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: iﬁtfddﬁétion .

. changes accelerated, as a result of man's activities. - |

process frequentlir int'e_rfere's with the _’rﬁﬁltiplau}gsas of Water,' )

. : source. - -

Hf'By G Parry Howells o v. S

"The efficient exploitation of water resources depends on

-the co-operation of industrialist's’,} eﬁgiﬁéers_,, séienti's.ts",' cdn-_ IR

"éétﬁatiqais_ts'bgt- abdvé all, of people who crpate the demand for

'-;Bdth Cléari watef 'a‘nd‘ its use'as a carrie'r' fo’r waétes. " The dehcate '

-‘._balance of bloloclcal chermcal and physmal fact01s m an aquatlc

N ARG

o The development of an _a.i:'eai_h _t'e'xfxthS.'o'f' population aﬁd ins

_‘-:itisfria.l“gro&t':h, 'oi'v of ihten.sified _agi'iAc’u'l"tur'e,‘ or_""fivei'i:t::'"cle\rcl'o'p?

- by ﬁutrients, and sometime_s by heat, , '_;_L'his accelaraté's' the. =

xiatu;‘a.l a.ging of'wateifs ‘which is called "eutrophication!. . T_hi_s."f

reduces its aest»h.e'tic': value, and th;éaten_s~t6_deétroy'€1;e‘ water .

Loe e .

'Euffqg.)11i"<:.ati‘oa is still i1nperfec't1y‘und¢r'stood aﬁd':difficult ’

. -..to measure in quantitative terms, although'we recognizc some-

g D

Ko

fn-._xe_nt" 1s always a.ccmnpanled by the eny 1chment of water bodleo : 



.
°.

'.oz' eplcures, or even by b1olog15ts

: the excesswe productlon of phytoplankton and of rooted shorc

SN

L ':d;evelop ﬁneccepteble tastes of, odor“s;gto drinking \y""
"me;y‘oé.rrybltl1roeg11 to food fish or shellfish.li{ring in this en\}ir(m'-_

e men't.."~v:'1"he‘a1gal growth may cven vpﬁroccod so far that it c"r'c_é.tcs }

e aspects '.suc':h‘ as the ireauct'io_hv' in clllariity of tﬁé;,\ve.ter,._the dc'velc,-pv—“ﬁ' -

'fzﬁj;i.éh'_f.Of ,"pla'nt."growths‘,_ and even th.e_‘ productlon of uhdesirable |

.~ o - . ., T LT e T

oﬁfiors or tavs-te'sf." _Eutrophicatio_n may or mayﬁhot bea d'esir-a.ble

S

jd'ev.e;lvopm‘ent. C Itis a process which increases the productivity

of matural waters and this is utilized in the establishment of

phication, the restlting fish or shellfish may be valuable only in~ '

.-Pla'ces‘where th’e‘ criterion for success"l‘-i‘s mea‘suJ-‘A‘?.dwi;,f.1 terms of

,‘.--ijrotem welght (for food) rather than quahty ‘ T_hefinost s'\icoes.sfu'l‘i

N

"-_'_spemes cultured 1n th1s way are rarely those prlzed by f1shermen o

_-_jOne of, the obvious results 'of ad(v-a.n.c'ifﬁ"g .eutr‘ophic‘/a:tiorl‘ 1s |

; .?>.‘. ?

--plants. ' ’I‘he g1 owth of the°e organ1<ms mterfercs W1th thc o
'“'..."'recrea.tmnal uses of the water, 1t may 1mpede sh1ppmg, 1t may

fproduce f_iltration problems. in 1nduslt_r}1‘a.bl wate‘r use.r It mﬁy‘ay_alsoi o

er which

-a biological oxygen demand in place of oxygen production in

. ~




‘ L :_-:‘ .'_'..c'ovnd‘iii.dns of low light iﬁten'sitir,han'd n{a;y, by bl'a'nkcting.the sur-
Lk* - ... . face, prevent natural gaseous equilibration of lower waters with ~

©e .70 T.oxygen in air. In addition, some algae can produce substances

.A'l_i‘;?-hic:»h,_aﬁ,vll.'e‘. directly toxic to fish or othér animals.

vUnderstandmg the deveiopmen"; éf;{eﬁtrdphié_a‘ti_o'n of any - o

::xatufé._]. ,qugr of w;t<ef'reQ1iiii;'és _i;lfb;‘fhatioﬁ a.v‘tv)'ovi;t ph’ysi;;ai a'ﬂ'd"‘ T

chemxcal propert1esof thepnmary water supply, and of any A

‘organic ma.ter1a101 toxic matefials 'Whiﬁch' are' added to it. It is -

a.lso adva.ntageous .to havesomeknowledgcabout th“e‘: whole of the _‘ o

éf;inage basm a{xd of its geology an.d‘ éébéhgmiét:}y é.rid of 1ts ‘ .

‘land use.. Then, it is most important to identify biologically the
'.f..b"_.ig‘t_a' of -th'é' water _body_ a.ﬁd to study their mitr__,i_en_t? r'e'q'uir eAl_'.hjénts ,

N
v

: the1r ‘behavior to toxic materials, and their relationships to.one -
.-~ another (as in a food web), as well as the dynamics. of the whole

.’ . ecosystem in terms of nutrients. This is a requirement of per-

o ;_féctio.n. and it is doubtf,ul_'if'wé' will ei_rei' ‘gain as much };noi,vledge o

as we needabout evena fow small and 'dy’r'xé.mic_a_‘ll'y- simple ':bgldiesl.'gii"’L-

" of water. _'-.Usuéilly_ it will be necessary to make decisions about -
/ o ;Wéfef use and water trea.tm'ehf on the basis o!.i_‘g'r‘os sily‘,inaldequa{(te
: " -  o ,“"._;_“-kn'owledgc and we have to trust that our genégalizations. will suffice .
. . - ." ..' . v.(*‘ . - . e ] . "'vr_’ . . L "‘~ . N = . . ..“. ) ‘ . . ) -
- for predictions about most waters. However;-the Hudson River ‘
- is of such importance for il‘av'igation‘,:__' d'or'nostic-and'ihdu‘stri.ai.:lfwater_'




‘\J’ " iuse, as well as for recreation, that it is imperative that we know .

. ,--»r‘nb‘re" ahput_ its _speci‘fic:‘pre_b.'lems. -

e '._4.1,:::z-f‘§p-ec>ifi‘c‘ Problems in the Hudson River °

.IQ;ulti hke to put f'orward-the \-/1e\“rv. that. avl‘arce partof the |
'lower Hudson Rlver has the cha1 acter1st1cs of a. eutrophlc brack-
__1sh lahe, the h;'dl‘ograph1c.cend1t1ons:may prove er1t1ca1 1‘n. the
:'blele;u‘cal sense’. ‘A“At“.a t1me when -1r.'1c.reas>mglpopula‘t10n 1ncreas;ng

. J

jflndustna.hzatmn and the concom1tant r1smg demand for water N

rfor _a.11 purposes'is an inevitable cou'rse' in’ the Huds'o'n Riv’er ar"ea

f.’j-remedres in the r1ver are all too 1nadequate

'I‘h1s laboratory bewveen 1964 and the present has been

-'/ C :A-.‘-,ﬁ‘_ AR

.. R . . . . . . ,‘.
P T . . .

{’__ TN R followmg changes in water quahty and b1ota over a 100 m11e strctch

5 of the rlver roughly between the Tappan Zee’ Brldge and Inweed R
t * 1n the south and Coeymans in the no rth (1 2 3) Th1s“study has
| | o the p\trpeee of estabhshlhe an 1nvehtory of plant and ammal Spccme |
. } ,of documentmg the b1010g1ca11nstory .of‘ the regxon 1n a tlmc of
L change : and of 1dent1fy1ng 1nd1cator spcc1esof eutroph1cat10n01 |
oo pollutlon anct 'a‘l‘so.th'o‘se whlchm1ghtbcuscdas rhohi-to__r__e .'c‘>zf pot- ‘

| - entlallytomc i)oillutant.e. ..Cenehlirer.lt.e;ted‘ies havc bceh*madci_# e

' of stable and radioactive contaminants as well as pesticides, in

" . e . B . N Ll . : R .
. )




" rh ey o sy it 3 Srabig oy o
; 7 e

7 ‘ SR is a massive tidal flux. The flux is so-massive that at the fle_od“

‘ ; S - 7 the river water, sediments and biota. -

. "4-"?;'-"1'hei‘s_._t;"etch of thé ‘riv_er investiga.ted has the physical char-

acteristics of a-_"drbwned river" and its channel can be traced

lwelll out irito the Atlantie At the northern hn:ut of thc estuary

(a.t Troy) the rlver bottom 1s st111 4 feet below sea level In the "

< e

sa.hmues varymg fxom a.bout 23 °/oo to 10 °/oo (2/3 1/3 SW)

and then "ohgohahne" from 10 °/oo to 2 orif3‘:v. /oo (1/3 1/10 SW)

.A:,skthe se.’a"water -pushels 'uplthe mlxtcr at fleod t1de 1t tends to form |
awedge ”o‘f. dehsef sahnewater e.t the‘je,het_tom ei.'_the‘xji‘\(er bce.
- Since the Hudson River is deep (3100 fest in some parts), this _
Sk wates anouta i s i o, s S iy s
].atweltr sllght (( 1 2 /oo) d1fferencve 5 have been eeen ana )our .'1 i

.'-~'A;'-.\."‘ conclusxon is that the wa.ter gets well mlxed in th1s part of the |

. '.'i"i"tI.'he fres'hw-ater'ihvfio":\; i.ntcs. th"e.'ri.ver“at "Tr-oy var.ies fi'om -
: 25 000 cfs durmo the sPrmc 1unoff (c g May 1966) to a mmlmum

1600 cfs recorded durmcr the summer of 1965 in a drougnt pcrlod

/ o :_"'7 (Ref. :_. 4). , Super-imposed on this, ,dwarfing“‘the“f‘re_Sh Watc: flow “v o

-of "spring tides" in the summer therc appears to be no downstrcam

ireglon studled the lower part ma.y be termed "mesohahne" w1th ;

o



B ﬁow ih'the .river _a:t'all ThlS ha° becn demonstra.tcd by dye o

_ O K . 8tud1es whcre thc_ d15t1 1but10n of addcd dye 1n the river was

followed for 14 txdal cycles (1 weel\) At the hcad of the t1dc
'iat Troy, thc tldal exgur smn wa.s only 3 m1les wh11e the veloc1t;“ ._ |

of net movement of the dye ma.»s downstream was 1 m11es/

;.tlda.l cycle Howeyc_r, at chrston and stat1ons south of thls

..‘-,-._depth)'afndthe fairly-low salinities_ r\e’corded_ ‘at Inwood (frorn' | |

o o - . ) s o [ L o" '».-. o ) C, :
-1 "/oo.during spring to about 10 /oo during the summer)
‘ SR 1 7 suggests that the n_et i'nf_lo\SI" of sea Waterdthrmough the Verrazano e
Na.rrows is also small. What we a_.ppear_'to. have is a selche- B

hke moﬁement of'brackish water, trhpelled-by the‘zoceani tides_.

'I'he 1mpllcat1on for pollutlon and eutrophlcatlon are’ clcar thlS L

la.rge volume of water (at a guess 150 m1le.> X 1/4 nnle x 30
’ feet) 1s beha.vmd as a bracklsh wate1 lake rocl\cd north and south

LR

by the mfluence of the t1dc : The_“inflow is_ sufficieut for\;only
| : 1/2_1_:o 7%_to be- exeilanged cach day, : assu'n'iiﬁg nor-evap'or.etion or

.. rain and no apprcciable volumec of inflow from tributary strcams. o

i _Hence efflucn‘ts’ and nutrients 'di.schargcd i_r'xto' this.brac-:lgish lake .

e,




: b;ota until irreversible en_trophic oonditivo'n's are reached, with

“f];i_ttle'oi)portnnvity‘.for this volume of__\{;ater to be cleansed by

-.either a freshwater or sea water inflow.
oo ‘ C el . \:_': ) T -

hlgh ooncentration of'nitrogen and phosphorus‘into the 'lower_

- ~"silv_:irll,A“-'a.s_‘in'a'_‘vcru'e :laice, be rec"irculate_d hctwo_en the ’;;/ater ana,tllc '

The -frcshwater in.flo_w“ at ':.L'roy already .car'ries‘ a reiatiVely |

Z'Hudson R1ve1._, A large quantlty of treated and untr eatcd orgamc "

s ..

".sewage 1s added dally, the peak belng from Albany to HudSOn,

oy

' rnd near Manhattan ' A study of the total phosphorus in the Huds on

7'shows that there 1s a max1mum conccntratmn of 12 p.g atoms /1
"at the southern t1p of Manhattan Of thlS total 70% is present\

e "’.f._as morgamc phOsphate 16% is present as pa.rt1cu1ate mater1a1 o

),

".‘.'~__:‘-,‘(.1nc.orporated 1nto plankton) and 14% rs present as dlssolved orgamc_"'-
V-'f;;_"f-‘phOSPhorus (Ref 6) In general, it.is rep01ted that. the total
| »phosPhorus in river water is hxgher tian that. of lakes but this
va.lue .1‘s_>hlgh by ’any. rneas'u:re._» : Lal;;ea\‘.,Washlng‘ton (Selattle), ‘\A,\.(here- ,
v.j_j eutroph1cat1on 1sslowly bemgreversed bir ai".ﬁéc::ostlly sewagc | |
_.d.l.v.ersAlon,‘ has a‘vph‘osphorns concentratlon of ‘1 5. pg atorns /1
band it has been stateti that 2 -8 p.g atom/l is the app1 ommatc upocr
.: .‘hmlt of unpolluted water. A thcorctlcalrela’tlonsmp 'has bcen | ey

: deduccd th'xt oxyo en demand- oxygen supply from photosynthesis




" when there aré concentrations of 2. 6 pg atoms/L in winter, snd.
L7 g atome/Lin summer (Ref.-7), On this basis, we might

expeCt t'nat mtheHudsoaner\, a.t lcastm thc stzetchsouth of :
A.lbany, and 'afo{xnd Manhattan, w her e phosphmus levelsar e_“.hig.h,:

— t"hare.wiil' Be: né_t »oxyg..én de.pleti.611; |

in field studies.

'I‘his has been demonstrated

Slmllarly, _qiffogéa ieyeis ..a:r..e high,. .a_.-llt.h'{)ug‘h all 6f:-_t'h'i's. -

nut_l;i:ent is not so ¢1éar1§' derived from vdd’rﬁést‘:.ic{ .s‘i_ew’a.g'e'i.v ""C‘on'i}_alzeté'
- -analysis of the nitrogen cycle is considerably more difficult than

the phosphorus cycle because the nitrogen-is present as nitrate, -
;' mitrite, and ammonia nitrogen, and’the effects of nitrogen fixation
*- or denitrification by bacteria also complicate the picture. Nitrate -
.- in water can act as a reserve of oxygen, even with appreciable -
_concentrations of dissolved oxygen; in anaerobic conditions nitrog:n
.. . compounds are reduced to ammonia or even to nitrogen. The -
i+ .eycle is complex and related to dilution, oxygen and temperature.

<

Slmlla.rly .su.lﬁhate“i‘s reduced to sulphid’és by bacteria .in.an_aar'pb"i.c "

.

PITETR

“- 7 . or near anaerobic conditions.

AR """ The relatively high sulphate from sea watér intrusion and

. .:':“-'nitx"atg both from added séwage.and feeder .t'i*ibutar@es in the I‘IU..dS.OEIm

.. River means that anacrobic.cr near anaérobic conditions may tip

L eve
- & "




-~ "the balance betwecn a healthy river and a noxious one producing

- hydrogen sulphide and ammoniacal gases.

Biological Developments in the Hudson River .

' TheHudson River is pqtenfi'ally*:ich in bielogicai re- |
‘sources. It has a large population of endemic fishes anda - . = -

O A

tremendous fﬁigr,é.nt p‘opulatien ‘ef';_die:_drehxou’s' fiAshe:'sv; i. e;_,' _-tl;ose‘

',species thef live"ih both the s,ee"an‘d’ff‘resh Qzater.;: ":-I't is ﬁn-"_ -

hkely tha.t the r1ve1 was evcr a salmon spawmng ground but

-{','a.nd a ser1ous attempt was made to 1nt1 oduce both PaC].flC salmon R

~

"'_:(:m 1873) and Atlantlc salmon (from 1882 to 1896) (Ref 8 9)
,_'-’.V._‘However, these attempts were not sALeces sful and the adults never )
s es_tabl‘ished a.'spawning run.' "The Hﬁdson’ in’ the pa;,st' has been[

'*f__l".:"fvamedfo‘r commercial shad and ’stur{;é"'qn fishing.

.- Again, therc was once a flourishing oyster fishery, now

-._~:,Zdl'es_tr'oyed by po'nufion; and while clams are é’é‘il’l pléntif'ui in -
BRI . e S TR _ L

§

':"4‘_'§Péropf;ate va.reas,' they are unflt ferbeu.xna‘n consumptlon beCause o
'.’A’of po'llutlon (Ref 9) On a' t"ﬁuch mo‘lf,e per'sonal level, r.nvari3.r5's'p.o'rtv
v / ;'Iflsherma.n who 4use the Ii{.udson fo.r then recrewtme sa.y they cannot
: ;;.e’at ,the celtel*i. bccaese ok it’s‘ unplveasa‘nt 011yf1av01 What aj_zjﬂe_’_the ° |
| V‘;ea.s.eﬁs f01 thlS dccluc" . .I_«‘lir.s__i;:,‘jt-lvlc éfo;x'th ef p-(.){-._)..g,lation. aind
_ .‘ ‘_ f industry ilas clvx.a;ngec{‘the iﬁhysii"cal eonc}_‘if'ien.s ,,éf the river by‘i%i‘n‘u-
‘ | --'peun-d‘"rncnts, ’ de.ms; dudgirg ahd 'si;p.i.].ai' _-worl;\':s.'.. .T‘hc‘n the usc .

'£§3\ 7' e j*:{L}-f;“agik\;?>sfz~'f' ,; _27; 1 ',77?;=}'?¥7:75fl*:' f5;V§

£




‘Cs Lo of river water f_ér.iﬁdus_tria_.l’ pilrpoécs has added some pollufanté.
Q "+ . A large and growing p'opfu.lléi.tion.iﬂ the area uses the r1vcr as a | _
:% drain for ,‘untreated or lprimaryl treated sewage. De\felopniéhf

_"‘."qf agriculfﬁral_lancls adds séwage asvwell as _'agric'ult.ural fertilizers

:pév'stici'des‘,'herl')'icidés.' These influences maY increase the

Wehave s&ﬁe historical 'ag:édun‘t‘sv of the abundance of fish ) Lo

B

im the Hudson, as well as records of commercial catches over a.”

o long i:eriod, but the bulk of our pi'e\fiqu's Jsc'ien't‘ific’: kiiov:/led‘ge'is

S ".'4_?;' from a sur\,cy puﬁlished 1n 1936 by the New Yo.‘rk'%S"ta.‘te Cér_‘x\sér.—/ |

' f',-:'ﬁ'a.fi‘or; Depaftrrieﬁt (Ref..i8)." »This‘i‘repovr't_-lists- 67"._spe.c'i'e's oflfish o

_ - 3 'fqr the lower H\idsc}n. " In 1965-1967, hq'W_eQér, | 14 spec1es were -
_ B most cérﬁmdnly g‘;adght and about ZO‘HO'ChéI_zi sPecié"s"_‘we‘re"fc",und' e

. @ccasionally.

*. “The commonest specics found in the earlier survey were

judged to be the ccnixnrnvon'sunfish (I;'epbn‘iis‘b gibbosus}), the common

- 7. sucker (Catostomus commersonnii), the golden shiner (Notemi-

..'gonus crysoleuéas) and the Johnnyﬁdarier' (Ethecostoma nigrelt).

.
oo

. T In our survey during the su_minei' of 1965 to 1967, however, the




e commonest spcc1cs, ove1 all were the blueback herrmg (Alosa'

- O - aestlvahs), freshwa.ter kllhﬁsh (Fundu]us dlaphanus) the northern,

._-"_.Asﬂver51de (Menldla menldla) and the spot ta1l sh1ne1 (Notrogls o

‘hudsomus) Some caution is needed 'in the comparison:_ -the 1936' a

J’une) survey used seine nets on SIiore an'vd gill’nets _midstream’, ) e

A:a.s well as othcr flshmg methods usmg 11nes and traps j Our
:'survey (July and August) was restrlcted to shore semmg on the B
west bank of the 11ver and these collectmns were p1 1nc1pa11y of

.,.youna flsh in the1r f1rst year - .A‘n_other‘ dlffererx_e_e may .he 1n the"‘ ,
"slight seesonal 'd'ifferen_ces smcemanyoftheyoung ﬁs._h_ s“a.thpie'_c-]" 2

. - e

:by shore seining belong to migratory specics whose presence and
.. abundance in the river is seasonal, and variable (in time) from

BN

o year to y.ear.' '

“With eaution‘, the ehezxg'es to'be__s"\'een:iﬁ"'{‘?}'O_ years seem to

" be Aa.j tendency for carp and gol_dfish_t’o be se_eh more bi_'r_eqt;ently,'} '

_:together with more migratory "herrings", namely silverside . = -

;;i'.}.‘é.rx:d'a._l'e{v.i‘fe. However, ‘the latter ‘}ﬁla'y' reflect the ‘slightly later .

©" 'season of our collections, rather than a changing’ environment. .
AN "~ Freshwater and brackish water killifish also scem more fre-.
._; " quently caught in our samples, but-the predominance of either - s

_specices at'any spccific. site scems to rcflcct-'their; distribution in-

P
¢
v




‘ rel"ation to_the“ salinity' ’gradient' i’nthe;, river'in each: year‘.‘ “In

N ;,'_general the number of spec1es found 1n our survey is less than

. in 1936 and thls, 1f real may reflect 1ncreasmg pollutlon

.'j‘ ..4 N

an alternate view. ~ The Hudson River has been exploited for its
fivs_h since the area“ﬁrst became populous. - The catches varied '

naturally year by year but 1n recent years, 1945 may have been A

peak year (m terms of tota.l catch) The f1sh1ng effort (m terms '

of boats and men employed) contlnued to 1ncrease untll 19-’15 beyond :

tendency of a vvea'lthy com1nunity to consume vless fish, but;is al-
so partly due to a declme in tne quahty of the f1sh and a dechne B
m the catch per unlt of effort The shad has been an 1mportant -

‘“"-:"‘.'food fish in the river since th‘e f_irst settlers arrived in the;'a"r_ea.v

/'.A"

i

2 »- In the Iong hlst01y of the shad flshery, thele were two perlods - -
B of peak abundancc, 1877 3901 and 1936 1949 The decline;'may

.f,be attnbuted to over- :flshmcy or to o;hcr causcs such as the rcst1 ic-

. tion of the spawnina grounds, the dcleterious effectc of dredoing

-ff(whlch desu oys spawmng sand banks) and pollutlon,' espec1a11y
’. ‘ g I.n the A.lbany I—Iudson strotch - Of all these vchanges,_ the_mOst

't"f'81gmf1cant‘ scems to be ovor-cxploitation of .the fishery since the

: ”:f;;.i;l,Z R L

'C{o‘m‘m‘erci_al aspects 'of the ﬁsheries in the I-Iudson River plresénts L

wh_l_ch_ there; ;s a dechne, A part of thlS is attr1buted to the gencral e



é.l_i'\'indan"ce of the Ifi_sh is more clo’sély'_i"elatéd'to thé'p_ropo:_:tioh"
._t‘)f'tii.tne' wh'e'n nets ar'e‘ fishing, ‘than '.t'g?a'-rly other féct_or.
s - ::St'l_'_,ip.ed bass is a fish ria.t_ive to the .I-VIud-s'o.n,‘ but while ‘s_omc

[
- A

i " are resident in the river, others move out to sea and migrate

-up and down the coast. This species spawns between Bear
-~ Mountain and Kingston. The population is underexploited in

‘the commerc1al scnse '_alth.dugh it is ﬁ‘pblpu'la.r\"a'si a;siilgrti:‘ fish.and N
H'e_;a.‘dult'_si are Wéll"_'ab'lé' to tolerate fh_e h1g111y _nv\_.x'_cz.'ignt,”. low. .
,cj:_ityge_ri waters of the“I:ILidson'. _»}It”deé_ér_\‘res""tjd be conserved; h'o'w-f'f_f.'_

ever, little .i.s'lgnown about the dpt.imttni brééaing and'hurséfy

} ..‘co'nd_itibln's for this fish.
.7 Sturgeon are represented in the Hudson by two species, the
" short-nosed and Atlantic sturgeons. '~ The latter spawns in the "

i'-‘:fI-'Iuds.on and spends its ju‘v’énilé‘ life. there (to 12 Year?)" a_nd“ié often

'”.'-;‘_,If..'r:ie_édlessl,ir d.est.royed'when it is cé.ught 'ir'lwcomm'er;‘ial gillé},ets.

