 2-250 ml..
- of leachate per sample aﬁd.designate as- 1 and 2. Deterﬁihe'ca,)Mg;

'etc.,‘in each leachate using atomic_absofption techniques;’rThenf'

- K in first leadchate = EXchangeable-K
Na in first leachate = E#changéable Na : I L

1

Ca in first 1eachaté - Ca in second leachate = Exchéngeable Ca

~.

i

‘Mg ‘in firSt'leachaté'- Mg‘in second leaéhate' Exchaﬁgeable ﬂg

Calculate to me‘perfIOO'gms}'of 6ven.dfied material.

.
~ -

*ji.e. displaceable by NH, AC.



'C. Organically Bound Cations in Bottom Muds

* Procedure

. Welgh out 4 5.0 gms. portlons of ovenndrled mud and place in a

glass funnel fltted with a 12 5 cm, Whatman #40 paper°
B Remove. water soluble catlons by leachlng 5 O gms.-of oven=dr1ed

mud w1th 250 ml of dlStllled water° '-- S

Take 2 O;.the samples, place in an- evaporatlng dlsh and 1gn1te

.

%‘ Algﬁ .contents for 8-12 hrs. at a temperature of 350 400o ; Cool,
vdi;>”, 1tran fer to glass funnel fit ed wrth lllter paperfﬁ Designate these
| | ,samples.askliand 25 _The unlgnltedlsamplesparefdesignatedlas 3fand{‘
| .'Ieach all samplespmlth 250 ml.7of;§;pn 7;0?§ﬁ4ACiand eollectf
‘ . filtrates an."d "designate as leaehate Ac._. ::liepeat"_ leachlng and designate
:seeond as B. o i | | | e
.ihén:- -

o~ 1. Determine Na, K, Ca.and Mg in leachate A, The Na and K-

] Lo 'vaalnesvrepresent exchangeable‘ionsar o 7id;i
2..;DeterminelCadand Mg in leaenatevs'anstubtraet'valnes found
o :t ~1pfrom valuec found in leachate A”to‘de+erm1ne exchangeable

S :'fCa and Mg°

- Cc3



3 . @ e o
. ~;) X _2 __/ . ,;.:.;, }. :‘ .
: i APPENDIX D BN
k i L :
. /HUDSON RIVER BOTTOM MUDS
Particle Size Analysis (mm) ,
' Summary of % by weight =
Station t>2 1-2 1/2-1 1/4-1/2 1/8-1/4 1/16-1/8|1/32-1/16 1/64-1/32 1/128-1/64 1/256-1/128 | >1/256
(1965) | mm mm ' S , ‘ e R R ' 1 mm.
‘SAND ; SILT CLAY
1 7.2 2.5 2.8 4.1 15.3 - . 4.0 17.1 10.8 . '36.2
2 .9 .6 1.8 1.2 42,3 12.6 ° 10.6 14.6 15.3
'3 1.1 .6 1.1 0.5 8.7 7.9 17.9 16.4 45.5
5 48.4 17.9 '11.9 5.9 ' g ' .3 1.8 12.4
6 19.2 22,4  30.4 9.7 _ o S ' .3 18.0
7 .3 .2 .3 1.2 . o : 19,00 15.5 55,2
8 6.3 2.7 3.6 5.2 11.0 ©15.9° 1 15,2 9.0 '30.8
9 . 17.9 2.7 2.7 2.5 8.2 6.5 . 18,7 6.3 34 .4
10 ¢ 11 I R 23,5+ 9.8 " .16.,6 ° . 8.3 41.0 -
11 o Tr. Tr.o- S D | | 8.8 14.5 . . 17.2- - - 13.6 45.5
12 .6 .5 1.6 10.5 . 8.8 13.9 14.2 10.4 39.3
13 1.2 6 1.0 1.5 15.2 11,8 - 16.8 °  10.8 41.0
14 - A D | 1,1 0 2.2 5.5, . 12,5 . 18,7 - o 17.2  45.5 .
15 .2 .2 .40 1,00 2.5 . 18,2 - 23,4 3.3 50.7
16 .8 1.1 2,0 .2 14.0 . 13,9 . 17.5 15,0 35.4
17 1.2 1 .1 .2 10.5 13,2  .-20,2 29,5 25.9
18 < . 1 Tre. 1 | 3.4 ~15.8 18,9 . - 16.2 45.3
20A 6.2 . .50.5 20.0 - 5,8 .2 .5 1.3 . LT - 14.5
23A .1 ! 12.0 - 47.7 - 22.8 .8 2.1 , .
23B 1.4 14.1 64.6 - 8.4 L A I 10.2




P “ . . . . K A .
rdind o T “

! (cont'd)
~ Station >2 1-2 1/2-1 1/4-1/2 1/8- 1/4 1/16 1/8 1/32-1/16 1/64-1/32 1/128-1/64 1/256-1/128 | $1/256
(1965) mm mm , . _ ’ ‘ IR L mm
" SAND ' o - st - ' CLAY
- 25A : Tr. Tr. 1 .5 23.3 25.0 44.5
26B .6 .5 .9 6.7 . - 18.6 - 14.6 47.3
26C -3 .4 .8 1.0 .8 19555 20.6 . 15.6 409
27A Tr. = .4 .4 5 3.4 19.¢ 16.8 - 15.9 42.6
278 .5 .2 .3 2.7 . 8.7  .14.7 16.3 - 7 55.7
27C .4 .6 4.4 7.6 .6 14.3 11,0 13.2 47 :7
28A .3 .1 400 2,90 2.3 14.5 - 18.1 14.5 1 46.8
28C ™ O Tr, 100 1.0 .3 18,7 18.0 20.9 40.9
30 1 Tr. W5 .. 2.8 - 2.0 -15.2 ~©  16.8 ~14.s6 47.9
B3l w16 LT 23 7. 1.8 " L 14.7 13.2 | 48.5
- 46°Top*l - - .1 ‘Tr.. 1000 .8 S ' f 52.1
Middle 2 o . o Tr. .5 ~19.5 15.5 51.4
: Bottom 3 Tr. Tr. - L2 1.3 . 16.3 14.5 51.8 .
48 - .1 .3 5.1 4.9 22,5 ' : 47.9
52 7 .3 .3 3 .8 . L 22,8 8.9 58.0
52 8 .3 .2 .3 .6 ©22.4 13.4 59.6
a .
~D 2
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