' The other species is resident in the river throughout its life and -

; -'grc;\‘-ls‘_ nldre sldwly. - At one time'therq was a flvour_ishin'g,fishery _
f_brib th Stui‘gé_on and caviar but the:nabun‘d.ancé of the fish began

e to decline about 1875. 'Atteiﬁ'xpts' to .pr'épaga'te‘the fish by artifical
:'- R ) ;. _s_pa}whing t‘netliods have bcéri' ﬁnsuc'ccssfd_l._‘ Wh_ile sturgeon fis'hir'lg

-3

is now rcStrithd by a size limit, therc is little evidence of a




‘Q ) return of the ear_ly abux1dazxee of these f1sh In""add.it‘io‘h;, almost AI
O f'.'n'othing 1s knoWn about.—the effvec-ts ofpollution o'n the develolament .

"”_42'of the eggs and larva.e or of the stat1st1cs of populatmn growth

-of the sturgeon and 1t seems that thls valuable b1olog1ca1 as set

may be lost to the Hudson by neglect

Alew1fe and Blueback Herrmg are also mlgratory f1sh T

commg 1nto the Hudson seasonally . The_Se fish _are also_unex_?
p101ted although a good food source

o A. parauel dechne in the commerc1 1 she11f1sh 1ndustry is

éééh The bulk of shellflsh beds 1n the Hudson 11e in the Rarltan -

j_."Bay area and most of th1s has been destroyed by domestlc sewage
:"'_pollutmn | The‘stretch of the river between Ha’stings and Ossinin'ﬂ"‘- |
"-:1s thought ’co have some potent1a1 for oyster culture but sa11n1ty

here is fai_rly critical for the cor_nmercial-oyste-r speciés ‘and a
. year of more than average rainfall can reduce the river salinity "

at this point to less than the critio’a,].‘ level;_ )

¢ . 7 _ "+ . Invertebrates and Microorganisms

‘While_most non-biologirst’s .considc'r'"only 'the fish population
-'-:./ o -:‘ of a river,- this -represcnts ,onlir.- the.top of a broad—bascd_l_pyrarnid.‘

: T of animal and plant life. Nutrients in the water are converted

o by 'photosy‘nthet.ic activity to single-cclle‘d algae and diatoms, or by




" provides the food for young :_f_,ish.and larger i'n:{_rert"ebfate animals.

‘ <*’ ":bactefia. and these subport a population of plankton whicn in furn,

,'.'I‘he Waters of fhe Hudso_n are always t‘nﬂ:')id to so'niewdeéree';' n}hiie

- :_ sorne of 1ts brown co}or is due to sedlments suspended in the

f_wa.ter much 1s due to the presence of plankton The plankton
A"-'is 'c.ha'racte‘ris.ed by a dorhinance of copepod species and th}e_irg,_f

nauplu;.” gfazmé o‘n a-populatlon of bacter1a, c111ates dlatoms |
".a.nd algae.” 'fhere 1s a relateve a{aundance alse”(oﬁf rotafers a.n’d :

°t.}.1_e._r'. mi;roernstaeeans. Th_e'densit.y ..,Qf_v ?he zv'oeplan'kton ,at.varino‘us
stations fu the river during the summer ranges from 200 6 1200

—

“organisms/liter water. _
_“Collections z:nld stream (from the y?/atee: an&l»the bent%lels)u
» "and:alor:a'shere have shown t'»-'v'o'contrasting enviromﬁents in- ‘

°

5‘:.___'.__:hab1ted by dlffercnt poi:ulatmns of ammals and plants Our ’sh.dre‘:':
' "‘."-i'v'T';c-ollectmn sites areicharvacterlsed by snalls such as Lymnaea o
- a.ndI_’_l}_)_r_si and brackish water;shellf'i'sh;_,‘ ,by }argef crnstaceans |

' :.suc.:'h‘ as Gammarus ‘an‘d. isop'o.d's., andmsholcrshallow waters 'byn_
. shrnnps, nxgawns.,_" an‘d.e_ray‘_ﬁ_:‘snes.. .Bint they vax"‘e also proi_iﬁc

/- in a number of organisms considered as indicators of domestic

... sewage pollution.. Among thesc are nematode worms, Tubifcx,

filamcntous algac such as Phormidium and Oscillatorja. In

’




. ‘,_ addltlon,largebacterlal andfunga.lmasses i ha.vebccn obscrvc d at
lkﬂj B many 51tes, espec1a11y 1n thc northelnreaches R Thc mld- stlean‘l |
‘ sanpleson :thAe othcrhand, arq cha1acter1sed byabundant a‘tlvgae :

anddlatoms, i.ribc.':.itlxding 'soméj s_fecieé_iﬁdicétidééﬁfroéhié "ccsx.i-ditions., '

'a._n(i b);'a'.i;i-ch f.a_.tiha of cdpepods ‘and o’_cﬁér\ small crustacea. We
tfé]_.sq fmd many species of rotifers; other polluted waters (such
“as’ the Delaware River, Lék,? Erie, ‘or'the Raritan River) dppear =

to have a more restricted rotiferan fauna. The protozoan fauna

L is aleo rich, with about 30 identified species, fewer from shore
S comections, - o

Our studles ofthe mamstream (byfollowmg sectors acro\s s
| ‘ the w:.dthofthe 11ver at four statlons atInwood Indian Pomt h

Cornwall .. and Saugertles) have showntha‘c t_hc mlcro—orgamsms, ;

o ._ ) \ hke 'tter‘:ﬂil.ﬁ.e:l:atu.rvé. and ,salinityb," arerelat1ve1yun1f01mw1_th -dépfch .

and across the :cha:nniéjl.- Movmgfron the mqstsoutherly s.i;gz o

g at In\x;odd tothc R}OSt .nc;;'therly at Saulg'.er.tiesv,.‘ the’ir.‘e_: 1s a‘ natu1a1 _ '
successmn ‘fr»c“)nvl bracklsh water specmsto ijeshwaterones, L

the dlstrxbutlon Vé.;"ies; a ‘l'it"'cie f:r‘o,m%};eavr_ :t.o- fe:'ar. Bt;t anumbcr i

CoL J - '_;‘:be spec1cs in. the ;.Jlarikit;p a'r;e collectedovermany lntilcs'. -of the |

. 100 rﬁile Stxctchof the rlvcrstudled ai{d -ap'p>e:a.rA '_tole‘r;r'lt"of thc

... salinity differences secen.

=N

T
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.":.- ﬁ’hat,i&ill the future be?

-.

;jl'e.édea to n_iaikc_e predictions of'thé'futuf'e-cbt.irse} of the river. . C

.. We can safcly predic
“and domestic purposes, and also 'the‘.in"ér\easing use of its water
"to augment existing drinking water supplies. There is also .
T D e

pro;ected apumped storage scheme at Cornwa.ll,andan in-

A"ifw,e,,@:,éz'i'pdst_:qla_te”are ‘t'hex_lf_'

“in water flow due to increased use, and the diversion of large
- - volumes through pumps and turbines. = Secondly, an increase

<~ in nutrient materials derived from agricultural expansion and

[ ) N}

/ 7 from an enlatging population. A."_r.e-‘l‘;uéti‘bn‘;in water hqv& w111 |

o \ - " accentuate this. Thirdly, an increa:;'e,__l 6v_¢ra.ll and ,ix;"_si)eci.f,ic

S ,f]i.ob:':é.litics,'ivn the water temperature, as more water is used for
B ixid.us'tr;ié,lv 'cooli'ng". Léstly, we rﬁight postﬁlai‘_.e"_ an .increaséd
'---Qu'tfall into the river of toxic poll'ﬁfaﬁts such as_pe;tici.des. aﬁd L

—— - - N

. ""'A'_."tr.aqe metals.

/ - - -.‘HO\‘.I }vill these changesw afféct the bi_ota; of the >1_'iv_er?‘ The

‘ compared_td that of a giant predator, cating up, rather indiscrim-
: I R k B inately, a p1'6p01'fion of the population. = The effects of a p}"cdator

phy_siéal effect of purnpé and turbines in.the river sys‘tetvn- hagbce'n "

".f_'_«»‘.':.-'iOur‘s;tudies' have been undértak_eri“to 'giAv:e u;:f. the ihforméﬁﬁox{ |

t an increasing use of the river for industrial =

‘creased use of water for cooling nuclear reactors. The changes

'First, physical ones: a diminution
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‘ 1', .11 are mot always bad, as every fishman,who is frustrated by.a

L large pop.ulaltio'n of undersized fish, well knows. The .remoi;val_,
:‘,'o'_flja-pav.'rt"ohf the polﬁulatio'n often aliows the _su%vivo;:s to attain- -~

;*-:thOr.e ;apid gi‘dvs)th.  But if: predation exceede the nAa.'tural'i'e?

~:,,c6ve"1.'y :rate then the product1v1ty (m terms of f1sh welght/
"umt water volume) must declme : Wh11e pvotectlve grlds at

‘ ater 1nf10ws can save lerger flsh youno flSh or flsh eggs
,jalong W1th the plankLon of the r1ver‘on wh1ch flSh lafvae feed

'Will.'})e en_trained.' V!ater _trea.tment (such as chlqrinat;ion) 'ahd L

‘heating, as well as pres sure damage.in vtui-bijriee, may dvﬂa.me.ge o

- e

' ,-'_,'.-"'t‘_:h'e_se ‘entrained or:ganisv‘ms; I_-I'enee,“the"prevpo'ftion of the river.
‘ {70 T flow which can be ‘used for such purposes ism-i‘im‘ited,‘:unles‘s some. -
5~'»‘,."..'succeesi'u1' remedial meé.__surés are applied to repopulate the

f*-‘._:'-:-Wajt"e;'vs".w_itI;Ayoung fisl';_ ar-1c.1A the1r f_oed' plankton - _ e_ SN -
Tl’e ihcree.ee 1n nutr1cnt mate:.iais in ther1verw111 neCCSSaally
_iﬁcire_a'.s'e the ;-Jroc'ess"ef eutr'ophi‘catiiqn;._,' As the'“\&.{atere become
| rlcher, e..lgae.v (espec1a11yOsc111ator1a) afﬁd s__c:ptﬁe:" ObJCCtlonable
. _dﬁi.eit.ome,' Wln b»lioem' Wlth mcreasmg Ckploslvcness, ,as in other |
e éollp_ted wafgel"s ’su.c.h a.'s l‘,a.lj(e %}\.faeshirxlg’tvon,” .Lalg'c Erie; the southern’

v o - pe;_ft o'f'Lal;e Michigan. The,abL'_mdé.‘nee"qf a few of these speccies




‘ - .7 'produces dense crops generally considered a public nuisance.

O , Mats and floating'- masses of-algee rr;'a.i,r b'e'--p"rochz'ced,» and if the

processcontmues, d_eox}gehattibn .o_ff\deeoer watelr":s occurs A
The onlyremedles forfuch a S1tuat10n(as ha.s been demonstrated :
. recently WlthLake Washmgton) 1stod1rectsewage out-falls

to alternatt\;e.v:-/'eter :systerhs,‘: or lt.o‘rer‘nov.e .chemlcall).r and ibto- T

lo“glee,lly.,t e.t. least avp'rop‘ortlvon of the"nut.rlent‘rhatetlal :‘an the-
gewa‘g'e.' | I.f .eutrophic_:conditi.or.xs:: ;ez‘eist for 'a; t:urhhel'_of }Vrears‘
thesa.tuz ated mud may actas a reserv01r of nutrlent matenal

The th1rd éhange, | of 1ncreasmg temperature, also b11ngs

far reachmg effects “ In the classm studles in the Potomac a.nd

‘. : Patu.xent rlvers (10) it has been shown that as env1ronmcnta1

1,’ ’ * ’

: ‘f'._'w'a;tet'_. tet'nnéera'.thres ehenge i.'rom‘ (9.Q° ‘to- )90 , the sp'eeie_s .

:.‘i. makmgup the mlcro f_ahha aht.i" flor.e' w111 changeThere 1sa

reductmn in -‘Ath-ei vanety of <'J..rga:ni.s.rri;s"t ae the iees heat tolet'aht."

o cannot survwe in,_ compet1t1onw1ththc others There 1sa ioss |

ofprotozoa.andan 1ncrease m m1crob1a1 growth, pcrhaps bccause _

- . thereduced protozoan i).o:puia._ti‘o:n vno. toh'ge rblowseson them.
' ' Thercare changesm flsh populatlonsalsoas mozeheat

. : t01erantspcc1cs dothint‘—tte thc o.'thc'rs';-. B F.‘.ish'tex:xd t‘otnovc :i.x;to' a

" the warmer dischage areas near efflucnts, but they become very"

. I,c .
v
«
.




L

‘$ active fand-oo.nnoit 'feevd Since- there are few vin'sect.la.i'ﬁ\‘rvae in these
() a;reés". HoweVel thls tends to mcrease the s ort f1s"nn oten—.
o P g P

/\.

N

S 'tlal of such an ar ea.
"‘.‘.‘Th_epla'nktonic cop_epod Acartia .(};re‘se""nt -in'the Hudson) 'shows‘f”-'“_
;.,avcrltlcal dcpendence on tempcrature in relatlon to’ egg hatchmg

A reductlon 1n the abundance of larval naupln would depleto

A,pop‘ulation responsible for. cropping alorae an'd:«'diatoms. ' Agam,
;._many 1nvertebrates such as soft shelled cla.ms, oysters and |
: fAAV_:','qrabs a.re___directly or indirectly affected»by te'mperatur_e changfes".'

Th'ef_'e'ffects of '_increa.s ed t'em’p'era;t}i're_ need notallbeba.d\ e

. s [ % ones.’ The Wa;rm_efflne'nt water from ‘po_\{"e'r :sta.tions, together

With nutrients d.:e_ri»ved from sewage can be ‘nsed for fish »ozf'_‘ shell-
ﬁshy,'cnlt'ure, since growth 'can be stitnuiated."‘; Experin‘lentaﬂlﬂ

/and f1e1d studles of such pro_]ects are belnt7 carrled out in Japan

'.,_":and the Umted Kmadorn and otber countri"e's ," ‘in'cludin_g the ‘United

;.Q“;_‘""Sta.tes. o '_ e =

‘Conclusions
. In conclusion, the lower Hudson River should be regarded
" as rich in potential for industry and recreation as well as in bio-

"~ logical resources. Because of its hydrological characteristics



.a.ria”be‘c;:;ﬁé,c;._i't "flo:'ws' _th_rdugh a reiativé_ly densely i)épuléfed areé,'
ltxs iinpb;tént that there bc a.vailablé a bodyof biologicai_ and e

g - chemical daféy, ‘sd that futﬁre changes may bc predicted. 'V‘I_t' is . |

lidpqd' that the reporkt 'féliqu'i;ig_ wi_ll_'Lpflf.cj)‘Vidci 's:orri'e of this in-

. formation.

L e e e
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L OF THE LOWER HUDSON RIVER DUR’NG THE SU\/I\/IER or 1967
By " A. Perlmutter, E. E. Schmldt R. Heller, F c Ford
R a.nd S Smmsky ‘ R ST

. Introduction . N

oA study of the distribution and abundan'ce of fish along the -

adl. ,v 1967) Samplmc stat1ons (Append1x A) wcre the same as .

'j':.'followmc a standard procedure (Perlmutter et al 1967)

;';,:—number oiltows_made at each statlonand the.computed‘total area

'f"d_‘:statlon fo the samphno penod was about 60 000 square feet

- .__'.90 000 square feet at Statlon I W 3 The average number of tow

o '_i_"._-'imade at thc 1nd1v1dual stat1ons was 14 w1th a range of 7 to 19

: ‘. - . x As in pre vious ycars the 1enaths of the 3pcc1mcns of each

" '.‘-.:»DISTRIBUTION AND ABUNDANCE OF FISH ALO\IG THE SHORES

West sho're of the ,lower Hudson Ri'ver“"\;vas ca'rried 'o'ri in th'e_-' .

':‘sutnmer of 1967 followmg a. standard procedure (Perlmutter et-"‘ L

1n prevmus years and ranged from Nyack near the Tappan Zee SRR
Br1dge to Cementon south of Catsk111 .The method of .samplmd- : S

o '-_‘.employed a 50 ft nylon Shore seine (3/8 mch mesh) up to a: depthl-

PO IV
\..

‘ of about 5 feet : a10ng the shore The area semed was estlmated ,' ” .;;

A""sein'ed- are rshown in Table I. The aVerage total area seine‘dtper o

""'A.'.-.-,‘and randed from about 20 OOO square feet at Statlon II W 2 to -

St L

’ specms was taken at Statlons I- W 3, II W- 1 ‘- W 2 and III W 2

\ :




o e-were pooled, and the cornpo"site 'lendth- frequency was c_onsidered

‘{ a 1nd1cat1ve of the 51ze composﬂ.lon for that spec1es in the rlvcr N

‘ - -;;‘_.v;below Poughkeep51e ' Slmllarly, lengths of flSh taken at Stat1ons
.‘i;_,xv w 1 IV W - 2 IV W 3, and IV W 4 were. combmcd and the |

",:_'.;,A.fpooled frequency was taken as 1_nd1cat1ve of size in the river north

‘of Poughkeeps1e ,v Furtherr’n'or'e‘ th'e' cornbined',":freq'uenci'e:s by o N e

'-*1) and August (Permd 2)
From these lenatk frequenc1es, to"d.ethe‘.r- \ivith info‘rr.nation

- on lengtl'-age d1str1butlons obtamed in the 1964 study (Elsenbud

] et al 1965), the catch of most spec1es could be d1v1ded 1nto ‘f\' -
‘ two age categorles: a O + (young of the year) group and a 1 + A

- year or older group. Th1s 1nformat1on was then correlated W1th :

the extent of area seined. ‘ An arbitrar_y relative c_atch—per- »

unit;aree. 9alue, i.e., the number of -fis-h caueht- in each»of thc:* R

two age cateaor1es per 100 000 square fcet of shore area semed
C— _'",-,was calculated for each stat1on durmcr each collectlon 1nterval T

‘- throughout the season i The me‘as.ure of rclative abundance and

avaxlablhty was also calculated for cach spcc1es for the collcctmg

e . . . ot
o N ' * N - ’, Ot

. : R L P S R

I

. .-':-:.'pcnod by tal\mg the averavc of the catch pcr 100 OOO squarc fect e

lof 'shore :%rca seined for all nme" stations.




Results
. o Z' . ' Lo . . IR . - T .‘ _ - : S
R AR T -.'_Four_te'en spec1es we,re mos_t common in the catch.' '=These .

'?.were Roccus amerlcanus (whlte perch), Roccus saxatlhs (strlped

’ f.-,:-"ff'.'bass), Alosa. saplchssnna (shad), Aiose pseudoha1 engus (alew1fe),

-:TAlosa aestwahs (blueba.ck herrlna) Fundulus dlgphanus (fresh—
) ;water k1111f1sh), Fundulus heterochtus (saltwater k1111f15h) Memdla ’

s'"ivde)" _Carassius‘-auratus (goldfis_h),._.Notropis' hudsoniu's .(spott:"a_il )

men1d1a. (northern 51lver51de), Men1d1a berylhna (t1dewater s1lver--~~'~ v, ‘ .

e »_,:-i.(common sunﬁsh) Etheostoma n1grurn (Johnny darter)

IR

| "'.-_'-fifff'Length frequency Dlstrlbutwn 4 :

R

shmer) Noterhi'aonﬁs cr-ys'eleﬁc"é.s A(golé'en shiﬁé"r), I;,epomis gibbosus

. The length frequenCy d1str1but10ns of these spec1es are g1ver.

o SR frequencv dlstrlbutlon has been glven 1ndependent1y for the areas _

_."'.:"'a.bove and below Pouchkeepsm both for Pe1 1od land Pe1 1od 2 Where

o

" the data ure less cemplete the length-frequency 1_nform.at1on £o1j :

K 1nat1on of thie data indicates that the flshsampled wereprmmpally
ofthesmaller 51zes and m the 0 _+- agegroupfor mostspec1es
Forwhltc pcrch dunng Perlod 1, the f1shcaughtranged m
o f:l‘en'gth.'fz".vo;nfloto'_"l'ISAinrr_nn.. '"'rhe'-“o'+“' a‘_g'_e,;ig'i-o'ﬁp;:,' r.'an:g'i-n.g .f.roin;j"lo

- to 29 nﬁm\ in lcngth comprised 19 per cent of the catch of that;spe‘eiesA

e , 31n Tables 2 13 Where sufﬁcient 'da.ta. are available; ‘the lenath- IR

‘the two’'areas or two periods, or both, was combined. . An exam- -



R and- most of them were caucrht'in the s_outhern 'area. In Per1od

90 per cent of the catch Durmg the same perlod the modal

i:.‘-rrto 19 mm in the southeln area (Table 2 and Flgure 2) _ Thev |
: . . £ L

1#1 + flSh in Pcrlod 1 ranged in length from 45 to 89 rnm As o |

-the northern area had more. flSh in thc larger s1ze groups .
Str1ped bass in the 0 + age group ranged from 10 to 44 mm

3

DR A o .. . o s S

". e Among the herrmgs, only 15 shad in the 0+ age group and |

..f'Z 1n the 1 + age group were caught (Table 4) ' Alew1ves and

- blueback herrmg were taken in con51derab1y larger numbers

"":'Most of the alewives taken were- 0 + ﬁsh and in Period 1 ranged

L ~f::1n swe from 15 to 54 mm and in Perlod 2 from 30 to 64 mm . )

_:;_‘ern area appear to be smaller than those in the southern area.

O _;,'.--‘._:' ;:an:g"ing in s.izve»i_'r'om 15 to 39 mm in Period 1 and fro'm‘ NZOV'to 54 _

:‘-ilength 1n the northcrn area was 40 to 44 mm compared w1th 15 o

"_'_we have demonstrate»d in prev1ous-years whlte perch' caucrhtfin‘_v

‘ ."",52 the 0 + age group ranged from 10 to 54 mm and comprlsed o

m Perlod 1 and from 15 to 69 mm 1n Perlod 2 (Table 3 and F1gure'”_,.
: 2) As for whlte perch s_tr1pedvba_ss 1n_,_the ‘no_rthern are_a app_ear

~to~.-be larger» than those in the southern area T ' \

‘(Table 4 and Flgure 5) For this spe’ci'es,' the fish in the no'rth-_- SE

/ - -As” with _the”al'cw'i'vcs',' most’ of th_e bl’ueba’ck{hcrring were 0 ‘+ fishﬂ'




mm m Per1od 2 (Tablf‘ 5 and Flgure 3)

Amonor the k1111flshes the freshwater k1111f1sh in thc o0+

"'-'_'5-""'age group durlng Per1od 1 had a modal lenoth of 15 to 19 mm in

"._~the southern area where most of these f1sh were taken Dnrlng.

Period 2 the modal 1encths were "5 t0»29 mm in th'e s’outhe"rﬁn
; - - . . . \ - .

:,'.area and 20 to 24 mm in the northexn area (Tables 4 a and b

4'"¢

: _"‘,and b and Flgures 8 and 9)

.caught o‘r.lybelow Poudhkeepsie and those t’aken were all 0 "+‘

""I-lv,_"and Flgure 7) The saltwater k1111f1sh 11ke the related fresh-
;water spec1es was found mostly below Pouahkeepsm durmg
---;-._:}'Penod 1 o The o + £1sh had a modal length of 20 to 24 mm

",;"’_-j-"durmor Perlod 1 and 25 to 29 mm durmg Pe*'lod 2 (Tables 7a -

/'/‘.?{ |

The northern 511ver51de and t1dewater 511vers1de were

\"
:

- »';'“-.f1sh T 1e modal length of the northern s11vcr51de in Perxod 1

B .'A __“,wa.s 30 to 34 mm and in Perlod 2 40 to 44 mm. The modal

. - L . .
. . . .
. | | ' RN o |

k]

L

-".""Vi'lencrth of thc t1dewatcr 511vers1de was 50 to 54 mm 1n both
g f'penods 1 and 2 (Table 8 and Flgu1e 6)

Young of the year goldflsh were taken both above and bQIO\V; B

Poughheepsm | Fish caught in the 'northern' area'appear larger T -

' ‘_'m sme. Theu modal length in Permd 1 was’ 25 to 29 mm and
_",xn Penod 2, 30 to 34 mm, compared w1th modal lcngths of flSh

- in the sthhmn area of 15 to 19 mm in’ Pcrmd 1 and 20 to 24 mm




1n Perlod 2 (Table 9 and Flgule 10)

,.,.24 mm (Table 10 and Flgure 9) " ’ "

of-the year flSh range in sue from 20 to 89 mm (Table 2" and

Flgure 11)

For the spottall shmer, 0 + flsh ranced in Slze from 10 to SR

. :northern area were larger than those in the southern area. In

F

thenorthern arca,: the modal 1ength'in‘.Period 1 wa'ls 25 to 29 ‘.

v“--The golden shmer in the O + age group also appears to be |

PUREIN

.'1'_";g-1arger in thc northern area than in the southe1n area. Young-

The common Sunflsh in the 0 + age grOup ranges in

length fr >m 10 to 24 mm in Per1od I and 10 to 49 mm in Perlod

- '-‘.‘period tke fish in the northern area 'weretfonnd to be_‘smaller

toee oo

Yound of thc ycar Johnny daltors ranoed in size from 10

.:'39<r,m'n ‘in Pcridd 1 and 10 to 54 mm‘in Period 2. Fishin the_. o

-

mm and in Per1od 2 35 to 39 mm compared w1th the modal length

_'.Z‘,1n the south 1n Per1od 1 of 15 to 19 mm and in Per1od 2 of 20 to ' Lo

Y

' 2. Mos*; _of, thls age group was taken in Per_l.o_d 2. Du1 1ng thlS =

- than those in the south with a mode for the former of 15 to 19 mm |
' .compared to a mode _fordthe iatter of 25 to'>2‘.(9,__'mm (Table 12 and

. ‘j.ito 39 mm in Pcrlod 1 and f1 om 15 to 54-mm in Pcr1od 2. ‘In.‘thls

| ;spec1cq \tho ‘0 + fish appear ed to be sma11c1 in the northcrn ar ca .



‘ tha.n 1n the southern area (Table 13 and Flgure 12) :

- .Rela.twe Abunda.nce
On the bas1s of both the length frequenc1es obselved and

""-:‘jthe agc-lenvth frequenc1es computed for 1964 (E1senbud et al

o .I‘l965) the comparatlve catches of 0 + and 1 + or older flSh were

'..';'f;compute'd for the f’ent1r'e c'ollectlon period for each speCies and, »

’-;:-lfor all spec1es, both for 1nd1v1dua1 statmns and for: all sta.tlons e

5"~°:°mbmed (Tsble 14). As - ?’eién-"exéiai?@i _t’;?ese c.éinpea,rét‘i;%”
figuses were :C.‘°‘“»'*P‘”‘e.<bi fu??-'f'"???'??sﬁi"r??‘i ateas seined at the different,
Sta.tlonsand converted to anarbltrarY umt of catchperIO0,000 o
X Square fe.et 'of}.é;hoi;e'.a';e‘al seined. Th1s {mi'f ofcatch1sde518’

. K
~ -

‘ "nated "p u.a." (per umt area) throughout the remamder of thlS

Paper | LR T T e
o | The relatlve abundance of all spec1es taken at each statlon '

‘iﬂ,'::'.::.through tl e pcrlod studled varlcd from 852 to 6572 P a The |
';*:'hlghest Ievels of abundancc Were sccn a.t Stat1on III W 2 (6572) .

" .Vf.-;"p u.a..), and Station IV w 4 (5215 p u.a ) DRV SRR

L bf the 14 spec1es con51dered thc blueback herrmg was

/ t.he‘ most» abuncIa.M, ave_ragmg.f.fS94' jflS.h.v}_).»!.‘]..’.:.a. at all s.tat;ons.

O oo Thealew1fc averageleZ pua atallstatlonq ys»/hivllc .th_e;_shad>l

- v. a.ve;ag'eld ;on:ly _3“ p- u.»a._. - | | | -

e




A The _second most abundant spec'ies was the vifreshwatcr killifi's'h '

' '-‘_'-'v'v.ith"an averabe catch of 576 p u. a'. The spottaﬂ sh1ne1 ) Johnny

L /\| S
ST
ot

. AT

O

RE darter common sunflsh and whlte perch were closely grouped as
. the next most abundant spec1es w1th respectlve avcrage catches

"'_f--‘of 232 219 213 and 206 p w.a. The average catch of the salt-

"ater k1111f1sh was 119 p u. a . ‘1' | _‘ :1.ff_'f

".Goldflsh averaged 47 p u. a Golden shmer, str1ped bass

i

h11e th_e: tid’ewater silverside aQ-ér'agéq 3p w.a.

Dlscus sion:
A compar1son of thelevels of abundance 1n 19 67 with -the -
precedma two years of’ the 0+ age groupsof the .14 sp‘evc:ies.pr'é'-“t"
‘ -_-.;.-fdonrmant 1n'. the catch.durmc-alllthr-ee Srears 1s shown in .Table i4 )
T _._vf,'and Flgure 1. | The wh1te perchvabpear.ed'to'_increase tn,abundance
o\_rer the prev1ous yea.r .. but dldnotattam the : 1965: level o:‘f- abundance."
: 'I‘hlswas aiso true for the Johnny da‘rter | The str1ped bass
' shad spottcd shlner, goldflsh, saltwater k1111f1sh and both spec1es
_f : of _s;rlveir51de were lower 1’n_‘ _abundance tha_n in elt_her_of the pre; .
o 7 -,cedmg t“;o ycars 'The g:old‘en. shiner Was Vle‘sv.s abundant' m i.967 ‘
S d'vrthan 1n the prev1ous year but shghtly more abundant than in 1965
- :J.ih‘e -freshwatcr_ k11hf1$h was somewhat lcss abundant than in 19.66 }
_but mo‘rc‘ -abunda’nt than in 1965. Onlythe alcxvife and common

. B - sunfish were more abundant in 1967 than in the previous two ycars.

and _northe_rn 511v‘er51de aver_aged -22,. 20_ a_.nd 19 p- u. atv,-\respectwely,'.}“f -



Eunfisﬁ in 1967- may reflect the redﬁeed' s'a'._iinity of the Tiver

o res_v.;ltipg frorfn an increased ar_mﬁal rainfall in the early parf of

s:a..rh'pled may 'shea some i

7. size difference phenomenon.

. 'Ihe d‘;a;stie;‘;i'rop' in abun.'_ci'arice of V‘fhe"’silvefs'ides 'a‘.nd'reiatirve_l.y

CE SRR

‘ hlgh levels of abunda}xce _of the freshwateﬁ killifish and .corhmen

B Y

~
!

P

: :»7._',' '_'.}_'I'l‘xje_'-.a'.'ppa‘r‘ent siee difference oBSe_rV'éd in inaividuals of

:Sp‘e_c'i_‘es.t_a;keryi‘i'h the nerthernk'aree"eﬂa..'s cgfﬁ'ijared with i'ridi\}i'd‘pfals{ :
of the same species taken in the southern’ areas.may be attributed

. numberof p‘ossiBle factors. " Onefa;tor ma.y'ﬂ_be:f;a 'revlat'ive " )

lgiffez;enee.ir{ _'thie availability of food mthe _a.reé.;__s'tuc»lied. '

: j"ﬁnofhe"r factor rhay be a relative cii-'ffe‘fence in the spawhing_ a

tlme er bn;:x_e.tr.mbers.ovf the samespec1es in the a;rees studled,:
sl ea.rherSPawnmg maﬁi.fes#i.ng&it.s‘elf as the 'size e.'eserved vdéf.fel.'et;iee'sv. .
I A t'hi.rd. '-pos-lS 1b111ty rfla_.y ‘in;re.le.e be"chlvava:iiabi‘liity')of feeci_ and

: earlyspawmng 1eed.in'.g> t'.QA vt‘he rela_ti\.re‘{”.si;e' diffex_"ence.s. observed

" Relative productivity and water chemiétfy studies of the areas

ght on the reason or reasons 'foAr‘_' this

. !

. '2-9 - . 'o \
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-June

20-21

W.e July 4

3-4

.10-11 '

TABLE I “;'f

July
- X7-18
.24-25 -

July Aug

ok

31-1:

August~e

14-15
21

Number of Tows and Computed Area (In Square Feet) Selned at each Statlonfe

<i> Iw3 (26 6)
'g.;,iNo. .of Tows
* :.Total Area

Av Area/Tow

"79f11w1 (41.4)
. Now of Tows
" “Total Area

B, Area/Tow

L TIW2 (45.2)
.. No. of Tows
~ Total Area

. Av. Brea/Tow.

. ITW2A (56:5)

. No. of Tows
" Total Area

TIIW2 (67.3)
No. of Tows .
Total Area

No. of Tows
Total Area

¢ IVW2 (95.1)
No. of Tows
“Total Area
‘Av. Area/Tow

IVW3 (100.5)
‘No. of Tows .
Total Area

No. of Tows
. Total Area
Av. Area/Tow

‘"QAV.‘Aree/Tow )

Av. Area/Tow

- IVW1 (86.1)

* Av. Area/Tow

~Av. Area/Tow'_

IVW4 (104.7)

20,000
4,000

9,375

120,000

5,000

18,750

3,750

" ‘North

. 7,500
" 3,750

20,000
5,000

10,000

5,000

15,000

5,000

p *7\s£atidn (Miles)
‘ ( from Battery _26-27

2,500
2,500

i3“_;'
15,000 .
5,000

15,000

2,384 3,750

1,250 -
1,250

20,000

10,000 .
5,000

15,000
5,000

115,000

5,000

10,000
5,000

15,000

10,000
5,000

10,000
15,000

g

7,500

3,750

10,000
5,000

10,000
' s ,000

S 9
20,000
5,000

10,000
3 9,000

5,000

5,000 *
5,000

110,000 -
5,000 °

ka"”,

1= 8

'f}; South of Poughkeep51e

20,000 .
5,000

10,000~
L 3"333< " - :

10,0007 °
.'5,000

T2
10,000
5,000 -

_of‘Pnghkeepeie“

000

10,000
3,333

10,000 °

3

10,000
) 3’333" ?

ffa;il'

5,000 . .
2,500

,000

10,000 .
2,500 -

5,000 =
2,500

10,000
- 5,000

7,500

2,500

10,000
3,333

10,000
3,333

7,500
1,875

© 15,000
3,750

Totai»

| T 19
20,000
5,000

90 000

4,737

e
. 54,375
35199

18,750
2,679

1
70,000 -
5,000

T
56,250
~ 4,000 .

SR
..50,000

4,167

15

65, OOO

4,333

13
47,500
3,654

16

70, 000

4,375
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‘ : Length Prequency Dl°tl"lbut10n Recorded for White ‘Perch

euf }:'ff.nyf;:ﬁ} North of Pouqhke4p51e ; " _ South of Poughkeep51e

c.<:>f1:"Standard _ Perlod 1 _f Period 2 o Perlod 1_ | Perlod 2
=" Length _ AT ' | ' ‘
lelllmeters)

1=
(@)

R BV R |

o 7l10-14 0.5 1
7 15-19 - 49
L 20-24
ot 2529
- 30-34
--35-39 -
~.-40-44 -
45-49 -
...50-54
%7, 55=59
. 60-64
S 65-69
Lot 70-74
© 7579
- 1 80-84
.. . 85-89 .
-90-94
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@ 100-104 19
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TABLE 3

“;;INorth of Pouqhkee051e

Standard - , ,_Perlod 1 ‘Perlod‘Q
‘Length : T ‘ ,"fjf‘ff“
(Mllllmeters) ~__No. % . .No. %

‘( T Length Frequency Dlstrlbutlon Recoroed .LO.C Strlped Bass,
Q

No.

' Period 1
""“‘1; |

~ No.

f:.Sduth of Poughkeepsie

‘Period.Ql

g

S10-14 . = - a et

. 115-19 . LR TR S

: 20-24 3= e e

S 25-29 0 T = = T s
Co-30-34 i1 12.57 - T
£7°35-39. - . 34 50.0 2 4.
. 40-44 o= =0 10
U 50-54 0 s e 6L
L lT 85-59 e e T
;- 60-64" B T
65-69 . ne= o ieson

-
i
-
-

OUNWON S
NoOWON S

S 70-74 - T -
S 75-79 - ‘
a7 80-84
y . .'85-89

~7'90-94 .
T 95=-99
. 100-104
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c- -+ 110-114
s . 115-119
* . 120-124

-~ 125-129
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- - 135-139
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[ T I I |
: N S
wn
)
[

LI o B |
SN
w

12.5
. 160-164 5
165-169

|;| P ]

(O moman  ° 8 100.0 45 .99.9°

e T
IHFLUVOoH VLW,

1Hm@m§HLQ

R R R L

<

[ I I

° ° -

THOWWNE
L o [ o N
ooUVTnNO M

[

1.8

OO OUIO MWL

IR WNPEUN VWS WL

Pl 1 v

o
DON .

NOWV OO D
° °

>
° . . °

o° e o ° s .
OO PONHNOO WO

'-~<fj fﬂ, . A:;fi; F;if‘!:ifj;;?}“ ':<f_; 3; f2513 f-v"'

£100.4

35

100.2



j\'
\

'7;_%fdf‘tﬂA{;:f7: | TABLE 4.

Lergth-Frequency Dlstributlon Recorded for Shad and Alewife

Shad L o .v gt3-.vf.:, lfv’i Alewife

‘":N. of Poughkeep51e S. of Podghkéepsie'd; N of Poughkeepsie A: S of Pouqhkeebsie

Standardﬁj_l,'d; Derlod 1 Perlod 2 Period 1 ‘Period"Q_ﬂl' PerlOd 1 ;Perlod 2_, Perlod 1l Perlod 2 ﬂ
.Length - L ' I -

(Mllllmeters) ‘*-jNo. % No. % ___No. % No. % . -No. % No. ' No. % No. % .;

*10_14 . ’ - f' - = em - - - - Aé' - Ve -
15-19 © o= e == e e = e
20-24 - - . - o - |
25-29 e -
30-34 .. . o= =
35-39 .. = - =
40-44 o T
45-49 A
5054 f.oo - =
. 055-59 o o=t
. 60-64 .=

1
1
1
1
1
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N
N W

: - -, 12 25,
.20 27. ’
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11 22,
- 25.

A8»
iﬂ&

]

1

1

} ol

(93]

o
o s
FuNaNNw

I WNHNONDE UL
N
N

yi-2 . - '.‘;t -
(¥ 4
‘.—'
'—J
N
N ".
FOVLWVON I

|

1
(&
N
N
W

uLg,

|~
[¢)]
N
: o
1L PLONDN
1
N

!
'

PR PRI
5N
OO~

11T NN~V N

- . L - S -5 .3
65-69 v ...l = e 8 - - = =L S
U70-74 . = =L 08 - - - = - - - -

PER Ll wE R
FWW N OW.E W
!
'

L7579 e rem e = m e S e e s e T e =
L8084 . =l s m e e e e T e e e S ‘
.;'3'85589 i ”:, | l- ?500 - .“Q( “ J_l. :. "H :';  ' - ',- Lﬂf .
190584 s = s s s T T R
95,997 L o - el e e L 300,00 2T e s e e
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TABLE 5

Perlod l

<:>ﬁ$;"'ﬂ :: }i;;; _; North of Poucbhee931e

Perlod 2

1', Length—Frequency Dlstzlbutlon Recorded for Blueback Herrlng

South of Poughkeep31e

%

"Perlod l

Pe rlod 2

o

|

- No.

TOOAPHW -
9 o o
OO W

‘No.

49 .

218

© 155

% . No.

5

TOTAL =~ 331

72
15

"% No..

13.5

14.4
1.9 107

T
e 3

101

3.5 -
69.2. 4
4 -

S e
obpwLVAB LM

. .

. . [ |

R BLE

e e
1

'100.0 308

99.8
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‘fa o Lenth Frequen\.y Dlstrlbutlon Rec01ded for Freshwater Klll.l.flsh
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G T Perlod SR ‘_f - 395355115
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(Mllllmeters) . No. % .- No. - % . No. % ~-No. % _No. - % No. - % .
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Length frequency distribution of the Golden Shiner.
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APPENDIX A
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ZOOPLANKI ON AND OTHER INVERTEBRATES N
p ~THE HUDSON RIVER S U

By H I H1rshf1e1d and Elayne Musmck

. ‘Introduction and Specific Aims

' A lPrC;g.fai;n of samplind for' zooplankton and la'x"ge‘i--vinv.e.rte“:—
I.'-":brates 1n the Hudson Rlver was conducted durlng the summer and
_’Subsequent months of 1967 Zooplankton ‘studlevs were c.ons1dered

B 'to_ be of‘partlcular mt_erest.

L

SO : Apnmary vobjecti»v'e_ of the study was to obtain an inventory

f__of'i-nv:ei'tebrate ‘species in the rnidstream and aiong the e_hore and
to compare the findings with the inventdries made in 1936 and 1964.
A cOmpari'_son was made of the midstream plankton with the inshore -

N

\ plankton and theflndlngs yyere correlated w1th a prehmmary study
'V of the d_i'stribo‘..tion'of coliforrn bacte_i'ia. ' An -a..ttempot wasmade o
- t° diff‘eféntiate: beﬁ".’.éer; fecél a‘nd. _‘°At1’v1.er. coliflormis'l .(‘APPe‘ndix‘ A_)..-’
"M:eas-t_trements »of oalinit? and ternpera.ture \.}\.rel.;e ma'de .c‘:‘oncurr:e‘nt'-
ly and vs‘pecieé distrihntion wae r‘elat‘ed to salinity and temper_
/ ature gradients throughout the‘ length ofivthie: ;;ivez" :'studi‘_’?d_i. At-:‘:":.
__,'A:texnpts' \vere aiso made to quantify{thcv zooplankton. ab‘und}an-c;é“ ..

- from vertical tows at-selected stations.




' ‘ . L o It was expected that the zooplankton would provide an in-
- V(}’licaﬁtion'of the degree and kind of pollution ir_i the river. .Aqu'.a'r'. o

'ium_,stu_.dies' together v.vitlfi records of collectiohs Wei‘e used to

: pfdvide insight into the survival of organisms in the lani‘at’ory,

o thus leaAing to :the aevelopmenf of futufe" ecological and laboratory '.
: .;s_t\?.'dies (Appendik B). A’_brvi'ef ‘s_tu‘dy‘of or‘ganiems"'ih'pehds and.

) - lakes in Stenrlirig Forest was also made’ (Appendix c). o .

" Sampling Pr og ram

Collectlons ofplanktonwere madew1tha #20 | 1/2 meter |

planktonnet ('1'73’; meshveslbihc":h.xe_r“_ 0‘075 mm mesﬁ) .\,yifh :a"_re; _

o VOlvmg -fAlevx./meter.' The 'l‘/Z ‘-:r:neter netwasflshed VerAticlalliyh -

. 1nthem1dstream (-.usi.r_xg: e one lb v;}e.igh‘t'to submerge ',fhe net), h

- .’oj'r"tiowelc".lblo.rize-ntally across the r1ver,3ustbelow th’e_'eur_f.‘ac_:e;

o ~ insl;;er'e semélee W'ere: cvo.llected w1t'ha .llong“'-ha‘nf:"iled .p.vlanl_étovnxn‘et

. ;':pul-led'elong@he .s‘,hor.:e ,  in ebout i:h;ee feet of '\vete';'. >D;1r>ingv :
th1s mai.eeuvre some sed-i.mevgtvwa-s- eolleeted yvith _fche :pl'a_m‘k'tonl

" ‘sample. In eddition, '.int.e;rfa‘cial. layers .of‘bott.om .sedi'rne"r'lts,‘:

de‘tritels, t'wig_s, andvleexlfes V\I/er.e s.coopeelltllp“ir}‘ 700 ml Mesoe-jare.
P o Fer éamélir;g the maiﬁetreem of _the rlver, t‘vhree .,:sclctors', -

- each with three transects, were selected and several statiohe

'sanxpied along each fransect_._ The stations, and their d‘i'stance' N

','fro;.n Batfery Park, Manhatfaﬁ) are listed in_Iablc I{." Each

iy



. Indian Point (II) .~ III .

© . Cornwall'(Iy) . HI-I

O TABLE I

Hudson River. Sampling Site Miiéé.ge besignat{dng S

_- . “O" miles at ”Battery" along E W Merldan 40 U e L
North to South Points measuyred along mid-channel of rivero 2 RSN

. Site Ident,

- .>“>=_'Chamie1/' o .
Miles © . Shore @

_Inwood' (1y

- Area Descrintion - Number

-1
-1
~II1

HHH

"' Inwood-Shore..’
. Indian Point (II) . -1 3
‘Indian Point Shore
ci:rnwan Yacht ci;ib R
Kingston (III) o Il

Kingston Shore .

(Rondout)

. 'Saugertles (III) ITrLIm

_ jS.augertié_sA Shore' -~ -

(Esopus)

Station #'s General Information’ |
1-2-3 | S

. 1-2-3-4 - - (Stat. #l Harlem River) . -
1-2-3 ' v } T '

750 yds. into Sbut_h Bank on Harlem River.

1-2-3

West Bank :
e . e

| T " West Bank "
1=2=3 T

1 z 3 4 = Sta.t, 1-2 Channel" i
S Stato 3 4 Rondout Creek

" 1-2-3-4 =, Stat. 1-3 Channel
... Stat., 4 Esopus

Same as Station 4, 0.9 mi"_.les'upicr,eek"v

o134 7 s

a7 o

42,0 8

4306 .: "

S '; :\'. 56o 5 -. : R C ’ |

Same a.s Statzon 4, 2 2 m11es up creek 89,7 S

10005 0 ¢

2.8 . C
13,4 - = C
14,1 C

89o 7 | " . C . . x .

100.5°° S



_?f?l}l_,'*1u “J.'f':{‘ » 

site TIdent,

L TABLE I (Cont'd.)’

Miles -

" Shore

Area Description

. Coeymans-Ravena _
(Finkes Marina) .~

Coeymans -Ravena

P

99

. Number — Statdon #'s  General Information '

IV-T

Southern light

”rShore West Bank .. .

Finkes.Marina

; V1?7;0 ¥ 

S.




kS

i ava11ab1e for m1d transect of each sector, and add1t10na1 transects )

:..'*__»were ma.de above and below the mid-transect. The obJect of

- above and below the tributary .with_those of the rnain-stream o'f_f' L

'.‘-':Ei_-the rii/er. At first, no collections '{vere_made on t_he _A‘west “side

Fleet” 5-’= .

"cubation and e;x:amination in the laboratory. A millipore field

- sampling technique

T

F transect ha.d 3-to 5 stations numbered east to west: a m‘id-r,iveﬂr_- :

o statio'n and_a'station to the east ‘and west of it'as close to shore

as possible. A tributary' of the Hudson,was' selected‘“vs)hereverl |

thls samphnor plan was to compare the dlstrlbutlon of organlsms

o at sec'tor II, tr_ansect II; however,‘ permission'was later gener- '

ously granted to make collect1ons in the v1c1n1ty of the ”Reserve

__At each station, in addition to plankton, sed_irnents were O

N

'_..sampled using ari Ekman foot-release dredge.' “The sédirnental -

. organisms were often difficult'to sepa'rate due to the.thidck"‘rnuc‘l.(y |

~.

textu.re of the -sediment. Salmlty, v131b111ty (usmg a Secch1 dlSC)

S conduct1v1ty, and temperature were a’so recorded at each station.

'-:The_ samples w_ere pla_ce_d in_labelled jars containihg appro:éimate_ly

40 ml of formaldehyde anbd filled to capacity (aoproxirnately _70'('): ‘

-rn1>) with river water. Water samples were collected in Kemmerer

- 'bottles for coliform examination, and in thermos bottles for in-

wla nfa
b

was also _usc,d for .co_lifor_'rri" collections.

e

* Ca;&tam Thomas ng Atlantic Coa'st Director, Marltunc Admin.
& - Mil 1poxe Filter Cate&lo"ue MHWG 037 ' - '

]
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waters in Sector I, to true brackish water inhabitants in Sector

' Living material was examined in the laboratory as soon as

. f"j"'".pdssi:ble,ehd discarded, or pléced in an incubator at 18° C fbrv.

further detailed examinatien.’ -,Sbme Protozoa and other inver-

f__t_el-_)‘rates gfew well whe_ﬁ placed in large bowls with wheat gféins
- . and Cerophyl as food, both in the incubator at 180_ C and in var- : o

S 1ab1e room tem.peijature (25'-.35? C), and could be stud_iec'i. for .

s'.o'me" time after 'c‘ollec:tior‘_l.

Data Collected . -
. In1t1a11y q.ua.t»lgta_-tiye ivx.';x%entozji‘ee_ of orgamsmsfrom ee.ch

sectorwere made (l‘able 2a, va,A Zc, Zd) The .inventer.ies\
| Preparedfor the Ifoll.J.rl sectors efvt“ﬁe‘ Huds on Rlver i.hd.iAcate“ a _
Z _:.ﬁg:é:her.a'l._.lchange:fi'om spec:_ies ehaurac't‘eri’sti-el.of fné.lf‘iz_le(_oi"v‘_'euhaliﬁe

v v
. \

to characteristically freshwater species in Sector III. ~

11, and
. .*.'.I'h'e fixed plankton samples were Studied.semquuxaniitativelgr.

'Zooplanlton counts were made by first stirring up the contents

‘ of a ‘Mason jar filled to cafiaciit'yv(-appfo:x. ‘700"'m1‘) to insurle a

- © ~  uniform distribution of the conte‘nts.t Total organisms were

'eb\-mted in 'Sedgwi.ck‘—Ra.f,ter‘ slides from a mlmmum of three 1 ml
'aiiq\,‘lotsf‘ake.n from e'.a.,cl'.x jar. Where possible, the orgariisfns

’ 'wei'e identified e.s'fo spe’cies.‘ The iczleta .o.bta‘irie’d are surﬁmar}z»ed
in 'I’.al.Bles- 3-5. T.he,abunde.nc.e of 5pecAic.s ‘and the'ir'dis'tribution;

A



{"“Table 2 .Inventory of invertebrate species in the Hudson River

. » . ' ' .A_Zza: o Secto: _I,‘ Inwood, appiox. 13 miles ni)rth of Battery -
y .- . "1 '= = not observed. ’ I e
S o L | Spu.yteln | -

Organisr.;ns R I-I.:-A-:». I-I1  I-III =~ Creek .. Creek

. " PROTOZOA
- ... Flagelata:

A . Dinoflagellata
- &%+ . Oikomonas sp. . -
., 4. Chilomonas sp.

... Sarcodina:

7,7, !Foraminiferans
% ¢ (Difflugia?)

-+ ... Ciliata:

4 . Tintinnidia .. 0 0 0 B
" Amphileptus sp. . . = el lan e
o Colpoda sp. = o wooTi LT

~ Condylostomum spp. - e e S

4B~  Euplotes sp.’ E el e e e
.. .77 Frontonia sp. S e e ST e

Holosticha sp. e e e e
- Lionotus sp. ' e e R ST
.. Loxophyllum setigerum- T T
 Metopus =p. R S S
s Pleuronema sp. Cel e e
"~ ._Paramecium sp. e L e L
. ... Spathidium sp. , I S
- " Stylonychia sp. o o oa L
. Stemtor sp. B P
i ¢ Uronmema sp. S e e e e
" Yorticella sp. B S S
Suctoria: I U S
- Tokophrya sp. _ ST e e e
' © COELENTERATA B T
C) Medusae: - .
= Nemopsis bachei e
! . Anemones: Sl
A Sagartia leucolena \ -
‘ CTENOPHORA . :
2 _ Mnemiopsis leidyi -
~ PLATYHELMINTHES o
-\ Rhabdocoel L=
. "NEMERTEA e
{, NEMATODA S 0
| L e . :

[]

000000000000 "-00MO0 . "~ "

]
o
[]

J
00
J
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©o0 Table 2a (eont'd.) 0o

‘{ e e e - . Spuyten -~ . . - '
’ R _ E A T ~+ " Duyvil .  Inwood Park
.. " Organisms f - I-I I-1T1 I-TIT Creek . ‘Creek ”~
o7 ROTIFERA T
~ .. 77 . ‘Prichocerca sp. - 0
Keratella cochlearis o= o ST
SR Bsplanchna T e . i,f.: -
' .. ANNELIDA - T R e T
. .. Polychaete larvae
. ‘Polychaete adults
o2l - Tubificids ?
. CRUSTACEA
- Larvae: ,
- - Nauplii -
1f-TZQoea‘_,
Megalops
Barnacles T
T;tg.. “Nauplii & Cyprls S
- CLADOCERA N
" Bosmina longirostris:
e Ieeptodora kindti :
a7 OSTRACODA
. Cwpris sp.
- . COPEPODS

4 calanoida: L
7. = - Reartia discaudata

' -Eurytemor¢ hirundoides - = - .
Harpact1c01dc o
- ‘Microarthridion llttorale N N
©° . .. ; Harpacticcid sp. (brown) C C
U Cyc10p01da T T
R ‘Cyclops chuspldatus Oi - N  T‘q.v
c
R

u OO -0 oo
9

o = com
¢

o
o

=
o No o=z . o .
]

-~ CIRRIPEDIA AR
- - Balanus sp. B S
- ISOPODA ' T ",A”];;ﬁ
Cyathura carinata : -

leoneca ovalis (on flsh) - e 0 =
" Gammarus fasciatus c - .Cc. o '
DECAPODA i ARG
Crago septemspinosus U TR
B - . Palaemonetes paludosus - A
: (:) : Rhithropanopeus harrlsll o
/ °_  PYCNOGONIDA , R
" GASTROPODA - SRR
Snail larvae
. Physa heterostropha
PELECYPODA
Mya arenarla\
Macoma balthica
Sphaerium sp.

Crassostrea virginica

O
1
]

Q
'
0
'

(@]

ol MO0
]
!

D1 on

‘Nooo
]
]
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. mable gb: Sector IT, Indian Point, approx. 42 miles
e T : ‘north of Battery o

T : SR . e R R
‘ " Organisms L _ IT-1 II-IT . II-III __ Shore

o 'PROTOZOA
e - Flagellata: T
~ “Ochromonas sp. - BRIt TR AU
- Polytomella sp. , Sl e AL e T
- Mastigamoeba *? S S e L T
- Chilomonas sp.
. Astasia sp.
S - Volvocids
.7 Sarcodina: o
' Poraminiferans
Difflugia sp.
.Arcella sp.
Clllata°

-~ - Aspidisca ?
~-. Coleps sp.
~ Colpidium sp.
-+ Cyeclidium sp.
_Euplotes sp. R e ol S
-:Stylonychia sp-. o e s e
- Tetrahymena ap ? o = e e

" NEMATODA IR TR « BN o B ',_'o"'
“ ~ GASTROTRICHA T T

]
_cocomon

o'

s - L
oW P NN

000000000

ROTIFERA : R SR , -

- Brachionus sp.
- Keratella s cochlearis
Kellicot:-ia longispina
.+ . Trichocerca sp-
s Platyias sp.
. ANNELIDA
= Aeolosomi sp
Tubificii
CRUSTACEA
 ~Larvae:
~ . Nauplii
h " Metanauplii
< Zooea
‘ Megalops
"~ Barnacles:
o : Nauplii & cypris
(:}, - . CLADOCERA :
N~ Bosmina . longlrostrls'
' “Daphnia pulex
‘Leptodora kindti
. OSTRACODA '

.Cypris s%,'

"o 00000
WeXel-Ke)

]
1 OO0

Y

Hon=-id

o=z 0

o= 0 '

100 0 ora=z -
1

t

(o]
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. Table 2b (Cont'd.)

.+ .. Organisms . . - % 3I-I II-II II-III Shore
COPEPODA
- Calanoida: _
Acartia discaudata
Burytemora hirundoides
Harpact1c01da
P Microarthridion littorale
‘A;:,},h;”';u - Harpacticoida sp. (brown)
S . '7; Harpacticoida sp. (whlte)
Cyclop01da
© ~ Cyelops bicuspidatus
coio.-0.. CGyelops vernalis
-7 ISOPODA .
©. 7 Livoneca ovalls
- AMPHIPODA .
I Gammarus fasciatus
- DECAPODA -
- Palaemonetes . paludosus

=

00 00,

‘o0 0oz ‘=i

=
1

R

A‘ . “Orconectes limosus
T INSECTA

- '["1‘3; . . Chaoborus albipes
' SEREIA . - Pentaneura monilis
- i, HYDRACARINA

w00 =L .o o= o0z .

NI - N R R

10 o

o Halacaridae sp.
'_GASTROPODA
ST Larvae ' . e e _ T
-7 ..+ . Bmnicola limosa I ¢ BV R e
s PELECYPODA SR L SR PEU
S Congeria leucophaeata' .-t €Cc - - ¢

P + (shells)
.BRjKIZOA

Hzallnelia o '»  #«3 ;; _*;J'Ltnt_”,f.  'i}9‘-.: T

- 3-10
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- Table 2c: Sector iII,'Cornwall, approx. 56 miles north of Battery,
Coiee to Sauaertles, approx. 100 mlles north of Battery

L Cornwall ' ' s :1 L
. R oo YaCht ROndout s : Esopus

’ ",bfganisms : S III I Club Shore III-II Shore IIT-IIT Esopus Shore

._PROTOZOA o ’ S ~5ﬂ{ S S e  7f,f,.-]' L.
' Flagellata e T T
~ Rstasiidae- , L= = = 0 T \

]
[N N
14

.. Euglena sp- i R TEINEPE -
- . Chlamydomonas sp. - I S T
Gonium sp.- L= e e e e
- Eudorina sp. = - e e
-~ Ceratium sp.- S0 =
- . ~Qikomonas sp. ’ - 0
“ - Polytomella sp. =0
. Synura sp.- . = s N
. Phacus sp.- , e e
. -Volvox sp.. ’ - e
- Ochromonas? sp. . - T
K Dlnoflagellata SEp. - . R et -
Foraminiferans . ) e ] o '
Difflugia sp. -0

{
0
_J?O.()

SN

]
im0
)
1 OoW=Zo0O010NNONO.

ey th
]
e XeXe X

NOO Y110
1

Arcella sp.

‘Actinophrys sp.

Amoeba proteus -
. Small amoebae -
C111ata° S

Blepharismi sp. S =T
~Amphileptus sp. -
Bursaria s?. -
Coleps sp.. L=
Colpidium ;p. -
Cyclidium sp. -
Euplotes sp. LT - BARIR T - - -
Epistylis sp. _ - AlTmoT L e e, e

. Frontonia sp. - _ R - o o

. Halteria sp. -
Glaucoma sp. ? -

" Homalozoon- sp.? -
Lacrymaria-sp.? o=
Nassula sp- o=
Paramecium- sp. ' -
'Ongrlcha Sp- -
~Spirostomum sp. -
Stentor coerulus ~

. Stentor spp. =
Tetrahymeng sp. : -
Urocentrum |sp. =

'/

'J'C5C>n5
1o @] i_‘l:

1000

WeXeXeXe B IE

'
t

O0i10001

!
f
10=Z=wWo

1 OO0 dtﬁCJL_
t

1.2 1220
'
'

11O
i
0
'
'

01

1
=
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]
]
]

1]

| ]

?

]
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NDINNN 1 Z00ZZZ000

O0O=ZO00.
'
O 2=
1
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" “f'ii.;_Table. an”"_((.:on"t)

S T 4_-"'_Cornwa11 Yacht | Rondout T -Esopt
..Organisms . 3 © . II-I  Club Shore 1II-II  Shore III-III Esopus Shos

‘( Vorticella spp. - - . .
: ~ ° Stylonychia sp. - -

,g, SUCTORIA R R I e | |
: -COELENTERATA . S e e T s e T T
E PLATYHELNHNTHES ' e
. Planaria sp. e T
- ‘Stemostomum - e i
'NEMATODA IR SR Y o)
ROTIFERA ' e
‘ .- Keratella cochlearis
-+ Trichocerca sp.
-~ :Filinia sp.
" Brachionus sp
. Platyias sp.
~. . "Asplanchna sp.> -
Collotheca sp. ¢
o Ploesoma sp. ; O e
;,;,*GASTROTRJCHA BT o
. ANNELIDA _ R U
' © .~ _Aeolosoma sp. T
‘ " -Tubificid sp. A . ;
‘  CRUSTACEA LT T L T
©7 . Larvae: . L e
e Nauplii TN -
-~ 'CLADOCERA
. - Bosmina longirostris
. Daphnija pulex
. Leptodora kindti
OSTRACODA '
: Cypris sp.
COPEPODA
~ Calanoidea:
" Diaptomus palhdus
Eurytemora hirundoides
Harpacticoidea:
. * Microarthridion 11ttora1e
C\‘ . Harpacticoida sp. (white)
' o Harpactlcmda Sp. (brown)
Cyclopoidea:
Cyclops bicuspidatus
Cyclops vernalis

A  AMPHIPODA IR
‘ : Gammarus fasciatus - C & -
/PECAPODA _ U

Orconectes limosus R

" Palacmonctes paludosus -

N] L C

- Y . - . - . -
. . . B

orva
]
]
]
]

0.
ot 0

O 0
'O 000

.-

o

o'_-;d 0-_0 04'0 ]

0o0ro0ro000an.

o
1
/
]

00 o+

..
i
[ ]

2

o)
oo o .

v 20 Z 00 a0

Q22
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]
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o¥e
o
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oo'nhoi
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a0 00 ocazzZva o .vZa.-Z v 101010002
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‘_'.",I%ab'le. Zc_ (con't) o ,.:A: N R

‘; R A T . 'Cornwal‘l Yacht. ~ Rondout " Esop
' 7. Organisms . III-I Club Shore III-II Shore III-III Esopus Sho
INSECTA ' ' DR . '
' Chaoborus albipes pupae
- Tendipes sp——l-é.-;;ae '
.~ Chironomus pupa
. Pentaneura monalis larvae - RER
77 Alluaudomyia sp. larvae’ - e
' HYDRACARINA S
- MOLLUSCA - _
| . Elliptio complanatus ‘
.~ Sphaerium sp.
_J;GASTROPODA
- Bulimus tentaculus
' Helisoma anceps
=+ Physa heterostropha'
- BRYOZOA T
. Statoblasts '
TARDIGRADA

o0 .

o
000

0o ..

L]

m N

1
Jomioro

'

'

[}

> o BN

o
FICIRE
AO

m

[] ]
t [}
m N
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: Table Zd: Coeymahs-Waﬁei‘vliefc ‘s ection, 12.7 miles noffh of -Ba:ttery

CTE T T T e P
‘A“Urganisms ’ . Mid-Channel ' Shore

L St
" PROTOZOA
Flagellata. ,
" Volvox sp.
. Eudorina sp.
SEura sp.
- Oikomonas sp.
.. - Chilomonas sp.
..~ 'Sarcodina:
Arcella sp.
- Amoeba proteus
~Heliozoa sp.
Small amoebae

_ Difflugia sp.
Clha.ta '

]

- Frontonia sp. . RS _
Paramecium sp. - - C
- Tetrahymena sp. - .
TR ‘Glaucoma sp. R
' . L COlEldlun’l sp. L " ,
' -+ -Uronema sp. S R
- Blepharisma sp. (C stra.m) o o .
.~ ~Homalozoon sp. RO - C .
' '; Vorticella sp. Lo e T c
S - Coleps sp. R =C
© ROTIF sl oo
RO Ehinus e g
U Keratella quadrata e "R
" GASTROTRICHA ) L O e
COELENTERATA R o
S Hydra ohgact1s ) S o .,
ANNELIDA BTN e
Tubifex sp. LN : y e
S - Aeolosoma sp. R - C
. NEMATODA T c
O PLATYHELMINTHES | L o
B Stenostomumn sp. e -0
' CRUSTACEA T
‘ Larvae:Nauplii N -
CLADOCERA L
A Bosmina longirostris SN
‘COPEPODA N CE
Calanoidea? Y o -

o 3-14



.f’:_?' G .- rable 2d (cont'd.) -

' 8#4 :f' 6ngénisms | - .._. : ﬂ'?'Mid?Channel | ~ shore

. .INSECTA S o
- 477~ Chironomus spp.pupa , =

- . .- Bulimus tentaculatus e
- - 2 Lymnea palustrus C S el
.- :..- Helisoma anceps ' s

o 3-15
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Bye

5 t_hé}s'_e organisms and"the_d_at‘abca.n' oniy Be con_s'idei'éd'.se.l'ni'-q;uah- -
B : 1A:‘i-ta1_:i\-rely.' '

o Reéults

) _-:in_ relation to main channel and inlets, to collection date, and to

'difféi'evnt stations on a transect are indicated.

'. ,Sdfné‘studies of different typé_s of pres'ei'va.tives;were‘ :rr'),-ade_,_

. _Sinc.e_' it was found that formalin fixatioh ‘preser{revd' vi'rtually none
_- .of t_he soft bodi'ed‘ forms, sﬁ_ch as. Pr,oft'ozoa,' wo‘fmé, athecate

:roti.fers,,:.et'c. Thus, the quantitati;/e"'inve_hto.ries do not inciﬁde’_ .

'_fable _3"-corf1pa'res At'he ébﬁhdancé of ﬁz;iricipé.l zoopla-nkte-rsA

L at some stations on the Hudson 'Rivér'with adjacent tributary - o~

.'Av.,"cr.g-‘e_k.s", 'and with'tll'le.Sp_uyt.:ei.l. Du_yvil Creek, ru'nniﬂg Yl?: the
' Harlem River to the East River and Long Island ﬂ_Squn’c.i. " The
sé.linity"_in Spuften Duyvil C__reek y&as less than that of the related

'. :,.s.fatidn in the Hudson River, but was £till within the euhaline

8

. rahgé (9-16%6).." True marine 'Vorg‘_af_xisms were found heré both -

in the creek and in the main river.

' Duf‘ing the summer mohthé_ the turbidity:'c;'f the Hudson River |
| ".-wafef, approximately 2 1/2 feet, is partiy due to the abn@dance_

~of plankton which varies from less than 200 to 1200 organismé/ -

o 3-16



o Table 3 A“'corAnpaI"ison.o'f zoopia'nktoniin the Hudson River
L . “and adjacent inlets. _ T

. (Seétor ._II‘orr-mitted from tl.’lisvtable)

' r " SO Key - % 2 50 organisms/ml aliquot of %amplé o
. L *:;: 2 100/ml, >:<.>::'::< 5; 300/m1l, B_ fat 50"0/m1.

e e o ] S'puytén'”" o 'Rond'out. | Esopus '.

e brgaﬁis'nis ' I Duyvii-‘ - IIT Creek ki‘Esopus' Crecek o

COELENTERATES.

H'y‘dra.' o s ., ..- * " * , | : _
-~ Medusae S & ; o e e B P
~ *+ Ctenophores

. NEMERTEA
"ROTIFERA
- . Trichocerca

Y, Keratella
. Filinia

© ANNELIDA
' larvae

‘ CRUSTACEA T T T e

. nauplius larv. . %/B #%/B %/B . x % )%

- zooealarvae o I e e P

L megalops larv. % o oL o

~ .. Cladocera T S T RS ST L

-+ .. Bosmina B * * . %

Leptodora B T P

" Ostracoda o o

o ) ngris : *

.. Copepoda ' T
R Calanoid S . sk [ deslet:
Cyclopoid o
Harpacticoid
. Amphipoda | o | ,
" Gammarus_ ‘ * o % & Tk
Decapoda | o S |

Rhithropanopeus T ok e e L
INSECTA ‘ _ R : ; B
‘ Chaoborus larv. - -
Dipteran pupac . - -
HYDRACARINA \ - - 3
PELECYPODA A ¢ |
-~ {//ZASTROPODA | e

%

*

0 .*
* ]

*
e
]

JORN T
R L

#*F W

*
'
y '
2 4
1

.*.

EIE R
2%

 #/B /B |

. I
%

L]

! ELN
Ca o o AL

U

»
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-~ . . .

'.,_.
do

'_' -':cqﬁsist.éd principally of only one or two s“p_ecies (.1'_).‘ The

" blooms usually consisted of t;ope?ods, nz{ﬁplii 'or Bosmina and

L dense and extensive popula‘tions.i The distribution of éqrrimon-

.7 organisms shown in Table '3 does not indicate any significant S

E,la'dja‘.éei_‘nt. tributaries.

- microcrustaceans: calanoid and harpacticoid copepods and

’ 'betwe_en'sect'ors and stations. However, ‘the overwhelming bulk.

of the ‘population of zooplankters was composed of copepods and

o.

- liter * of river water. The latter concentrations can be con-

;_cehtratidns can be 'con_sidered as "blooms", that is, the samples
-"'a.‘ppbe.ar'ec.] to be localized cohcentrafions'; rather than uniformly

R d“iffer.ence‘s between the n‘la,ivfi' rix)efSaﬁipl_éé and those from the .

DA

. S

. The main stream z°°Plahkte;s ere found to be pr‘im'ar.ﬂ; |

) :j.."'C‘Iat'ioc'eia,' particularly Bosima longirostris and their.'lar‘v\é.l

Y

‘nauplii as'w_'ell as occasional blooms of rotifers, such as Keratella

’- .‘.vf;'.'.‘cochleaz"if. 'The samples also had a high population of diatofxls.'

. Ve rti.cal {ows and hdriz_ontal plankton tows made _af all thre‘ef-

,éectors_at Indian Point in July and Auguét'shoWed‘ sbme.v‘ariatilqn"

‘ their -nau‘plii, 7.2-98%. -On one occasion_ in late August, ‘1»5'% °f_

% . Calculated from counts of 450-2000 organisms/ml (Séddwick-
Rafter cell), for 700 ml concentrated sample reprcsentlnc a plankton
net vertical tow through an average depth of 10 meters.. The actual
sampling depths ranged from 5 to 65 fect, w1th a mean dcpth for all

'samplcs of 24 feet = 7.25 mctcrs e

 :3.18



‘l, . * - the total zooplankters present were Cladocera (Bosfnina and

T ey

VS

'Daph-nia;);l Gammarﬁs uéually aépear‘c’e.d from' 1‘-79.1:0. 6% -'Rotif.e-rs',
-'.'espec‘i.ally Kerafé-lla, wer;e. éofhi#onlii 1-2%. | idthe'Ar iﬁha.L.bi-tant's_». a
‘ ._: oA.f";:h'e plaxAlkton,A ﬁétéble but not 'pf'ese.sr'xt. m gz-'e.a.f nﬁmberé, -wezh'ie
vzéde.a.-jl.a'rv-ae.a»nd‘ ACha.oborusb. : ffhe hbxjiz.oﬁtal fow_s ,sv'eé‘me'd _cha.r.ai.-v_

o _feristi-ga.l.ly" to contain more Cllad'oAce_ré and fewer copepods tha:n‘

'vse‘_"_r-t-:.ical_ ton in -thev s.ar‘z;e‘ sector -
Table 4 cAé_r'npa-reSAe samPIescollected from thedlfferent
: i"-l:sté.tié'rl’vs‘, roﬁ diﬁ:'ere‘n‘t c'brllectir.xg da‘.t‘.cves. ‘dztirin;g the _p.éariod. Juneto |

September. 1967 | A ;.oméaris'oi'-x ma\j aiL]v.so'-b.e.:th‘avc'l_;a.:Betwéén_v

, differe_h[: sectors, different fra.nsects of a syecior, ‘or different
sfé.tions on a tfansect (Table 5).  Blooms of ﬁauplii .were‘_ob-

served in all sectors at different times, and of calanoid copepods

' -:.‘:-':in sector 1 ,é._nd I and of harpaﬁ:ticdi_d copepods in sector III.

A blqbnﬁ c;f',-Tricho.'ce'rcan‘(rotifer_) wés éeen at Sé.ug-er."cies‘ (sector
-III> anduof DaEh.nia in Rondout Cx;e-ek'."‘ Inall the. s.a.xfnl.)les', ‘har-
- .p-eltct'i.é_o‘ié’ van.d- caiaﬁoid copéﬁodls and thelr n_.a.u‘pli:iv av-pp'ea“reAd té.be. '
Vth‘e dominéﬁf zooplaxvxktvell.‘s-. - T};e dlfflcultyof s;.mpl_ing r‘ep'etit'iv'e_iy.
 / e.ither“‘i_’riom the same sfatign -cg)ri s‘ué';:ve_SSive‘ f:létes; or frém é'djacént
stz.u_:ioﬁs on tfxe same éiates, is féflec’:te;d in thcv*}abriability of the
fdata;. ., Consequently, »bdeductions abdut the -‘clistril-olu)t‘ion an‘d abun-

- dance of most organisms would be unjustified.
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Table L ) Quantltatlve Comnarlson of . Plankton Samples from Hudson Rlver

Statlons on leferent Collecting Dates

I - I Station 1,

';'Hudson River

‘;ftNauplil
‘. Annelid 1arvae.

Trichocerca

" " Bosmina _
- Harpact1c01d copepods
- Cyelopoid '

Calanoid
Pelecypods

i-,Gastropods

_;;;S:I - II Statlon 1,
"~ Spuyten Duyvil Creek

ln*ﬁéuplii'

Nemerteans

., Medusae

. .Annelid larvae
.. Ostracods

- Harpacticoids
" Cyclopoids
Calanoids

. Pelecypods

‘Gastropods

. RhithrOpanopsuv

I - IT Station 2,

. Quantitative Symbols as in Table 3

August 8

CJune 27 July 25
, N ” T ﬁ**%-J
“_l ~4 * ]

.'#A#‘#<p

*<

Ui R KR R K KL

E ﬁ.Hndson River at Spuvten Duyvil Creaﬁ |

Rauplii
Megalops

- Zo0ea

Annelid larvae
Medusae
Harpacticoids

" Calanoids

Ostracods
Pelecypods
Gastropodis

o July 6 .\‘3uLy.é5

August 22

*n

»

Sk okr k8

August 15

Wly 6 July 25 o

%

*.

P ok i:*'*.* Vo E

.~ 3.20

K
R 3

' koo

€,

August 22

%k ok k0 o9 -

K ko %k



M.,

~ Ostracods .
" Bosmina

fi‘, Calanoids

" Gastropods e
Chaoborus larvae SN

Newplii BRI

- Brachionus
- Harpacticoids
" Cyclopoids

-Bosmina

RO

I - III Station 2, R
Hudson River, Midchannel ' July 25

" Nauplii . =‘fr. ',;'T~j::~” oo

Megalops
Annelid larvae

L Harpacticoids

Calanoids

" . Gastropods
, _Pelecypods

*
Cyclopoids R P
S T
3*
#*

II -1 Station 2,

'Hudson River, Midchennel, Traprock ‘Area

7 June 28 July 2h

Neuplii f: o ,_ffilf***,“f_,f“'***'i
Keratella : R e

Trichocerca
Kellicottia

9. %

Daphnia e
Harpacticoids )

Gammarus

%k Xk 9

"fTI - IT Station 2, e
. Hudson Rlver, Mldchannel Indlan P01nt

o July ol July 26

ok ok

Keratella IR ,iW?”i ’
Trichocerca S

Calanoids
Gammarus

ok ok * k0
k X k9

]
Uk

Daphnia R Y
Gastropods _ e -

JII - IIT Station 2,.

'AugusfﬁB"

*

.*[Ef

® ka0

1

2.

REE.

August 8

Hudson River, Midchannel, Roa Hook -,--July‘2h<

Nauplii - R B

Keratella T *
Trichocerca : *

e Pt

3-21-

A

" August 22

¥




tJulvaM August 18

(" Daphnia S U
Y Bosmina : o RIS B T S

o - Harpacticoids
- A/ .+ gyclopoids

. -7 - . Calanoids
. Gammarus Gammarus

skook 0 ok

E;?l“a.

III - I Statlon 1, SV
. Hudson River at cornwall POllePQl Island

J“1¥ 1 July 25 July 26

Y Nauplii

“- Bosmina ' SRR

.. -Harpacticoids .
Cyclopoids

. . " Calanoids

. Daphnla .

0
S
*

:*;7
¢
*:0" -

Tk

N ERE

';I*

IO - IT station 2, . o e
-Hudson River at Klngston, Mldchannel . Avgust 1

'I..Nauplil

© . Brichocerca ' LTy
- - - Annelid larvae R

. " Bosmina
Daphnia_
Harpacticoids
Calanoids
Hydracarina

* % ok K *J*I*lﬁtﬁ_?

' III - IT Station k, T
-Rondout Creek - - August 'l August 23 August 29

*4.
i

Nauplii
. Keratella
Bosmina
Daphnia
Ostracods
: /" Harpacticoids
~ ©  Calanoids
(;} ' Dipteran pupae

*J* uﬁ*,uy* ?
| T |
_”* e 9.

IIT - III Station 2
Hudson River at Saugerules, Nudchannel

August 1 Sept. 19

'Y
3
.

*'.

Nauplii
Trichocerca
Brachionus
Keratella
Bosmina

* K 1tk

*.o% k1



T augustl  Sept. 39

Ieptodora
. Harpacticoids
Cyclopoids
. Calanoids

1f;_*

N

- IIT - IIT station b,

. TPrichocerca

n + Ostracoids 4
... Harpacticoids
. Hydracarina -

>.:Esopus Creek

. pugust 1. August 23 August 29 Sept. 19

‘Nauplii e e
. %

Keratella B

‘Bosmina

B ;
"1. ..

e T
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B} o . R T L
‘> Spable 5 Quantitative Comparison of Plankton Samples in Sector II (Indian Point)

—
7
~

S U i";.Ffom-ﬁifferent Stations on Each Transect

| .Orgenisms = T Jure . quy . August
= ... . . F__ 5 oL 56 g . 18 22

©- - Sector II, Transect I, Station 1
© Nauplii -

-~ Keratella

. Kellicottia

.. .Bosmina
- Daphnia

. Harpacticoid

Calanoid
-~ Polychaete ,

e LTS

‘Sector IT, Transect I, Station 2

' - Nauplii o I S S
. Keratella S s D e T e T T
: . o Trichocerca o - . S '_”’ ERER v',: R B :.: LT A o s e .

-Kellicottia
- Ostracod
. 'Bosmina
" “Daphnia
Harpacticoid-
- . Calanoid
Gammarus - S R
- Chaoborus larvae L e
Gastropods e e

R T B IRT B TR B

?
* 0

]

#. ook kTN g

* EEN

y
3

sk e

Sector IT, Transect I, Station 3

Nauplii [ . ST

v ‘Keratella " _ Lo T e

,~ ~ Trichocerca . ’ T e e

) (:> Bosmina . . L ' -
Daphnia
- zooealarvae

-Cyclopoid
Harpacticoid

~ calanoid - e L L
'~ Gammarus - - N T
). Gastropods T

' k;} Pelecypods _ o el e e T  f':" -

N NN
$ kKK 0
*
Mok 1 ok ko0 0 K ok ok
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C

AN
o

oY -
5 Organisms

\

June

July

" Augusf

28

2k

18

-2

" Nauplii

Keratella
Kellicottia

Trichocerca
~Daphnia

Bosmina
Harpacticoid

- Cyclopoid

Calanoid

- Gammarus .
- Pelecypods

EXE L TN

‘Sector II; Transect II, Station 1

B

®

Nauplii
Keratella

. Trichocerca

"Brachionus

Harpacticoid

- Cyclopoid

Calanoid

- Gammarus
* Bosmina

Daphnia

Gastropods

'Sector IT, Tranmsect IT, Station 2

Sector II, Transect II, Station 3

Nauplii

‘Keratella

Brachionus

. Bosmina

Harpacticoid

~Cyclopoid

Calanoid

Pelecypods

W

*E
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—/  Organisms .-

.. Bosmina

. Daphnia _
> Harpaeticoid
‘Cyelopoid

. Pelecypods

v_-Nauplii

June . July

R 28 o2& 26

. Sector IT, Transect ITI, Station 1

" Nauplil B ;-51_ f°,fi!fL_ 7$f;;vﬁ2

Keratella
Trichocerca

Calanoid.
Hydracarina .

Néuplii
- Keratella

- Bosmina
. Harpacticoid
.- Cyclopoid
-Calanoid

Sector II, Transect IIT, Station 3

" Prichogerca

- Harpacticoid - ;:;f ffff7f“

~ . . <

' Sector II, Transeet ITI, Station 2 - -

Trichocerca
Daphnia

Garmmarus

Keratella

Bosmina ) S y;'fﬂf-'57*

_ i'uy* *i*iy_i.

Calanoid
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o :‘:‘._A"Hespeci‘ally w,ell_ distributed. =

Soxne spcc1cs seem to be ub1qu1tous throughout the 100 mile

o stretch of the Hudson studled The planktonic crustaéeans are

+ - These ubiquitous species are: -

'Diffugia sp. (Sarcodina)
B Euglotes Sp (Ciliata) S
- Stylonychia sp. (Ciliata) _ DR

. Keratella cochlearis (Rotlfera)

. Trichocerca sp. (Rotifera)

7. Tubificid worms S
~Bosmina longirostris (Cladocera) |
. " Leptodora kindti (Cladocera) TR

. Cypris sp. (Ostracoda) B S

7 Eurytemora hirundoides (Copepoda Calan01da)

. Microarthridion littorale (Copepoda, Harpacticoida)
- Cyclops bicuspidatus (Copepoda, Cyclopoida)

' Gammarus fasciatus (Amphipoda), e
" Palacmonetes paludosus (Decapoda) - o ~.

BN
’

L The ub:iquity of eOme o.f."the. gooplehktou epeoies maymdmate :

. __xelatitrel)(: urﬁifor_rh .c'o'ndit.io_nvs ih t.he"ﬁiadsoujﬁiue; .betweeh'_: iuv;«'ood %
: .;'alnd Saug.ez-.-ti-e.s, duting the'vsmnm_ezl' tnont'hs.; ‘ O_n_‘the'othef. hand,

g ﬁ‘;he”uhiquitous :'s.p'ec‘:ie‘s may he,thosej-ahle tortolerate“the range gf. .
o ’_‘s',alir‘tit_y fecot‘ded for ‘th‘is; part of the jr‘ivfe'r A(Z). The tolverzin.c'e

" “of microcrustacea and rotifers to salinity is of interest since it

is well-known that some ofdthe larger Crustacea;,wsuch as the

Harris crab and the crayfish have a much more limited tolerance -

to salinity. changes.
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" Stations on the west_.shore, of the river were sampled (as

,,"dle:s'c}-..ibea_lon .P_: .3-2)‘ by hand, neta-nd"slco_olla_._ The sho;‘re.samples
- were con51stentlyh1gh in nematede:s ahd P-rotoaqa, and usually :
‘ contamed seme “rr;ici-e-crustacea:and their larvael-, esitraeods‘,

. a.ndannehd Worms Abuhdah_t_gv.reeh‘algae ahd bacterial masses

. were obser;_.red in the shore samples. ~ In one sample taken at

.

R _:_‘:." C.'oeyr'nan'_'s (Schodack's Lanhding), a bloom of Spirillum vc;a_s present. -
In add.it'ion.‘to sample’s Col_le_cted as ‘abov‘e, “sa’rnples of the larger
o 'invertebrates Were;collected r(along With y"ouhcr fish)‘\.fv‘ithra shore

-seihe Sector I (Statlon I- W 2 at the Tappan Zee Br1dge) was

‘ ":'ﬂmhablted by Rhlthropanopeus Palaemonetes and Craco with

— )

one record of an,1sopod. Sector II (at II W- 1 Sneden Landmg

“and II W 2 Iona Island) also had Palz emonetes, leoneca and

o Gammarus. Sector I at Cornwall (I] W ZA and II- W 2) showed

"'the f1rst appearance of O*conectes, the freshwater crayflsh

althou_gh Palaemonetes was also rarely present. " At stations .
'fL_trther north, Orconectes was C'ommon',‘r.’toge_ther with SEhaerium

and Elliptio. The distribution of the macroiri\v(ertebrates was

| 'studied briefly and the data suppert the results and cohelﬁsions

" of the survey of 1936 (5) (Table 6)

L The dlstrlbutmn of organlsms was studled at 13 ad_]accnt '

adﬂ’. ~
e
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Table 6 A Comparison of the Common Invertebrate Fauna of the

I " Hudson River in 1936, 1964-65 and 1967

_(*.;‘présent, - = not found)

?f:forgaﬁismé, 1936 B J:°"196h-65'»'-_ 1967

" Barnacles -
7 Asellus .
...+ Chiridotea LT Sl e e
. kdotea [ TR ELITI
| . -Gassidinidea B
.. Cyathura
- Hyalella
 Gammarus
o0 .- w7 Ieptocheirus
gL Monoculoides
e il “Corophium

' .. .7t -u ¢ Palaemonetes
S0 L .Crago - ' :
o t.o .. Gembarus (Orconectes

" . Rhithropanopeus
Elliptio
S .. _.io 7 Crassostrea
s R S "Iymnaea
o 7o Sphaerium
o TEnmcum . .
. Helisoma ot
- Physa ' EE
- Idmnodrilus
. Chironomids
.~ Enallagma
Sthenelais

*ok

u .'

k8

s 9
LR

]

¢
]

TEEEE

ok ok ok ok K skook 1

b3

. snells

kR
x® ¥
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" sites (about 1000 yds.) along the shore of the Esopus Creck ~

W . (Table 7). It was found that the distribution of the smaller
7

: "vinvértgbféfe-sl was uﬁifblffn exéepting fo'r. the Pl;otozoaﬁ." 'Ihis'
'g_rau'p; particularly the ci.liateé,-.‘s‘.:hé‘wg.d remarkable li;ctl.e'»ﬁhi.-_
' i »_ '_ -j formlty of di.sj;ri_bu.'.cion.. No pfé%ﬁcﬁép C‘;:uld Bé maae-;s‘ to:which’»',:‘i .

> spemes of Pll'étoona rr.ligh‘t .-beA'p_.resver.xt in__.a givéh sample; | Re_ |
P i)re;a‘ted sgrﬁpiipg of' th.e-ls',a'LIrArie' c'ollﬁrn>n. ofwa.terchd not .a-lv_vé.';s;? yleld o

-

" identical s"peciesv.' | 'An attempt was made to maintain these
;@blieqtions as cultures in the labdratqry, to facilitate A"tvheir‘ ‘st_u'dvy.‘

- .. However, some were more successfully maintained than others.

ey

.. Much of our ignorance of protozoan distribution is undoubtedly

i""d_ue to poor fixation, and also to inadequate collection ‘p_r‘ocedur‘é_s_,

e L b@t f.he_se do not cox.'nple‘telyv eXplaiil'thg V.'ariationsfound‘.

In 'Talble '7‘,' spéc'ies-‘.distributéc.l throughoﬁt the c'plle;cting‘_ :

' ;"s“ites yv'é_re Arhphileptus, Coleps, Euplotes, Frontonia, Halteria, ;

" Paramecium, Synura, Spirostomum, Stylonychia amohg the

- Protozoa; annelids, _copepods‘an'd rotifers among the Metazo,é..

' Species showing restricted distributions were Blepharisma-C,

./ .. . Bursaria, Cyclidium,Phacus,  Stentor coerulus, ‘Trachelius:

ol

- Discussion:

4

The 'divérsity of species follows Dahl's axiom that numbers

of specics are greater in the marine and freshwater environment
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Table 7 Distribution of Protozoe. and Mete.zoa a.t Thirteen Sites Along the Shore -of the Esopus Creek . .

‘ S present = = not bserved '
.Organisms - Stations. . , . , : ' S
1 2 3 4 5. o T 8 9 10 1L 12 13 .

PROTOZOA '
Arcella * % * * * * * * * * * - -
Ampnileptus * # e * * * * * * * * * ¥*
Bilcevharisma - B * - *. * - - - * - - - - -
Blepharisma - ¢ - - - - - * - - - - - - -
Forsaria - e A - - * - e - - - -
Colens . * * * * * * O, % * % * * * *
Colnoda * % * - . * % - e - - - -
Cyclidium - Sk - - - R - e - - - - -
Diffluveia - - * * - - ¥ - X % * - - - -
Buglenoids * Co% * o - - * SR I * - - *
Trontonia * B R * k% % % B * - T *
‘Homalozoon L ® = N ¥ - }—f- S R H T e S a - - -

W Epistylus’ T - . % L% - et - Sk _ O _ “_ %

ot Halteria . tf*; _*_ * - ¥* * ‘ ,* L - * - ; ‘* | .>* * T ‘_
Lacrymaria S R Lo - ¥ - E IR SR % - e *

.- IW - oo . % :._:*.. -: -;. . - : - ‘ ».,:- . - * - * %
Paremacium * * N * e % * S * * L% % * o *
Synura & - % % I * * T P S S
Stentor snp° * * ¥ * - - - - - % S % - *
Stentor coerulus» - - * - - - - - - - = - *
‘Spirostomum ¥* - % * - * * R * * - % T *

- Trachelius - - - - - - - * - - - - -

. Urocentrim * ¥ * - * ¥ - % - - * * *
‘ Vorticellids - - - ¥ L - - S * - - * - - -

. Amoeba proteus - - C - _— * f_-‘ * ¥ RN - - - -
Stylonychia * * % R * % - % - * SR #* *
Fuolotes % * *. ® T R - T * T * *
Volvox - Series = % . * - * * - % * - - - - -

- Ocuromonas * * ¥ - ¥,/ - * - - - - - -
————— . ~" r.

BN <
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#13 BEHIND DAM, NORTH SIDE OF ESOPUS, WEST OF DAM 'va7“~Tfﬁ"A.

.}SPBA - SAUGEQTIES POWER BOAT ASSOCIATION ,‘

*

EX

F Y e
Table 7 . Continuved PR Cereno L0 i SR o
Organsims , - Stations - S . T e s ;- L : :

| 1 2 3 L 5 2 T R 9 10 11 1213
METAZOA .

' Planaria } * * # * * - * - * - * -

- Nematodes @ ¥ - %, . # T % R * * #* % -
Rotifers * * *, #* * * * % D% * % #*
Rhabdocoele (Steno)* ¥ % - T TR Tt oL * - -

. Annelids * * * - % ®¥.00 x % % % * * *
Gastrotrichs * T *. L% e -]:”J:'*,' e S . - *% -
Crustacea:-Nauplii * * R S R A e - % *
Cladocera * * L% % % e L e T O 3 - % _*
.Copepoda K % - S I N S Sk *- T % *
Garmarus - - - - - - ) S T - * -
Ostracods * * * - % * R * - - -

‘Divtera; larvae * % * - - * e * oo - - % .
Corixid larvae e e e e - A ‘- - - - -
Tardigrades e T * R I I - - - *
Bryozoan statoblasts : ' ’ g S :

s . - - - = - - - s - - - -

'.NOTE: A COLLECTION SITES ON ESOPUS CREEK

L -“SPBA MIDDLE OF WLST BOAT RAMP
2 ' SPBA WEST SIDE OF WEST BOAT RAMP
#3 SPBA EAST SIDE OF WEST BOAT RAMP
- % 4 - SPBA EAST BOAT RAMP, ROCKY AREA e
¢ it 5  SPBA EAST BOAT RAMP, MUCK . -
- # 6 . ESOPUS BACXWATER, EAST OF SPBA, ESOPUS. SIDE
i 7 ESOPUS BACKWATER, EAST OF SPBA, ESOPUS SIDE
# 8 BACKWATER FROM HUDSON EAST OF SPBA ' :
#9 HUDSON AND/OR ESOPUS BACKWATER EAST .OF SPBA K

- #10-  GLUNTS POINT, NORTH SIDE OF ESOPUS W o, :

#11 ... GLUNTS pOINT, SOUTH STDE QF ESOPUS ‘ s
#12 BEHIND DAM, NORTH SIDE OF ESOPUS .(CLOSE TO DAM) " s



. marine species such as sea anemones, medusae, ctenophores

Orconectes, and freshwater mussels Elliptio appear. Some

- i lected at Sector I.

and fewer in .int'ermédiate salinities (3,‘4). As expected, some

jand' nemertin.é's were found only in Sector I, about 13 miles ffo_rn(/
Battery Park in.'sé.linities ranging from 9-22%o. On the other
hand, 1n ‘Sec'tor. III, and at stations further north, typically'_.

frééhWater' representatives such as insect larvae, ‘the'cra'yfié‘h '

-Avbma;rihe"forr'ns, e.g. barnacle larvae and oyste'i"s', extend ﬁpstrgé.m
: as far as I'nd.ian'Point {salinity range 04 - 9. 8%0). In contrast,

' ‘Chaoborgg extends downstream to Indian Point, but wé;s ndt_g61¥

:

- The inventories compiled for different collection s'ite_s -

t'i_ndi'_c‘até' that 'there is li‘tt‘l.e d;i.ff:,erer(nA:e i.hvthe co’méé_sitiqn ‘oi: the
- :.._"-z'.ooplan.i:‘tonv .f.ound 1n thé triBut;jmr,ies. of the Hﬁdéoh and Jth%:()l,.lgl;l’oui
‘ihes-tre‘ccih ;)f t'he;AH.uds'c';n‘River studievd.'_-_ Thg water is high iﬁ
;p-hytc.")p‘lankton.(not. iﬁ\r-entbried) and il;l zoopiank’ton, wi}’;h regional |

 patches of blooms. During the early summer, the blooms

Consisted primarily of Bosmina and rotifers, and thr§ughout the

. entire collecting periods there were patches of copepods' and their

na;upiii. Collections at Inwood were 1‘émarkab1y high in barnacle

larvae which dwindled northwards with decreasing salinity. The

heavy rainfall in 1967 and subschent low salinity in the river



" of the mixihg, of water thioughéut the lehgth: of the 'riv'e“r studied,

.- and the tolerance of these species to tHe range of salinities =

‘limited their distribution to Indian Point and resulted in their
~absence from stations north. The 'ubiquity' of the copepods

"Cyclops bicuspidatus, Euryterﬁoré hirundoides;‘ and Micro-

‘ arthi’idién littoralé,_ and of the rotifers Keratella"co;:hléaris

~.and Trichocerca in the Hudson and its tributaries is an indication

 ', Hr.,ecbr'ded.- The rélatively small diffe_rénces obsér;_/ed between .

I'.s‘ta.tions' for temper‘aturé ‘and salinity a}nd ‘t.he‘ isotherriqic_ and '

isbhalif}e dépth’ sample reaéings also indicate thé extént_ of

' '_v‘vater,' mixing. The relatively few ubiquitous species in shore -

~

Srampl_es (with the possible exception of Triéhoéerca) ihdicatés

that _théy may be sensitive to polluting rnaterials; or to 'org'anisn}s

_characté'ris;cic of highly pollufed cond.-?.t.ions.' The shore sites

“provided g'reat numbers of ciliates and nematodes associated

with ba'cter-ial_mas_ses. Aquarium: studies (Appendix B) showed

that the copepod and rotifer spe'cies. could not survive well whereas

nematodes, ostracods (Cypx'is),."snails ~(15hxsa) and séfne aﬁnelfds_

(Aeolosoma) were tolerant of aquarium conditions.

" During 1967, a low yield of large'r Crusté.ceé. was obtained

from shore collections. Notable was the completeﬁabs"‘cnce of

R~ B
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blue erabs' ('Cé.llin-ecte's sapidus). It i'supos;sibi:e' that t‘he in-

. cr_e_aSi_ng freshness of the water has limited its rierthward mi-

‘samples taken in: the early summer at Indian Point and at s.tati_o‘ns

" water sector. : R T

. 'Tére.tien; hq\-;vever, eerliel' repert_s'(S_) give its d'istribut_io.n as fer
. i'lﬁ;rth 'as" ﬁeacon which is Well -int'ov the freshwztter -zon.e.. It

_seems 11ke1y that the d1econt1nuous d1str1but1on and apparently
“:erratlc occurrence of the ierger 1nvertebrates Aare 'due‘ to 1n-.v_:
._“ad"eCiuét_e 's:amélihg‘.of;benthieorgenisrns (e.ither_ on shere {Jr in

- the main river) as well as to their natural fluetuation‘s.j

,-T-he 'r'el_ativ\'rel'y low numbers .ef a..q-uatic insect larvae ob:- ,

S served 51m11ar1y 1nd1cate poor samplm procedure rather than

e absence, although Chaoborus larvae were‘ a_.bundant inr plankton- <

‘ further north. Other insect lé.rvaevs‘/ere found only in‘the fresh-

The distribution of Gammarus f: sciatus confirms findings

of previous studies that it is ubiquitous in the region studied.

It appears most abundant in deeper water and in the interfacial

" “layer of sediment in the brackish_i){ra‘.ter sector at Indian Ij'_’oint.

. The pelecjrpddé seem to be stenohaline in their distribution,

* with the marine Mya in Sector I being replaced by C_}_gp_'geria in

Sector 1I, and Congeria by Elliptio in the freshwater Sector 1L

. el Gl
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* impossible in fast-moving living forms. .‘,.Theca't“e and loricate

“in the fleld.

Cbhgerié. is considered to be resista‘nt to sewage pollution and |
is a good sewage indicator; this appears to be true in the Coeymans
. area, where Protozoa, blue green algae, nematodes, bacterial -

s 'thasses_ ‘and motile bacteria, were abundant. -

 There is, as yet, little to say about the protozoan populations

-~ of the stations sampled. Quantification must be made with fresh

- 'samples; on tf_xe other hand, specific ‘ide::ntific'at_:io'n is éirnostr

<y

~ - forms are recognizable in samples fixed.in 4% formalin, and

" ='c'§mp1_'is.é‘1;.he bulk of the Protéz‘oa-_ in sarhpieé collected and fixed

L _The most é.bundant Protozoa, ‘almost absent in fixed sampl\eé,

= _ax'-é undoﬁbte-dly the soft-bodied dihdflagellates, pfesent m high
: Ingm'bers-'in _the. lower regior'ls' of the I‘Iuds‘on.. The .she‘lled_ amocbae, :

- Arcella and Difflugia, as well as forz‘-.minii".eran'sp'ec'iesv, were '

~ found widely distributed in the river. . However, no Foraminifera

. Wei{e found in the tributaries or north of Cornwall.

"The_backWater shore samples.appeavr to diffei' i‘né.rl{edly

from the main stream zooplankton samples in their population

of scwage tolerant organisms. In some sediments, coliform .

bacteria were a.buﬁdant.and could be differentiated by appropriate

culture. téchniqucs from the fecal coliforms which were found

3236



' yeé.i's; or is it seriously polluted, an atf:empt 1s made to rgiate

" only in the shoré safripies (A_ppehdix A)." The coincidence of,

bacteria, ciliates, nematodes and blue-green algae provide an

o ,. index of sewage con'tamination. ' Sewage contamination appears
" ..to be relatively limited to the shores of the river, perhaps
' _Betause the s'ev'vage effl_tients' sPrea:d more rapidlly 'aloAn‘g the

""_s_'h'.ore from the outfélls,_ than in the mid-chaﬁﬁél. ,

From thlsprehmmary survey1t 1sd1ff1cu1t £o draw valid
compansonsbetwcen the ‘preéeni; ari& past cpédition’éf: the{e-_ I.-Iuds_'ovn‘
: R1ver, .vof'be_;m'reﬂe—n fhe lI_.-I'u.d's'o'n- ‘a_.nc.l”‘O.tl'.leljb_zb'ig,'e.x"‘sl.‘ HoWev'er,_. in.

~order to answer the questions; has the river changed in recent _

~

our findings for 1967 with other data.

A fair‘ly ¢ompr¢he.nvsive accoun® of the_ Hudson River made

RN -in 1936 (5) and a brief survey cond'ucted;by this laboratofy- in

..'_':1964—65 ' (2.) can ble<corn.pared‘ with the present étudy.. In none

of these surveys was a quantitative or complete study of the

benthic organisms attempteci. Table 6 lists the commonest,

ll_inverteb._rate species found in each study. In 'genereil, the col—

“lections of 1967 and 1964-65 include the species listed in 1936,

but in 1967 2 number of animals appear to be nﬁssing from the

collections. Whether this is truly a reflection of chahging river

©3-37



and midchannel, in obtaihin'g reliable 'quari\titat.ive estimétes of

~conditions during 1967, or simply the result of inadequate col-

B ]ﬁ.e'cti'on methods, it is not possible to say withop.'t further study.

While the Hudson River is considered to be polluted by

' domestic sewage wastes and by some industrial wastes, the fauna

~—

~is not alfogether that to be éxpecfed of a 'poiluted river. For

 -instance, a list of common sewage organisms (6,7) shows many

4

o s’peéieé not listed for the Hudson (Table 8). ".How.ever_, th‘er'eﬁ is’
a _c_léar p're_dom'ih‘arice of sewage organisms‘ in the shbf‘e, sampleé

o .co'r'npar'ed with friidchann_el saﬁlplés. '

The rh_a..jor gaps in our study of iri'_ve.rtebvi'ate's in the Hudson’

éppea'r to be in identification of t'he_‘be;_xth"ic organ{sms of the shoré

~

it

. these organisms, and in improving our quantitative account of
- the zooplankton. In addition, a t.échﬁique for estimating,pi‘q-'

" ductivity of the river for both plankt_cf_h_ and béntho_é would go far

to .ajt":hieving our purpose of defining the.present state of the
river's b.iology.' It is our intentibn to improve't'he quantitative

evaluation of the river, and also to study 't'he _inter—'rélatignsh.ipé'

“of the microfauna and flora with environmental c'hang'es.v ,
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Comparison of Hudson RiVer Organisns withlcbmmon Sewage Orgaﬁisms‘v’

" .Common Sewage Organisms

1 4 .
- PIANTS
, Sphaerotilus
+  Phormidium
. Oscillatoria
"~ Qedogonium
. Stigeoclonium .
. . Spirogyra ‘
- . Diatoms
o .. Zooglea
- PROTOZOA
Chilomonas
. Euglena :
T Tetrahymena
' Glaucoma
"Z»'Vbrticellids .
METAZOA
Flatworms: Sorocelis
. Microstomum
. Nematoda '
~Annelida: Chaetogaster
C : Naias
Idmnedrilus
Glossiphonia
o . ‘Tubifex
‘ Crustacea: Copegods
R ' (Paracyclops)
. Mollusca: Burnupia
' . R Iimnaea
Insecta: Mosquito larvae
T Eristalis
Psychoda
Baetis
S Simulium
/.'  Hydropsyche -
: " Chironomus
" Manytarsus
Ephemera
Caenis

<

. Not identified

-~ Common in Sector III
. Common in all Sectors
... Not identified

1~fNot found :
- 8tenostomum Pound in Sector III

l3-3é '

Present /Absent in Hudson River

Not found

Included with filamentous blue green algae .
‘Common all shore samples -

Not identified

“Found in Sector IT
" Found in Sector III, Shore
. Found in Sectors III and II, Shore

Found in Sector IIT, Shore

" Found in all Sectors

Common in all Shore Samples
‘Not found. S
Probably included as Tub1f1c1ds

" Not found

Not found = T - s {;
Common in all Shore Samples
Cyelops zormon in all Sectors
Not found, but Crepidula present

- Found, Sectors II and I1I

Found in Sectors II and III

_ Not_ found

Not found

- Not found -

Not found
Not found

o Chaoborus -found in Shore Samples and‘

Midstream IT and TII '
Found in Shore Samples, Sectors IT -and III
Not found -

Not found
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:caxl'vried out in gccordghge with standard mvethqcil'sv (1). ‘.The. |

from s é‘vage (1);

Appendix A: ~  COLIFORM ANALYSIS, JULY-AUGUST 1967

_ By _._Roge_f W. Broseus L

- “Introduction

Coliform aﬁpalysis of safnples f:bm- thév Hud,s._c')n VRiyve‘r »weiref_ -

:'fnembrane filter technique (1) was chosen because of its apparent

'.,si_m'plicity. Since members of the éoliform vgro,up of drganisn15‘

Y

are found asgociated with vegetation and some industrial wastes,

' and are not always of fecal origin, a distinguishing "fecal cbiifq\l'rr\.

- test'" was made to determine the presence or absence of coliform -

" Methods ) o BT .

- Samples of water were collected in washed and sterilizied

200 ml brown glass bottles. Mid-channel'samples of Hudson

River water were taken by (2) immersing the bottle with the

mouth of the bottle toward the current, and (b) with a Kemmerer
sampler. Shore samples of watei-‘\'ve_re taken by method (a) -
in shallow water. 'Sanr_iplcs were kcpt iced during transport to

the laboratory in a polystyrene cooler; théy were inoculated with-

in 24'h03.1lrs of sampling.
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mgnific_ation with a dissecting microscope. Inocula of _a-xpprcjxi—, .

- B PR

 Methods".

A membrane.filter test of samples was made using the

. Millipore Field Monitoring Kit*.' Some ‘sampies were in-
-"'-,-».'ocullatefd in the field and some in the laboratory. "Sté.ndard
i ._.'Me__thods." was _used_aé a 're_ferencé for the pr_ocerdure7 Pléteé"

were read by counting the number of colonies under low-power

' a

o i’nétéif"lO ml were of sufficient quantity to provide measureable )
.'réspbnsé.

R ‘The fecal coliform test was used on cdl_onivés from the

" fhillipdre filter cultures, and cari‘iec_l oﬁt!"follqwii;g "Standard. .

U~
[N :

- 'Sedime.nts'wére sampled with a‘grab Samplér. ' A feyiz grarfls

l-of mud were selected frﬁr_n the cénfer bf the mass brought u_p‘by

‘the ‘grab, to minimize contaminati‘o‘n_. The sample was then

" from this was analyzed as above.

‘Results Lo

 The results of this investigation aré reported in Table .

The values for the mid-channel water samples are the means

of 2?4 ‘sam;ﬁles taken from varying depths at e'a.ch site. The. -

’F‘Catalcl)gu'e‘ No. MHWG 037

¢

:pliaced ir. a_ tube with 9 ml of "dilution wa(ter”'én'd the supernatént -



» "_" 'Sigf;ificance of the Data

o ACOIiforrnA_vcéunt 1s the': numbcr of :_coli‘f:'or'm-'colcynies ‘prodﬁ_éed per |
" _sample', f:dnverted to an equivallen_t‘ 1»0‘O‘m1 sé.mple size_;' 'A ”
‘p.osiﬁve'.»f»’ecal colifofrr;; test irﬁplies 'that fecél :éqlifo‘rrﬁs were
, ,_."V'?résen;:,. ,nst t}'l'at--éll‘coliforrr;s prés:ept '“.re‘fe" Q\f.fébc‘:‘élﬁo:i’gi.n.
. The a._iosénce 'of a X f&r_ é. ‘particular dé£e’ indica‘xté‘.s thatasample o

- was not taken.

. A"

'I‘hé's’ighi.ficant levels of'colifo'r'm .cqunvts"appezir to be: - e

07100 mi of sampe,

. .-_{-‘_-j{...»_;::.1_2/1007"rn1 ofvsam}Sle,

-

and 10/100_ ml (and greatei‘ .pq‘vvfé'r_s of f:eh). T

" The values cbtained and listed in Table I indicate a relatively

. stable situation, vvv:ith a range bf'vél.ﬁ(?s; from 100 to 180007100 ml. -
" The valves compare reasonably well with those repérted'fdr
- similar sampling sites (2, 3,4), but‘“vthé’_reliat_ively"low cquﬁtsﬂ S

x;éportecﬁ-.ﬁor Inwood (in Spuy.ten Duyx}il Creek and thc Hudson |

River) near the northern tip of Manhattan az}é surprising, and

' require confirmation. The millipoire technique employed for

~ " this analysis is inadequate in the sensec that plate counts are

c'onsidere'di significant if there are 20 coliqum colonies /plate,
and 200 colonies of all types/plate. However, the coliform/non-

coliform ratio of Hudson River samples is such that it is impossible




N,

to dilute samples in order to produee plates faliing within this
range.

The_‘_t,est for fecal coliforms indicate that these were preSent

k as a‘.cornpenent."o_.f total c‘olivferrns wh-e‘ne'ver tested | Sedi"rnent.s '

| -ha-.d ’\‘rariable coliforrn'.content," and V.vere"v‘ery hig_h at sorne ‘stat_idons
"':":_-(e g at Esopus) | In two instan'ce:s, at‘f{ond'd.ut and Esopus; the
- trlbutary streams appea.red to have nléher eollform counts than -
) ""tr}ld_.-cnannell :sar.nples. ‘ S |
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pubhshed report)

.3-45 :



9%v-¢ .

B

NP

. I R U R S
‘Coliform analysis of water and sediment in the Hudson River '

- July - August 1967

Coliform Count/100 ml water Presence of =  Presence of coliforms ~ Values reported . -

Saﬁples Site - Mid Channel Shore - fecal coliforms in -sediment " (HEW, 1965)

Inwood 7/25/67 100 S . , S
- 8/15/67 700 - , o | . - 5000
8/24/57 . 8200 X U ‘
8/22/67 o 4 T

Indian Point _ : o . , R v R
7/24/67 3000 ) : LT ED U RS = .
8/8/67 18000 - o T R T

8/24/67 7600 o X

‘Moodna o IS
' 7/13/67 1800 - - -

7/19/67 600 oo T L 1900-5000

8/24/67 = LB e
: 8/31/67 . o © 7700 S TT e e

Rondout Creek T
C8/1/67 . 8A00. Tt

‘Hudson R. at Rondout L T S R S
' 8/1/67 1s00 . . ; T e e e T ‘5500 -
Esopus Creek RS _ ' | B ’ L '
8/1/67 8100 el
8/24/67 S 72000 T X
 Hudson R. at Esopus . S ,' A A ff’f f ;;f‘}.f;f.F1* ff;;( 2 ~
8/1/67 1600 . o 220

Note: X indicates a positive result; multiple X's indicate a more’stfohgly posifiVe_one,



o ' Similar collections from various 'pdndé' in Sterling: _Foi'est were

. s

B _pooled in v'a‘single aquar._iun‘q. GroLux;!f lainps and forced air .

o

. .Appendix B

" Aquarium Studies

‘ Collections of invertebrates fr_oin different sectors of the

' . .Hudson were plabced in 15 gallon aciﬁaria and éome sediment |

L ~-..cqlleéted from midchannel of the 'Hﬁdson River at the same sec't.or's.‘

-, - These wére:

-+ Inwood . .

" . Indian Point
.~ Moodna (at Cornwall) _ TR
- " Rondout Creek SRR
jEsopus"Cree’k (at Saugerties)

>

. were used for each aquarium. The aquaria were occasionally

monitored for dxygen, salinity and pll to ensure uniformity of

""conditions.

Survival and Succession

. “In the Inwood cokllectivon (Seétor I), 'thje‘long\esf-lived organisms

proved to be nematodes (alive after 12 mo.), sea anemones, Sagartia

‘leucolena (8 months), the Harris crab, Rithropanopeus harris sii

harpacticoid copepods. Annelids e_n.ld .Gatﬁmarus, as well as tljie |

_steamer clam Mya, survived for a short time (one week). A bloom

. % Metaframe, Maywood, New Jerscy
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‘( e ‘_-::o'f ,c?iatoms o_ceorred s‘hor'tly after the cs_ta’tblishr‘oen"c‘of the
aquax;ium; ~pc,>s'sib1y'of_t:hegenus rNi‘tzsehia. A'Dui'in'g the'bloom,'

- | : the» ha‘z:pectieoids.elso 'r'e’ac‘:'hed' tl‘me‘.irA peak abuodance; ..In ail of_.
'—ihe 'o-t.h.er aquaria no ooligafe ca‘roivo:es were pi’es.,e.‘nt,vt'so that : B
A __Ac.opep_ods', osf‘:raeod‘s; ,2_ Camrhlat'rus, w.at_err ‘mites,‘ and flat worfns,

surv1vedf0r rﬁany rr.lzon.ths.. -Tl"le Ge.rhm‘ar.'us'.ir.: the.In;di'an-Po?nt
collectlon(Sector iI) d1d well unt11 removed, wh11e those frorn '
T the Esopus eollectio'n_‘(éectoi‘. IiI) ‘a.;'e .é.lson-‘a.li\.(e atthlswrltlng
’ All .eol'lec‘ti.onsA have ost';.r‘ac-oc.is aod nematodes still: pre_sven‘t".:

':'_,T\%_l_elx}e mt.ls's'le_s fr'orhA Sterling Lake survived from 2 to 10 months.

'v.";.Th_ey vsfere‘ exposed to aigai .blooms -_:o:c_curr.ing( io_the Ipdian’ Poih\t_
‘ __ ' .; é,qoe.liviulo eod they <Ii.ic] Inot‘ v}is.iBlj affect 't'h-e aou»ndlan‘ce >of. al_gee:._\
| | A"I‘wouolool'm's of Aoebaeoe oeeorrea, one-_‘i‘n.\Nover;lbve.I"‘-D.ece‘m.b'er,
o i‘§67. and the s-ee_ond in January—Febroery, 19_6;8; ‘the c-on'd_l;lt';ions
_,:.leacllin'g to t};e de\‘reloprr‘lenjt -of the'bloor_ns .ere 'not. known. ‘S‘naile
T (_&LSE-) have sorvived extrer'ne'l'y well in the ~fresi1water a‘q.ua;jia.,
| . Shore orgahi‘srﬁe adeled AtoAmic_]chvanﬁel H"u‘dso.n Rix'/-er water
' aid not do well initially, e-)‘ceept‘for‘Anabaena» in the*'iriciia'n‘i':oi_ht"

/ . collection_sk, and rotifers éild n.er.natod'esAfroxn otherllo.c-_o;:ions._
O S : ' The Protozoa and bacterie yanished almost immediately‘ on transfer

to.the éqL1a1°ia. Later the ostracods and nematodes bécame, 'a'_nd
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- and Tendipes) as well as ostracods. .. The cop_épdds survived

- ._w-ere:pi‘es‘ent, they disappearéd within a short time.

. I;_e;rna.inA, t'hej, dom.inan't..in;‘/ert.ebra.fes. in all o:f the é;qﬁaria; (e.:'ccv:ept.
v ;I'm&é_od) with si_nAa..ils and Gamrnalus growi.ng vigdz;.ouély_..in thev
Indlan Point' _éhd Esopus équaria. | '_ O.r‘gabnisms placé‘d in large
.»_;Bc;wls; without aéeravtic.m or Ai'rect hghtmg, | all_so lived fQ:r‘a_.v

o surpnsmgly lonig-; time; i.é; »month.s. Thls is p;ijt.icul..ai"ly tijtié'

"';uof'the‘a_nnelid, Aeolosoma, nemato'des,. insect larvae (Chaoborus

orat bést for 's'é'v'é;ral months. The n_ématbdeé agaiﬁ suf&ived

s

’»-':_IA'A"Z_’:',W_lbn.ge_St_ for approxil?iafély an 8 month pei-io'd; On the other ha';d,

. Gammarus and snails did not survive these unaerated conditions

well. The Protozoa at first floﬁr.ished, but if copepbds or annelids °

In fi.n-ge r

1

N bowlé with wheat grains added, Protozoa did not show a cl;'a.'ss.ical

. succession of species; instead, the carnivores survived longer

than expected and were succ‘eeded'Ey._gpix'ostomutm which is

;,Bacférial feeder and after 9 ~rhonth_s '.isvth-e dominant form. In

‘one boWl, most of the hypdti:ichs’ have vanished or were eaten,

instead of becoming the dominant forms as éxp'ec't'ed".

An interesting example of possible mutualism was l"found.‘

A-_ mixed collection from Esdpus (Seétor I1I) was pl‘aced' in a f.ir_lger.,

‘bdwl; Cerophyl and an occasional wheat g‘"'ra.ih were addcd from

v
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"‘_’_was'_te"produ'cts fro_fn the OStrgcods were s_tir\n‘ulat‘in“g bacterial

Cypri's. ' The ostracods were growing and re_p-roducing. vigorously,

.}aﬁd_the Blepharisma, while paler thah those.usually found m

~conjugated, formed cysts or cannibal giants, which occurred in

oall 'of‘.rthe 6ther bowls or isol.a.‘tions cqnfaining the ciliate. Iso-

Y

~

growth which in turn p.rovi.d'ed'food fCl: the éiiiat'e. The role of. -

. the ciliates may have been to reduce:the number of un»favozjza‘ble '
‘bacteria and 't_o allow growth of algae, yeasts or molds Whicﬁ

' can be eaten by the ostracods. Subsequently after 8 "'months,

“the Blephariéfria were replaced by robtji'f_ers _‘(“vaicho'cérca). E

' 'Studies of the distribution of the dist‘inctiv:ely different

o Esopus straip a.nd »th‘e ‘C.oeyr.nané strain of 'Blephvaris.ma \xbl‘e\:r»e
attempted.,r but no 'czgntinui;:y c;f oréanis%ns alo-hg the ':sh‘or"e" Qf"the'

"Eéopu§ .couid be found. The cj:iliat‘e's app.ear'eci tcs be‘iolc-a;l to
small regions‘x;_e';r the. shor.é- (sec p..29, 'i‘able 7) cbntainiﬁg -

detritus, éspecially fallen leaves. _Howevcf,; the prescncé ‘of

|
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.(as evidenced by size.of living forms and shell rerriﬁéﬁts_ p_;‘éseﬁt) -

_laBoratory'culture (pale pink rather than bright red) had not 'eith.e;:

lations of the ostracod were unsuccessful. It'is possible v'vchat, the ~



“Blepharisma in detritus in an area close to another site containing

i the field.

'Ble-ﬁh-a“r.i.srr;a; could not be assumed.

- ~The development of the aquarium or the bowl culture tech-

.-_n'iclp.xe_ o_ft.;e‘rvs» an -.i.ntez;est.ing_ pos‘sib.ility-'fc;r, study of those" Orgé§isms
1n plankton "31'“ ShQ..re. colltja;:_.tic')hjsv thch aiz-'e' lost.-‘in the c'ustc‘ivn.la‘tfy '
. bulk fixation procedures. In addition, the study of the succession
' of SPégiéé 1n éirhpiy 9°f¥t.félle~d.én‘firc;‘?rﬁé‘?’tjal"éondi'tiéﬂs"_Q'f"fer'_-s’ ,

“a teéhhiqué for vunders.tand'ing some of the natural chaziges observed
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- - A‘ppendik--' C

" Greenwood Lake

- _Sterling Lake *

- Ashman Pond

’ ‘Indian Kill

-

- A brief survey of the_: plankton of a ril'um‘brer of small lakes in

-'_Si:ei'iing Fofest! as well as the larger Greenwood Lake vh'as been
m'a.de”. The c'_o’rhm‘on organisms are listed below. The collections
‘were made in .I\ily/August 1967.
'."Fi.la‘rhentous-‘al.gae o -"_ "

- .Dinoflagellates

Keratella

" Bosmina

- .- Keratella

.~ Daphnia S
- Copepods

' Small flagellates L.

Shelled amoebae _ o
Phacus '

s Copepods (calanoids) and n-a.ﬁpli‘.i '

\

| . Daphnia.

.. Diatoms ' T
. Desmids P SR
Orchromonas '

Bosmina

_S;Eir'ogzra‘

Frontonia

: _deatina

o ‘Tetrahymena

' _Filamentous algae

Volvox

. Filinia

Arcella
Heliozoa

- -7 B



o ‘ "Red Pond ‘47

. '_Littll.e' Sterlihg Lake '

Colpidium
Difflugia
Brachionus

" Keratella
Testudinella
‘Asplanchna
Ostracods ~
Copepods (calan01ds) and nauplii

- Hydracarina- '

_ Stonefly larvae

o bééfnids , -
o ’Copepods (Cyclopo1ds)
"', Bosmina . ;-

Daghga; :

L

Filamentous algae
.- Arcella -
. Hydatina R
Ostracods ’ o
. Hydracarina o - N
. Dipteran larvae _ o~




d'aC'Introduotion

' Pesticide Residues in the Hudson River and Biota .

-'F;BYE,MMTheo.'J. Kneip

(w1th technlcal a531stance by J. Hernandez,-

d:[ J Mlller and D Wohlgemuth)

A program of sampllng water, sedlments, plankton,

"*jlarger 1nvertebrates and flSh from the Hudson River

5_pestlcldes in the enVJ.ronment°

d.for pest1c1de re51dues ‘was. 1n1t1ated in 1966 and con- '

tlnued through 1967, 1n relatlon to a study of the use“

R \4
of freshwater and marlne 1amelllbranchs as monltors\of<

At present thlS study is almed at the 1dent1flca~'~
-"Ution and measurement of selectad chlorlnated hydrocar-
bons being used as pesticides.Lnlthe Hudson River~Water-

shed Area. Chlorinated insecticides'were'selected for"

’ujlnltlal 1nvcst1gatlon becaUse of thelr chemlcal stanl—

7,”11ty and 1ong term retentlon 1n the env1ronment Con-~

\

‘usequently the relative ease w1th_wh1ch concentrations“
 of these insecticides could be determined was considered _
important in establishing‘collection and analytical .

"techniques. The method of analysis is Gas Chromatography

e

| et
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.. Procedure

tion of pesticides is made as soon as possible after

‘ utilizing an electron capture detection system. The

'electron capture detectlon is a selectlve, hlghly

—

"sen51t1ve method for quantltatlve determlnatlons of

'jfgchlorlnated pestlc:Ldes°

To understand the effects of pestlcldes, 1t is

'{'rﬁtfnecessary-to determlne the concentratlons in the var?l.l
?1ious life forms in the.food chaln in relatlon to.the.'

'?f?tlme of year. ThlS overall 1nformatlon prov1des knowl-

*t!'edge of the 1nput and ultlmate fate of these potentlal—f;

':,ly harmful tox1ns.v X

-

The procedures used are based on those recommended

"iln the "Pestlclde analytlcal Manual—Volume I of the
4'LU°~S Department of Health Educatlon and Welfare, Foodid
" and Drug Adm1n1Stratlon, Rev1ced January 1965. Yield
_.studles have been performed Fcr each pestlc1de throuch a

'7. all steps of the procedures.;

" Extraction

A 20 to 25 liter river water sample is taken in

' a glass container and sealed until extracted.” Extrac-

‘receipt of sample, uSuallvaithin 1-2 days. The water

B 4a-2
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P

is contlnuously extracted w1th rec1rculatlng hexane

o i1n an apparatus spec1f1cally de51gned for thlS pur—

pose° The extractlon unlt con51sts of a meterlng

5jpump w1thdraw1ng the river water sample at a con-

'stant rate into a class chamber under constant agl-

-~

7iﬂtatlon whlle 1ntroduc1ng fresh hexane 1nto the cham—

0 ber contlnuously from a dlstlllatlon apparatus. The
ﬂhi_contacted hexane is returned to the dlstllllng pot
“"cv1a an overflow tube; The hexane extract 1s then

‘Afpassed through a drylng column of sodlum sulfate and'

B concentrated to a flnal volume of approx1mately 20 ml

Recovery of splked 1nsectlcldes from 20 to 25

v llters of Hudson River water was found to be a mlnlmum

'of 50% under these conditions. The current procedure

1ncludes ac1d1f1catlon of the sample when taken and

"addltlon of 1 liter of hexane at that time. Qurrent

. yields consistently exceed 008,

'Mud samples of approximately 200-300 grams wet

Weight are collected;in a clean:Mason jar. The wet

"'mud is then drlea at room temperature. in a Buchner

funnel under vacuun. The dry powder is then groundl

using a mortar and pestle»and%SO:g_ samples_are ex—~

tracted with n~hexane-using a Soxhlet extraction

apparatus. The hexane is then concentrated to a

" 4a3-3



'volume of approx1mately 20 ml in a huderna—Danlsh

,;,evaporator w1th a 3- ball Snyder column

Plankton samoles were collected and weigned
.after excess water was filtered off in a Buchner fun-

_;nel; The samole was then 1ntroduced 1nto a Warlng

.’"prlendor w1th 50 ml hexane. FlSh and bivalve samples

"W”are dralned of excess water, weighed and plaCed_in o

. the blendor. After two minutes blendlng at low speed

' 5hthe mlxture was allowed to settle and the supernatant :

71‘jdecanted A further 50 ml hexane was added to the

'ifso1id' and the blendor run for four mlnutes. Again

B ’;'the mlxture is settled and the super natant decanted

g ;and added'to the first. Again, 50 ml hexane was added

~

Vto the solid, the blendor run for iiVe minutes and a -
final supernatant decanted and the comblned supernatant

flltered (Whatman No. 1). The volume ‘was then reduced

" to about 20 ml.

© Ppartition and‘Cleanup7'

'fiThehhexane extract:is washed twice with 40 ml

':acetonitrile. Suhsequentlj the-acetonitrile extractf
- is reduced to 20 ml, backwashed with 20vhl hexane afterl.b
addltion of 20 ml of de- 1onised water saturated Wlth

.'sodium chloride, Then the hexane is 1ntroduced on to



.ture (200 ml), the extract-is reduced to 20 ml and is.

residues: lindane,lheptachlor, aldrin, heptachlor

_pDetection Limits and'Recovery

a prepared fluorosil columh (Mills procedure), After:

élution with 15% by volume.of]ethyl'ether—hexanefmix~

-;ready for gas chromatographlc analy51s°

All analyses were made w1th a Beckman GC- -5 gas

jchromatograph Two 1ndependent analyses were.run w1thA
idlfferent columns. Both columns are made of co;led» |
»glass, 10 feet in length 2mm I. D. Onedcolumn‘islkvl
{;V;packed with 108 DC 200 on Gas Chrom Q 80/100 mesh the
--other is a QF- l/OV 17 on Anakrom ABS 100/120 mesh The

e hromatograph trac1ngs were compared to standard curves

7’~'rfor,1dent1f1cat;on and quantltatlon of n;ne pest1c1de”

o~ -

’ epoxide; dieldrin,,DDE, TDE; orthoéara‘DDT, para-para

. DDT.

" Phe values in Table 1 represent the'loWest gUan—

htltatlve levels measurablc by the Gas quuld Chromato—
: graphlc procedures in- use° The flrst column shows the
h'absolute-amounts measured by the detector in a l,ul‘

" injection of a hexane soluticon of pesticides. Columns 2

and 3 represent normal lower detection limits for the o

-standard sample handling procedures in use. Column 4

et S35
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TABLE 5 -

Quantitative Detection Limits for Selected Pesticide Residues -

- Pesticide

- Lindane
: Heptgchior :
. Aldrin

Héptachlor¥ f

Epoxide

" 'DDE .

"Dieldrin

TDE

Injected

— P9

3.0
12.5

.’.-lO.,.O S
-’710., 0 . L
B 12.5
‘jzo;o-:

o 75,0*"4):'

" S0lids-100 g

ng/g

: : A  Recommended
Aqueous-25 1 - Detection

ng/l 3 Limits* ng/l . °

2.4 5.0
10.0 f, . 10.0
5.3 _”'};. ; (10.0
4.8 i};f ? . 10.0

Sgeo 1000

1000 0 2000

o160 2000

T 60.0 oo Lc 2000



‘indicates one set of ‘limits currently recommended in

- the literature.

Samples show1ng act1v1ty below the llmltS glven

Thave been reportedvas "Prace" if a peak 1s noted for
‘both GLC columns, and T (for tentatlve) if only on one :

~ GLC column Values reported as T or those left unre-

.:Q;f;~ported may be assumed to be less than two- flfths the

}e7hboth samples and blanks°

1 levels glven for quantltatlve measurements. ‘M_il

The extractlon, concentratlon, partltlon, and

: chromatography methods used 1n sample preparatlon are_
‘.based on standard FDA PHS methods. Recoveries have

fbeen checked by the standard addltlon method with

‘The overall recoverles fOf concentratlon, partl-

'tlon and chromatographlc steps are shown in Table 2.
_Ind1v1dual steps.ln the procedure normally show 95%

.Yecovery.

f The recoverylin the first. preparation step is

'checked by addlng standards before use of" solvents ln"

- theextractlon° It is of course 1mp0551b1e to add .

standards to samples in the identical form in which the

"pesticides exist in the environment. However, the

extraction procedure can be checked byhcomparison of

differing methods along with the standard addition_ﬁ

4a-7
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‘J.?Pesticide‘Recoveries -

"Pesticide

Heptac‘hlor : ) -' 807
":Al_afin o | "80.0 "
.f?Héétéchloé Epoxide o f.°i~ ;.ff"gs;gj |
'-":DDE'“;: L _: R 827
e -
0, ' mwr 81.5

PP
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’ mlnlmal results, averaglng about SOa'recovery.

‘Tf Samoling Schedule ' s.:'"57};;;*€;nhifﬂf::aidi'LSlf

“techniques. Recoveries for extraction of solids

‘:normally exceed 959,' Table 3 shows typical results

“'extractlon method | Intercomparlson of Soxhlet extrac—
-tor and Warlng Blendor technlques have shown essentlal—
:'ly 1dent1cal overall results for the unknown materlalsﬂ

lorlglnally present in the samples.- This 1nd1catesihv
"“‘:essentlally comolete recoverles by both methods. .ke;r
h{coverles from 25 l water samples show more varlatlonrh

”flhThe values for wa ter must therefore be regarded as

C

'yfor recoverles from blvalves u51ng the Warlng Blendor :-A

Hudson Rlver water was sampled at seven s1tes (see

' Table 4),_at Inwood 12 8 mllec north of Bat ery Park,
’*'lManhattan to Saugertles, about 101 miles north' Col-
'1ectlons were made in 1967 frcm March untll November,'

:-Mud samples near the shore were collected from four _d

'1the Esopus Rlver, about 101 m11es from Battery Park
._Seven plankton samples were collected in surf1c1ent
quantity for analys1s, all in. July, at statlons between_

- Inwood and Saugertles.

;‘51tes, from Iona Island 45 mlles from Battery Park to'-f



. Extraction of Bivalves: "Waring Blendor" Technique

3 GLC Responsne

‘ S Compound -~ ‘standard * gample -
- lindane . 48 Cbr0

Heptachlor . _ 23.5 T 23,0

Aldrin 30.0 28.¢

.-, DDE o 2hs ‘ -
. o { Endrin . 28.0 - = 28.0
' : P, P'DDT i - 20.0 21,0

 4a-10




; "-materlal

bR

‘Results and Discussion

The data are glven in Tables 1= 4 of" apoendlx A.

-—

S fWater - Llndane was detected 1n 426_of the shore site
”‘t‘water samples.. The frequency waSvhigher in the:Rond—'
'7f.out Creek (78%) than at any other s1te. No seasonal.

‘:ujf'varlatlon is noted in the results for thls materlal

Dleldrln was detected in 26% of the samples .__?Lr

A';agaln show1ng no deflnlte seasonal varlatlon. There
appears to be a somewhat unlform dlstrlbutlon, w1th

o Esopus Creek p0551b1y show1ng less ev1dence of thls

- Heptachlor is essentlally absent from the water,

',samples,_ DDT DDE TDE Aldrln and Heptachlor Epox1de

' all showed a remarkably 51m11cr pattern of assoc1atlon ’

w1th sprlng fresh water runoff. All,hlgh values were

< found in the Aorll samoles.

Aldrln and Heptachlor Epcx1de ranged fron 2 to 12

1-ng/l W1th the Ronoout Creek values hlghest The ranges'

for DDT and metabolltes are: DDE- ~10 to 52 ng/l TDE—

36 to 182 nc/l, o, p-DDT- 14 to 75 ng/l, p, p-DDT- 44 to
-7;244 ng/l° Further examlnatlon of the data 1ndlcates

that the sites divide into two types w1th values at the

highest end of the ranges found at the Esopus Creek

. ‘4a-ll '



" 'Sediments

zand.Iona Island sites and at'the:low end at the Rond-

-'out Creek and Marlboro sites.

~ e

'{ To properly establlsh the real 1nput of pest1c1des

1nto the aquatlc system on a mass balance ba51s would

requlre far more frequent sampllng at a greater number -

'ljof 51tes over the perlod of sprlng fresh water runoff
:ThlS monthly study completed at four s1tes in 1967
’_imay not have detected the hlghest levels and certalnlyfi
f.fdoes not 1nd1cate the perlod of 1ntroductlon with suf-
:'*-flclent pre01s1on._ Channel water samples correspondlngv

fto all shore samples showed only occaSLOnal Llndane

 Sediments in the Hudson River shore areas vary

'from gravel to muck in oonsistency° " The conditiOn at

a glven site also varles from -1me to tlme, apparently

y.dependlng on the tlde, flow and rlver trafflc.:

- The 51tes Wthh most con51stently prov1de black

respectlvely ) Both~s1tes are marshy and separated
from the maln flow of the rlver by rallroad trestles.

The Marlboro site is some lO yards from the openlng tO'

o

- et -

' 4a-12

‘?,,and Dleldrln, but the rest of the res1dues were never

" muck were Iona Island and Marlboro (mlles 45 2 and 67 3



y ;:g.j _ :'xlf:the maln.channel and was less conslstent 1n bottom
‘ | o .concnhtlons., .The Esopus and Rondout s1tes were on the
'streams in areas of relat1vely good,flow whlch pro—lh
'jduced generally gralnler sandy types of samples.
‘ The overall ‘pattern of the results clearly shows
75 sorlng 1nput to the sedlments.' The general level
.ffls 0 to 100 ug/g or about 1000 tlmes nore concentratedv
.:than the water at 1ts hlghest levels. : Ml»t.f:t}'
| "~*The muck samoles show the hlghest levels and mostr
1:*con515tent flndlngs of reSIdues throughout the year.
JIA general range of 10 to 50 ug/g occur: 1n these sam-
o ples from Iona Island and Marlboro. There are 1nd1—’
zr_catlons of low (O ~10 ug/g) levels of several pestl—!T
‘ | o:.de.;resuiues_ th_roughout the year atlall SItes__. Th‘e.,
o L }Iona?Island siteuand to some extent the“Marlboro. |
site shou evidenoenof aeéradation;oF~1oss‘ofhoertalnA
:;residues followed by freSh innuts.'vThis is partioUIarly
-,"._ ;ri ::_'fﬂ;eVIdent for DDT, 'DDE, ‘and TDE but alSo>shoun for B

'L»Dleldrln at Iona Island.

Mid-Channel Plankton and Sediments

- Plankton samples and bottom sediments were obtained
from the channel at various sites in July. Water sam= . .

. ples at this time are at levels below the detection limits

42-13
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N and Shore site sediments are. at or near the\low_point

'rﬁ‘for the year,

The channel sedlments are moderately elevated in - -
dfseveral re51dues-1nc1udlng Aldrln, Dleldrln and DDE

A-The plankton, however, are extremely*hlgh in all pes—'

‘ggft1c1des examlned Wlth many values as high as 600 to

i 800 ug/g° These exceed the hlghest sedlment values

_hby at least a factor of flve (20 to 600 for concurrent

"h_~Samples) and represent concentratlon factors of 3000

to 4000 over the hlghest levels observed in water.‘ The'
concentratlon 1s probably 100 000 to 600, 000 fold over

”e the levels in the water . from whlch the plankton were’

"fhdcollected “‘:A f 3.}1~ Mﬁ:‘;:fa e';': .b‘ 'd >~

~

These levels are very hlgh 1n comparlson to the
planktonbfound by Woodwell (l)_ln a Long Island_marsh.

A.AssoCiated Crustacea, fish ani birds showed much‘higher

‘*%-levels, even nearlng lethal values in birds. The plankf’

ton observed in the Pudson 1n 1967 include 011 con-
talnlng spec1es which may account for the concentratlng

of the re51dues in these menbers of the food chaln

No 1nformatlon has been obtained to date on fish or bird

spec1es. However, if the usual concentrating processes. -

.occur, thc hazard to some speclec on the HudSOn may be

_greater than that noted in the Long Islandvmarsh,_'

4a-14
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The‘ehromatograms obtained from water;,sediment,_

:niretentlon tlmes and numbers of peaks desplte the- con-

;51derable varlatlon in concentratlon levels° -Typlcal

~ to provide tentative_identification for the various

: peaks. No'attempt_has been made to estimate theA

- -bf:pfobability of extraction and separation>of the pro- ’

? data from the Food and Drug Admln;strat;on°

anposed materlals by the procedurc 1n use, nor. has any
- evaluatlon been made of potentlal 1nterfer1ng sub—

'lstances,' Comparlsons have been made w1th publlshed

s - ) : ,.'\ :
L <
L " :
" . “: ..
1 .
o .

4a-15

. plankton and bivalves show a qualitative similarity in

~op

. results for blvalves and plankton have been evaluated :J
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 Tablel |
Pesticide Residues in Water .
- Conéehtrati,on, ng/l (a). .

T Lo R Héptachlo.rf;_"“ TR ‘ T
Location (b) - . Date Lindane Heptachlor Aldrin Evpoxide: DDE Dieldrin® TDE O'P,DDT P, P'DDT

. Inwood .' 7/25, e - - 5""- - - - S -
(12. 8 mi ) 8/22 . - - - = = B

Iona Island - 3/2 L5 T v 2.2 ‘Trace . T - _
(45.2 mi )’ 4/13. - - - .. - s 50 520 - )
- 5/12 " Trace - Ce el e e - _f" - - -
620 - Ll 11 Tree .-
S7/25 . T U Trace . e .- - . e a0
. 8/24 - - 0 e . .. Trace. .- e e
\V-'._ 11/15 s .-'_Trace . - ‘..’ ‘ o . - - .. T . . o " _ . ) S

L Mosdna Creek 7/26 - . Lo oo 0o
© (565 mi ) S 1 ey S S

Marlboro C3/2 30 o e e e L2 zn2 T e T e
(67.3 mi ) 4/13 0 - e 2,27 0 2,6015,0 T o 075,026,007 90,0
. - 5/12 R R e T
6/20 . Trace - = .. - = G e e oo e e e
7/25 0 T e e e e e - - o
8f24 - = L v ea U ocae e UTrace L - o= -
C10/1Y . L L e T e Tl L . ' Trace. . - - - R
COI/15 T e e e e e T T e T e e R
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{a) T

- . Appendix A ('c<:>n't) . Co

haY
~.

Location (b) Date

' . . .
. L4 . ‘

' Table I (con't) .

Heptachflv’oz""

Epoxide DDE . .

Dieldrin -

P, P'DDT

Rondout Creek 3/2

(89.7 mi ) 4/13
- 5/12
T 6/20

7/25

8/1

8/11

8/24
~lo/11

. Esvopus Creek 3/2
“(100.5mi ) = 4/13

5/12 -
6/20 .
7/25

8/1
8/24

10/11:
11/15

Saugerties - 8/1
(100.5 mi )

Lindane Heptachlor Aldrin '

o o o )

4 .- - 5.0
Trace - - -
Trace - - -
Trace - - ~ -

‘Trace - .-

"._".'Trac'e_‘, Lo -
. Trace = - ~-. - e
‘Trace = - R

12.

" Trace -
10.0 -

Trace

tentative identification (one GLC column only)
not detected on either column ' .
(b) Mileage figure is the distance from Battery Park, Manhattan



81-®y -

- 100.

45,

45,
45,

Py
B

' 39,

B o]

- 39.

~100.

\.

.‘.’ .
~-

M
I

Mile - .

Appendix A (con't)'.j -

1967
Date

Lindane

'Sediment Sample Shore Sites .~ " - .-

- Concentration, ng/g . ¢
Heptachlor
Epoxide

Heptac hlor

o Taple2

Aldrin

. DDE  Dieldrin
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67.
67.
67.
67.
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10/11
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3/2
5/12

6/20
"7/25

8/23
©10/11
11/15

5/12

7/25

8/23

-10/11.

11/15
" 4/13

5/12 -

7/25
©8/23%
10/11
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.0

oo
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36.
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0.

0

2
o .

. DN

Ho

coo oo
NV 00 R ™

N 0O oW

o
w

coowndMr

TN o O

1

® @ 13

0
.0

14,0

P
f
o
L
o O



ol

. Table 3

. Appendix\-A .(con't), . . o _':"-' L 4(\’ o

. 'Pesticide Residues in Mid-Channel Pla,nkton é.nii_Bbtto.rn S.edirrients."

‘Concentration, ng/g

Plankton

Heptachlor o

. Mile Date Lindane Heptachlor Aldrin _ Epoxide _DDE Dieldrin - TDE o,p'DDT p,p'DDT °

3.4 7/25 - - 510 - 360 370 300 780 253 . 670 -

L U - a0 60 .. 60 160 10 . - 430

" noo - 320 150 160 200 -150 - 380 190 450

417 7/25 - N - .. - 140 -~ 40 8 100 20 110

AT 7726 - 420 . 250 390 170 210 280 ' 150 500

56.6 7/5 - - . 120 130 . 60- 140 k. ox  x

56.5 7/26 - 250 130 10 30 50 .40 - 40 90
' 89.7 - 7/5 e o= : © 150 125 , 50 .65 - Cak ok -
100.5 7/5 . - 610 190 240 L. 50 - 10 - 40 60 60
‘Sedimeént - '

‘1.4 .7/ - - - 9.0 . 150 160 . T - - T

4.7  1/5 e _ -' ",_ Ll 1.0 , 30 © 8.0 " T B T

Can7 7/24 - -0 . 1600 - 010,00 15,0 T e T

-

e 1Normal detection limits not'a}pplicable as the detector senéitivity was zléwer'_tha.n normal for these *s'ample"s‘.
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-~
3

.18
.25
.32
.40
.45 .
.52
.58
. 68

A
e 4

.85
.94
.00
.20
33

a0
.38

1. 61
1. 71
2.00 .
2.30
2.50
2.68

"Diuron, Neburon, Ethide_

R Ronnel

.. Chlordane Tech. '
Aldrin :

Hept. Epoxide

o, p - DDE Chloi‘danee (Tech) 1.33 -

Dieldrin’ C

pp Methoxychlor Olefin

oo T 0.

(DDT-Tech. ) 0. 33

" BHC (alpha) 0. 45
Lindane K ©0.52 "

| Pentachlorophenol L e - 0.58
N-Butyl Ester, 2,4- D L ) ©.0.68 .

0.74

0.89 .

Lo o
1.19

138
'1.50
1. 62

‘Butcxy Ethanol Ester 2, 4 5 T e 2034

/ / ’ Zo 52 "

2,72 sl

. 'I‘a'ble 4 S )
Qualltatlve Identlflca.t:.on
" Bivalves " Plankton
- Relative o S ~Relative - _ -
Retention Time  Pesticide Retention Time Pesticide

Di\iron, ‘Neburon, Ethide. o
DDT Tech.

BHC (alpha) -

Lindane
Pentachlorophenol .
N-Butyl Ester 2 4-D .
Ronnel -
Strobane

"Aldrin

Hept.  Epoxide.

_o,p - DDE Chlordane- (Tech)
" BEP Ester, 2,4-D (Tech)

_ Dieldrin
e .,Butoxy ‘ ' :
" . Butoxy Ester 2,4, 5- T -
“p'p, Methoxychlor Olefm '

BEP Ester, 2,4,5-T (Tec-h)
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';_:;BIOLQGICAL MONITORING'EXPERIMENTS: "PESTICIDES

By T J Kne1p, G. P Howells andA Perlmutter

w1th a551stance from D w. Bath H Hernandez and v 7
J Mlller ~

oo

ST 'Ihtrodu,cti'on.

. The ability of lamelli‘branchtrnolluscs to concentrate ‘traeev_

T _qﬁé.ntities of po‘llut_a::tmts"in the aquatic envirjonrhent suggests their
' tise as bio'logic-al'rflonit‘ors in the fi'eld. S-everall’_'investioatorsA
E have demonstrated the concentratlng powers of different spec1es 1_»‘ '

0 of molluscs (R1ce, 1963 Chlpman, et al 1958 Pohkarpov, 1966

Butler, 1966) and it has been shown thet 1f exposed to contmumg

s low concentratlons, she11f1sh accur’nulate"msect1c1des and ,other _'.

pollutants until the source is removed. In some environments,

" appropriate species to demonstrate accumulation are not available,
. “or not easily collected, or they mey be already too heaifilf corr-v

‘taminated with the pollutant to be studied... In such instances, it

is more convenient to collect animals fiom an uncontaminated

environment and to transfer them to the contaminated environment.

o

4b-1



_Hudson‘River' and to use.them in field conditions to test their -

ideally should be -en_demic to that environment. 2) It should be

‘This laboratory h.a's sought to identify suitable species for the

v

ability as monitoré.

~ Appropriate As'pec‘iesv for this purpbse( musf be chosen with a

) number of criteria in rrnlind':' 1) | 'I‘he 's'pécies' should be able to bl_ive'

L : _41‘.S.n'CCe.SASf‘L_111Y in the polluted aquatic environment in question, and

»

', available in large numbers if necessary, and easily maintained

T ;,n_'d handled for thevpurp.ose's of ex‘p.er‘iment.' 3) It should con--

- :

E centrate the ‘poi.'lutant effectiyel'j and in a vmanne.r -béari‘ng‘.a Simpie

S .mathemati'cal relationship to the‘éevérity.\of' the dose 4) It sho'ul‘d.’_ .

~

'réspond'tb changes in.pollutant-concéntra-tion né_ither too rapidly ‘ |
for effective sampling, nor too 'sloiwly to achieve an adequate

.response in a reasonable time period. ' e

- I—iﬁdéoﬁ River Tesf Sit'e.s

' Two sampling sites were selected, one at Piermont Pier,

Piermont, New York and the other at Sé‘ugerties, New -Yox.'k (Fig. 1).

The site at Piermont is mesohaline (3‘. 9 °/oo - 69 ©/00) and was A

chosen to test four species of marine shellfish as monitors: the

eastérn oyster, Crassostrea virginica, the soft-shell clam, Mya

. arenaria, the hard sheclled clam, Mercenaria mercenaria and the

ribbed mussél, Modiolusvdcmissus. * These shellfish were un- .
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' 'H'uds_bri River sit'e.l

ting the anixﬁals at the two sites. These have been used and

available, or not readily.av'é_ila:ble, in the rivervev.en.though the
oys't.er. has been cultured and exploit‘éd cofnmercially in the river

as far north as' Haverstraw Bay. Hence these species were ob-

. tained from the New York State Ccinséx:yation Departfnent's Division

of Shellfisheries Laboratory at Oakdale, Long Isla-.nd‘.v The animals -

© . were tra_hsferred from an average 'séli:nity of 22 °/oo. (range 18-28 |
" %fo0 at d‘iffe'rent‘Lorig Island collecting sites) ah_de.e‘r'e found to”

: be already contamihated with a low level of pestiéide residues.

The second site at 'S‘augerties,b ju‘st"rio‘r'th ofVEso'pus Creek,

is a vfresh\‘avka.ter_ e_zfnv'ironmen‘t,: alf;hdugh_é. tidal rise and fall is

. "‘observcd.. | _Fér this site the freshwater fpu‘sv'sel, ."Elliptio complan-

atus, was used.” This mussel is found commonly i.n.th'e Hudson
River in the freshwater zone, but it is alre'édy heavi'ly contaminated

by pesticide residues inthe river. llowever, the same species is

" found uncontaminated, easily accessible and present in sufficient:

numbers, in a lake (Sterling Lé.ke) adjacent to'thellaborat.o.ry, and

mussels were transferred for the éxperiment from the lake to the .

Initially, various types of cages were constructed for restric-

_,‘,u&»‘



S

. system developed here consists of fastening the animals toa set . -

‘ ofvsim'ple wooden X pieoeé suspe_nded »_on'é‘l_ihe held upright in

. of atta"ching' freshwater mussels to'_ai nylon line, and suspension.

re'po'rite_d satisfaotory'inAothei‘ énviforiments (Godéil et al. 1968)

. However, thcse Pr oved bulky and cumbersome to handle from
snjial'l_boats; in addition, we found that sediment-levels and water
movem'en.fs in the Hudson River led tobthe'shellfish being over,- A

, 1'\3&)hé_1me'd by silting and vunable to clean themsel.v.és'. The unique

e

.).

the riv_vexl'. ) " In this \_w)ay; ‘the animals wore able to ma.int'a@ih them-

. 'selves in'a healthy conditions, and the apparatus was easy to reach.

and handle from the small boat in the river. .A_s.irr-lil.a'r method

" ina ri\vrervprovedi unsuccessful (Bedford et al. , ‘1968).' '

_ The cross-shaped wooden slats ineasured 2" x 24" and a

E .total of ceven were assembled at foot intervals along a vertical

llne (F1g 2) ’i‘his c.:oulld be anchored on the river bottom with

‘a lead welght and was held uprlght by a plast1c float : The shell-

ﬁsh were held at 16° C in the laboratory after their collectlon

o from _Sterling Lake or receipt from the New York State Cons‘ervation

Department's laboratory, and then assembled on the cross pieces

in the laboratory before being'fransferred to the appropriate

4b-5
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‘ &‘ - | '-s‘lz‘xmpling. 51te S.on‘lle- di'f£icuv._1‘t_y was experlenced in fas‘téning t}vxe.'
- - .— | she11f1shf1rm1y to thé '.“‘/_‘dode‘nlslats.u leh'e.'fre.svthéter and marin;
“—muss‘els with thelr r-eiativeily stnob’éh and reg@}af éﬁaped s}.lélls”

) : ﬁvéré .;:as:ivl‘}‘r»_fa_;sie‘réed. w1th ;;ubiae;x' ce;;eﬁt*.:__ | Ho;véyéxt, :oy5te'r§
and h.ar.‘d clamsw1th ir'regj\..tl'ai; shaéed’sheli; had to"be. .fa.é%éned N
., by both rubber ce;;ne.nt; and afast settlngCement’w'« '. 1n an 1nd1v1dua1 _

5 -

.."pre'shapéd' cast, which was in'_‘turn g'lu'ed ‘to”th‘é wooden slats. ~ This i

whole p_focgaufé .Vt_:o-olk.iébodt_ 5 hours for s.e.tt‘.i'ri;g: upeach ".lni‘he"b
carrylng snc 1nd1v1dua.ls ofthe fourmarme spec1es, Wlth a. to.t:alﬂ_ :
o of 4? anlmals .fdz;- eac.h.”line"'_.. | The piéceé# re’q'ui‘févd 3. daysfron1 )
"4.c_01'1ecti'q-n'to. i.mplanta.t.i'on. Dur1ngth1s perlod they “;éré ‘k;:p"cA g\ut
- o‘f ;ra;c_er',“ bu:t,..in a.- 16° IICvqonst_a;v.rzltvthémpér‘atﬁx:e ;_o'o@ andkept _
: :'cvo“\.r:ef'ed W1thdamp clc;ths.. k '
Suc hneé éa.'.cﬁ‘ .c':a..rz."yinrllg .7_ cross .piec':e.s“'w'ére .set.:‘in the ri;r-_er"
a.t P.‘ierrr-i‘én_t ‘oive-r ‘ab peri.od of (; {veglgé, beginnir_llg- 2 Ob'Jul.y 1967;.
w'é_-ekly vsa.m‘Lples of aﬁim'ais.w'ezje t'aker; f.ro'r%lv.-the c.:;foss pi-eées iat a j
__ ‘. ;;,1;ede.lt<—::.1_'.min‘ea ievei éf eaéh iinéAo{re_x", a 'pe_ri‘odlof 8 wecks (Table'.]).f

"'>,At the freshwater site at Saugérties, the 'same;proce‘dure was used,

with thé single species Elliptio compianatﬁs; and with only a'si_ngie

‘cross piecc on each vertical line since the water is shallow at this

- -# Weldwood Contact Cement, By:- N US Plywdod Corp., Michigan.

- . %% "Porarok', Fast setting cement, Hallemite Mfg. Co.
I!. X
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_ ‘=_Line‘s . BRI o : '3j-' ,j._‘ Elevation on Line

-'wee'k'__‘ 1. B

st level

A '.:Van .level A
; ard level g

4th. level"

v © 5th level:

 Tthlevel

¥ animals°sampled . = : ,

animals not sampled, which remained on crosspiece
3 N . . ) )




‘f . ) site. '.Eé.é:h'_CI.'.orss P.iecei..cv_la;‘ried .2'4‘.aA.ni.r‘na..ls_, :-a.nd 2 liﬁes .wéi‘e |
. .s'ét:é?ch wgek'for 6 weeks, and ;amples were taken over a pv.eriod
.- c‘>f"8 \yéeks. |
) ,_ Cohtr?:l_éémpies we‘re.:f 'ian.al;yzé-d fc_)r_ e%.;h spehciesA .1‘1's.e'c.ll :and: fo-'rv .
each lmeset In tot'?.l; a i.;jvve'elkly éamélc;, Qas fakgr; df.e:a;chl o'i:
" ;_v-,.th'e: five Sbeci;e.sv, :"cogétlher Wltha 5 gallon wéj;_ér samvpieA.at each
g s1te Sallmtyand tempé.:r‘afﬁré' at the ‘twhc.)“s'iteis. werye;f'_r'e‘éo.rdc;‘d: , |

LT (T_ablé 2).

. 'Ahélytical Procedure for Pe‘s>tic‘id:é IR‘es.,-idltl.J.és o

Each Weeklrsar'npvl'e. of animals was ﬁrvans;;ffe-ri;e-d' to fhé '
. laboratory a;ud.tﬁé:.fie:s'h separated from the si;éils and drained._
‘ | : | : The ﬂeéh \;as-We.ig,h’e_d’.jv,‘"réppédin Ia,.ljuﬁf.li'nur»n f_éil'Aand deeP. ._..f¥oz\én.'
- v e Iéubs-équehﬂ‘y’\ thle‘friolze-n Sa'llnAplve.‘s W.ére_ pa;tiall'y' _thawé.:dx': ‘rei-

.'\ ._ e févé'ighe_d, éﬁd transferred.'_co a Waring Blendor .with'>100 r’q}hexane o

PR ~(for a sample weight of 25-40 g). After 2 minutes blier.tdi.ng at low .
-~ speed the mixture was allowed to s_ettle" and the supe‘rnate déczinted. |

| A. fu'l;f»herv 50 ml hexane we;.s aadedv‘ to th.e‘ solic;i,'.and the Blendor
~ run for 4 minutes. Again the mixture is seffied! ahd‘the s_'ﬁper- -
i /. nate decanted and added to the first. Again, 50 ml Eéxahe.was

O S " added'to the solid, the Blendor run for 5 minutes and a final super -

nate decanted and the combined éuper_néte filtered (thnuin No. 1).




""‘;I'avble 2: Saiinity and T.empe'rature of Hudson River at Implantation
- . Sites. N e ‘ SRR *

- ‘ - o - Plermont o : - Saugertlcs .
Q/) [ Sallnlty - Temp.** S Salinity * Temp. ol
T TJuly 20 0 o o ~July 21 g L '
. "Top 5.2 28.9 . Top 0.06  26.8

‘.. Bottom 5.8 ° 27.8 . Bottom 0.06  26.7

s aye L
LS.t Tep 5.2 27,3 . Top 0.0 . 28.0
-f.Bott_om

Rt
Y =

27.3 . . ‘Bottom 0.0 ' 27.0

S Top. 3.9 . 262 Lo Top - 00147 26,2
. Bottom 4.1 ~ 26.2 . . Bottom 0.04  26.2

Ny
fe)

S i Top .. 26. - - Top  0.05 24.8
© ..~ Bottom > 26,0 . . ’'Bottom. 0.04 - 24.8.

oo
SER-Rt

o

o .

S Awge 0 Aug. 18 T
| ‘ 7 74 Bottom 6.8 2503 .Bottom 0.06 25,

. Top 5. 23.2 . Top
~ . Bottom T 23.1 - . .. .-Bottom

"o m /)

.02 22.5
02 22,4

TON
o

[§,]
o

.7 Top . 24.3  Top 0.12 2.1 - .
o Bottom _ 24.3 ° ' Bottom. 0.12 o212

f1=8
o
o

128
SN

Sept- 7. isepti8 .
- " Top 22,5 Top 0.08  23.0
Bottom _ : L - S

o O,
w

A -
e
* Sahmty expressed as %o. :

O . T oR% Temperature expressed as degrees C
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Ll . This extract (approx. 200 ml) was reduced to 20 mlin a

Kudern/a.-'Da_ni.sh ev‘aporat‘o_r and 'the reduced ektract_ruashed t\\;lce
: w1th 40m1 of .a.cet:onit'rkile.. : Subse‘quently: the acerouitrile e:;vtr:a‘ct
. '{vae ‘.re'c‘Iu'cec‘} ‘to 'Z_ij'l,‘. b‘ack—washed-wirh 20 rh1~hexa'ne after'_
.‘_:-"ad'dit?ivoni of- 20 ml_of_‘ deionised V'vater_.s.aturated w1th sod1umch10r1de
L Then 20 mlof the hexane extract 1smtroduced on. to' 'a‘pre;;ared'
fluor1811 column(Mllls i)'rolcedure,) After elutlon W1th 15% by )

o volume of ethyl hexane mlxture (about 200 ml) the extract 1s

' _‘_'reduced to 20 ml and is ready_for' cas. chromatocraphic ana1y51s. »
‘ . v(i':All. analfses were made Qlth a Beckrnan GC 5 éae Achromatoel aph‘.
' ,. Two ihdepehdent aualys'es were run w1th eliff_erent lco‘.lumns.. Both
e col'um‘ns are‘made.of.coileci glaes 10 'feet in '1en0th" ZImm'I. D.
One column is packed ;«v1th 10% DC 200 on Gas Chrom Q 80/100
| 'mesh the other is a QF - 1/OV - 17.0n Anakrom ABS 100/120 :
mesh. | The chromatocraph tracrnc ‘was quant1tated by reference
VAto.stahdard's of nine peeticide residueS' lindane, heprachlor, aldrin,' '
__ / -heptachlor epoxide, _ciieldrin,'bDE TDE o, p - DDT; p, p - DDT

O . In addition to these substances, there were a nurnbe1 of umdcnufled

' peaks 1n the chrorﬁatograrh (Fig. 3).

4b-11
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| .- .7 Figure 3

L "Chromatogram of hexane extract of s;ﬁeciment of _A
Elliptio complanatus native to Hudson River at ¢

Saugerties.
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o Biological Results.
‘ N - - Freshwater musse’ls, Elliptio complan.é.txt's,-collecté'd from

N S,t_elv'li.ng ALake for the ekperirhéﬁt, were of uniform size, 5.5-'79

mm, and showéd a unir_hodal size distributidn (Fig; 4 (a)).

' Ellipt.io 'complan.atus .a.dagtptec.fwe.ll_t:o‘ 1ts I';ra'.nsfer to the ri?er_ 'a.t. |
' '- :-:'Sa;ge%fn:ies; fhoftaiitjr was f.i.‘_S% of ‘é"86'an:;i_»t%1a_ls us;,eé'-i;. The rﬁeani
Welghtof -iﬁdividuéls at t;hé ;sf;‘ax;t .of the e:icpv’éri.t.‘r.l_ént‘wé.s' ;5; 1 g, , "
- ':é..nd durmg ﬁhépér'ip.d‘-of the .5_-v‘v'e_e1; 1mp1antat10n, 5.1 to 72 g
U In 'gc.ez;erall,j th:é.xl-néar.m weight of 1nd1v1duals Aaia;;eaiz‘-ecllﬁt'oi"ihéijéase.'

1e

.+ during sojourn in thé river at the implantat'ion“s._if:é, ihditating that
the animals were healthy and continﬁed to fée_:d (Fig. 5). -

©ot

‘

. ‘, 1 - v The rlbbed rrius-s‘e'l',-'M‘dvd;lo)lv‘:ls dern'i;:;us;., .réﬁg'ed .inv s1ze frc?m.

| 60-89 rnm, w1th a ﬁniﬁddal size di'ist’::iblutiio.n (Z“E‘ig.‘.‘ .4.(1‘3)) and the_i‘.r‘ .
‘;v; ..init._iali zfiver..a»ge fvles-h.\‘x‘/‘.eight x:v-as 6. 6 . ,I:').urAing the 7 ine‘_.'elgpe‘riod
g of .eprsure in the Hudsbn River, the ihdivi‘c‘i‘u‘a:l wéighfs rangéd_
:fro'?n 4.7 -71 g, but littlé iﬁdicatfon of‘ a.ny ;on:sisté:nt iﬁérease

g in weight (Fig. 6)

_The Qy}sters., Cirlassdst-fea‘v'irginica; .#ang.c.ad.f‘r,ox%l'SOv—"l44 mm
/ | ‘A (Fig‘.. 4 (c)) ar_ldbthe. ini.tiali average fl'e_as:h ‘\bveight was 8 2 g.» .'I‘hg |
O_ | o o rangé of.vweight‘ ch::r‘tI‘ic;: ‘7 wec-k..period'.was‘ 4.'8 - 10. 8: é, with
| x_xé apparent cénsi'steﬁf ;vcigﬁt in’cfeasé (Fig. 7).;: ’i‘he soft shelll.cdv | )

clam Mya arenaria and the hard shelled clam, Mercenaria mercenaria.

o | 4b-13




| lEigure 4 'Slze fr equnncy c“st; 1but10n -of lalnelhbranc.h
SPRE }spcc1es use,d in thc exper nnent'.
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oo
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{’
,‘ R were similar in size from about 40-75 .mm (Fig. 4 (d) and (e)).

el

' P
\
N

The inl_tial- aver‘age weight of the former was 6.8 g‘:and of the |
latte_l"-, 14.8 g, but few animals .surv'ived the course of the experi-
;i'rient.'_

Mortahty of the marine speC1es at the Plermont 51tes was*

.Ribbe_d rnussel, Modiolus demissus R ‘18% ’

"-'Oyster; Crassostraea virginica | _.25%‘ .

Harvdv s‘hell'clam, Mercenaria rnercenaria - '78%

o ’Soft s'hell'clarn Mja arenar'ia | - " 100%'* C

-

""'-"'.Undoubtedly thls heavy mortahty was caused in part by delay in '-
. _.':ff',..'.ﬁ“'..‘.handlmg and settlng up the apparatus espec1ally of the species -
e 'whlch were unable to- keep the valves tlghtly closed and, .1n‘.part V.
‘by the change in salrmty of the mednlrn to. the 5 5 °/oo c.haracter-

" istic of the Pierrnont site during the course of the experiment.

Analytlcal'l-lesults
| ".ﬁ;)s‘ti_r.nates‘ of'selectecl pesticid.e‘residtie-s m thebfle:s__'h ofthe
lamellibranchs us‘e‘d .in the exper'in{entsare shovvn 1n Fig. 8-11.'.
e ' . o Numeri.c-a.l clata appear in Appenchx A. _‘The level of pesticicles'

C o E E "1n Hudson River water at the two s1t( s was also followed durmfr

- - - % . At the end of l‘weckl of transfer to the river.
o L DU O
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vFli'g'.ure 8 .__DDE and TDE in Elliptio complanatus
T . implant at Saugertidés. ' -

‘Weeks Elapsed



Figure 9_  | DDE and TDE in Modlolus denns sus 1mp1ant
Lo T at P1ermont Pier. : :
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L f‘.igti_re n _ DDE ‘and TDE in Crassostrca vir 01n1ca

1mplant at Plermont Pier.
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: "mg/1)" .

SR Elliptio cotnplanaths taken from Steriinc‘Lake‘ initiall;r. eon'—‘

the other hand the related Anodonta cataracta and Elliptio compllat_n-

:atue from the Hudson River contained from 50 to 70 pg‘/g wet -

4

. the cour.se of the experirnent. | Ohly lirxdane and dieldrin Wer‘e'
' ‘found con51stent1y, w1th tentatlve identifications of DDT meta.bohtes o
‘,"on two occasmns only at Saugertles (7/21 3 mg/l 8/11 8 mg/l),

“’-A",.'--"‘:'but more con51stent1y at Plermont (from 8/10 to 8/31 up to. 4

4

o ‘talned about 10 ng/g wet we1ght of DDT metabohtes, but durmcr
fog _the course of 1np1antat10n (When the shellf.lsh were held in the

" -,_lalbo_ratory) DDT residue_s diminished,vto a negligible,amount On

~

K
3

B “weight, Jﬁefleoting the more contarriihated‘e_nviror_indent. of the river:

:On imbléntation, all groups during the _S—Week étarting period

' -ﬁshOWed an initial rap.id. increase in _DDT ﬁletabolite concehtration :
" followed by some intlicattoh of a ”levell.r'hg—Off't or equilihrihm I
'_‘(Flg 8) Sobeequently,' sorhe groups show et de'c.lAine,.ﬁbut 1t is not
_'clea.r whether this is related to a dec]me in amb1ent wate1 con-I |
: Ace‘ntrations (reéorde_d as. "trace" throughout) or‘to a-physiologieal

‘change. | Dieldrin was also 'f'ollowcd thro\ugh’thesc samples, ‘but no

- consistent data were obtained. -
;
B - /

4b-24



Py

‘At the me'sohaline site at Pier‘mont. Pier, the ribbed mussél,

Modiolus demissus, .s-inlilarly showed an increase in DDT metabolite N

Piermont Pier site is significant in this respect.

o i-vfew‘ weeks after implantétion.

concentrations after im_plantat_ion,‘ even though this species carried
_some residual concentration at the start of the experiment. Again,
. :there is some indication that an equilibrium level isAvr.é,ac‘hied after

. two or three weeks sojourn in the new environment (Fig. 9).

" : .Dieldrin concentrations in M. demissus were followed and gave a

LA~

fé.irl_y‘ cohéistenf picutre of increase, but little indiéa_.tion of

i'fequilibrium during the édu_rse of the seven week experiment (Fig.

1'0'). The qué'.nt'itativ'e. identification of dieldi‘in in water from the.
- o

. Data for Crassostrea virginica are illustrated in Figure 1. . -

A similar increase in DDT ‘_rnetabdl_‘i,_t_es is observed in:th;g_e first

The two other species tested as monitors, the hard clam

"Mercenaria mercenaria and the soft clam Mya arenaria did not

survive any appreciable time in the river, and their tissues were

not subsequently analysed. _ N “ REA R

Discussion

. Our observations on threc lamellibranch species living in -

. 4b-25



"demonstrsé.'te different uptake ré.tes; éspecially in vie\;/l of our lack .

.fresh and l;ré.qléiéll wa@er. «confirm thé findfings of:ipreviou-s 1n-
B Ve..stAi'gatbrsv fhz_xt .thié group of 'mo.ll'tiécs is abié to .conc‘éntrate.'" o -

:pdllutants ferm _thé- aﬁsient aquatic enVi;onm;ant (Bu1.;1e1r>, 1966,

God51l eé al., 1968; —Becifora et al.. 1._9.-68): .Our data aré nbc'>t.

s"u'i'ficiently precise to be able to 'c_i;nciufl_é that the different species

»

o of quantitative information about pest_icié'e concentrations in the

'- »'_aqtia;tic 'medium. However the' fresh-water mussels -Elli;etio

30 'ng/g“, even though a p-reli'min'a.i-y-. As“amivnling of this s‘pecies', and

- the relé_.te’d Anodonta cataracta, indicated concentrations as'hig.h‘

- 'complanatus seemed not to build up concentrations in excess of

L.

‘as 70 ng/g. The brackish water ia._inellibraﬁchs used s'uqée'sé;
_fullsr, the oyster and the ribbed>muséel, -ho“‘/ever,:_ both _shoWed
concentrations to 70 or 80 ng/g, in some groups within tfle"’s,e\}en- |

. week sampling périod. These concentrations may be compared

N

- with l‘ox’verfmean‘concentrations of DDT and metabolites in L"arngsil_ii'

siliqu-oidea at 4 stations of 0.08 - 0. 63 ng/g and in Anodonta gfangl_if
of 0.28 ng/g, after some weeks in a poliutéd stream (Bec.]fordk ct al.,
1 1968). The freshwater clérn, .Gbnidg_a._.sﬂp. , has a.conéé'ntratidh of

" about 7 ng/g DDT and metabolites in Tule Lake but much higher

(ICO hg/g) concentrations of endrin (Godsil et al., 196_8‘)4. .Oys,t'crs,

. 4b-26



- Crassostrea virginica, can accumulate a concentration of 25 ng/g

'_ V_,;'a;bout the balance of uptake and lb's‘s, nor does it distinguish between "

o omiges

L :fiCo.rhp_a'ri'son of our da.ta.\'yi'th those pﬁBlishéd in tlié lv'it‘er'atur'e,

. duri.ng- 1 week exposure, and. other marine lamellibranchs respond ° R

" in‘a similar fashion (Butler, 1966).

S The expefim_ent performed in 1967 gives no 'infornié.tion about

. -‘~rates of loss of pesticide residues in an uncontaminated environment, -

[

T :ft‘\'.vo-pos‘s.iblé rate}s:_ of intake viz., from t.he"féod or directly from
) the ambie'ﬁf rhediu:nfi! E Further field gxperitnenfs and supportiﬁg

" laboratory experiments to answer these questions are under way

~ .

- indicates that pesticide residues i}x“ghe_Hudson 'River_Wa.te_l_‘; or its '

 biota aTe consid.era‘bly higher than ir other bodies of fresh water in

No‘fth'America, and that the native or ekpe'r.i‘rnen_tal. lamellibranchs

" reflect. this higher environmental conéentrﬂation in their hi>g"he‘r

-

tissue concentrations. Levels of concentration similar to those

- seen in the Hudson River have Ab.eeh 1’epoi~ted for the biota of 2

FI.Jon‘g. Island environment (Wo‘odwell. et al., 1967).-
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. Appendix A

<A_nalysis_ of Pesticide _r_e_é’idges in 3 species of li'fhelliblianéhs.

_ tentative identification (one GLC column-only)

“sample not run

. .'no‘c_'det.é‘cted'ph either_columh_ L o ST



- .1y Fresh-Water Mussel Implants at Saugerties -

S . DDT Metabolites, ng/g
S ‘_' Implann.t - Date

Exposure

" Weeks '1:' 2 3A -.4 - 5 . 6

S

18 100 16 17

18 3% 13 16

e = : R R "

'2’:" 4 " Freshwater mussel ifnpl‘arits at Saugerties
. Dieldrinng/g |
- FIfriplanb_'t - Date

_Exposure Lo
Weeks ' 1 2 3.

123
o

e A T_T_.T__ T T T  '1"-_,

1. 1 ;26 12 T T

R Y SR TR S



.o .o C -

- Exposure

. Oyster Implants at Piermont Pier

DDT .l\./Ietabol‘ites', '.hg/g

- ._ I"n.lpll‘an'ts - Date

s .

Weeks

30 22 21 12

o537 33 43 a5

35 28 45

e

22

3 16 23 19 18

S ‘%E_‘xpos'uré
- Weeks .

i Oyster 'Ifhplants at ‘Pie rmont Pier

; Dleldrln, nAg/'g.

.i-”'.Implan‘ts - Date. =~ |

. ‘-11.-1' : 11 v, 9 | 5 ,4

w18 T

31 9 15 10

16

,29

. 4bo31



Esposure

' DDT Metabolites ng/g

| . Ribbed Mussel Ilnplants‘ at Piérmonf Pier

Weeks

. 57 o .
38

e

20:’7
14 |

24

n

s

_83”'
59
57

96

4

Y

34

20

34

o
25

36

57 -

i _-7’1.'_‘- o

17

a4

..Exposure

Dieidrin ng/g-

. Ribbed Mussellmplants é.t Pierrﬁoht Pier

Weeks

'-' 11 L ,
23

26

27

24

2

.15.‘ :

26
23

"33

18

12

19

13

4b:32
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"~ RADIOECOLOGICAL STUDIES, 1966 AND 1967

By:  Frank J. Cosolito

“Introductiodn

o -_i_\reported for 1964v~and 1965 have 1_nd1ca.ted a fa1rly‘_con51stent_ |

S paftern. ‘This conclusion was based on reprbducible values.forf-

In a previous progress report an account has been given of

, thlslabora.tory's _techz.lﬁique.for._ti}e pleparatlon o-i; \Qeter; } sed1ment
‘aﬂd.biolegical samp'les‘.fe\r.'radi‘cv)vnﬁ‘czlide'esfifnati-io"h-: togetherwuh
B ':».v,_an ale.cetlmt. ef the automated‘cbeuntn;lg techméue (1) The nuchkdes
 E'_"ji'_-'e.stlmated m the samples were Ce 144 Cs 137 Ru 106/Rh 106

'.:,"t"-co 60 Zn- 65 Mn 54 Ra 228 Ra 226 and K- 40 ' Thc data |

‘

naturally occur rlng K-40 (at o = 0 05 level of 51gn1f1cancc)

'Ihe rad1onuchde study durmg 1966 and 1967 has exposed

. several problerns inherent in multlple rad1onuc11de analyses at

levels approaching background. The se prob ems have been

". classified to two major cate‘gories: (1) those inherent in slamplihg‘_

f.:;a'nd'ceunting; (2) those duc to lir_nita(j.io'ns imposed by the mathe-

matical model for ahalysis of spectral data. 'Appcnd'ix Ais a

discussion of these errors.

- 5-1



Radiological Fintlings 11966-1967

subsequently incre'ased to 20 litervs' 'to imprdve counting'statistic_sA

'much more e:-.tenswe, from 3/2 to 8/1 When samples were taken

by the chanormrr 4OK concentration of the ‘Hudson River-water

"'During_l966 and l9‘67, sampling of water, sediments, fish;”

: and rcot_ed plants was continued at sites identical with those of

E "p-revi'ous'ye'ars (see Appnendix B). All _stations were close to;'
- _the ‘west s.hcre of the river_ at distances from 26 to 106 miles from
' _m__the Battery, Manhattan The collec'tionsy w'ere maae-between

S :,June and August in 1966 and bctween June and Octobe1 in 1967

. ‘The volume o£ water sampled was -1n1t1a11y'8 liters but was

.

(see p 8) Watcr samples in 1966 were collected from 6/27

e ,tO 8/24 every two weel\s In 1967 the samplmg perlod was

A~

" once a mont’h.' ) "l‘his 'was t_o obtain 'da.ta_"'on a l:lroad_er time base .
to be,m?.'ofe ‘repzl-es,‘ent‘ati.ve o;th.c’_vHudAson River tllrcugl}oat t_he
fyear. Sites -I_I-E-l arid_n-}_z:;?; were eliminated in 1967, and

-~ only west shore stations sampled, 1n order to simplify the collecting '

. sche'(lule. Previous years' 'res;;ults had shown ;l.ittle significant

differcnce betwecen sampl.es f_rom the east and.\s}est shores. __'A

' notable re’sult'of the incrcased I:ainfal_l in 1967,i.s demonstrated

ad

whmh was 89 pCl/htcr at statlon 1-W- 3 in 1966 but only 16 pC i/

5-2



,\ B htcr in 1‘:9.67. A 'sirﬁNila"rA change is 'see‘r‘i, el;.t'. s_tatiqn II-.VAV.—IZI,._.'ISA_
. | _t.'-f,‘C':i/"‘lit':-ér 1n 1966 and 9 p(.Zi/l_iter.ir; 1967.
- 3 . '-_.":he. fish sal_’npllgd inclqdéd  17> svvp-cciies, éf \y;hici‘l'l{l- were .
’ common to tﬂe ,I;)revibus‘ 3 y;ﬁars' ws.arinéles.. .Samplc' 51zevar1ed _:
| j:' w1th ;_‘atc.};, f‘roﬁ}_3‘00-:’co 2770 g T.he._ .ro'c.{te‘dAp]Tants' inc'_‘lucie;d.i 13
o spec1esm1966, : "'tl)uiiz.'“‘/as:re's'frvictéd to '4 "'"n'vlon.itor”‘ sp;-c.cie‘:sl |

) ‘_ _:.h'a.rvestec-:»liin September a'.nd'._Octobe_r in 1967 The mean ‘sé..r'np'l‘e' -

| size was 800 g with a range from 30001850 g. Sediments were.

A...H{:_"_:Ollécfed' at a11_-statioh:s and 15-;30 g' of ’samplé' ({ncluding a‘ny.”
small '_contai,necv‘.i organisms, but é;;cluding‘r'lafger'obvio.us' d‘etri'.cu\s)
. f; o wasanalyae d. .

o o : U Summa;riés of the data obtained a_bpeaf in Appen_ciix c, -
. ~-- - Tables I-IX, and a comparative account of summarized data for .
: .-'-"’. these ye:ai'é, _ togethér with pre_viou_é yéars,_ is to be found in the

. - {"_'jA-.-'it-ext following. |

' ’Sur.r'n‘nary of Raﬂiological F.indingsr 1964-1967
'Radionuclide data for 1964 to 1967 are summarized in Tables
e o 1_-6.- With minor cxééptidris, the data s‘\ippo_rt" the conclusions pre-
sented in carlier progress reports (Refs. 1, 5). Som_e 'aeViatiogls
O-: ' S ‘frofn pfcv‘iouslynreported conditions will be cited in this report.
. 65, 125 » SR
Quantitative cstimates for Zn and Sb have been e_xc_luded

. from the tabulated results but the valucs pbscfvcd are reported



]

‘ _~ « ... inthe text. Ruthenium-106 cstimates are tabulated but the

&/3 oo . validity of these values is doubtful in vie\\}_ of the similarity of .
.the Ru-106 gamma spect’rurri with that of most positronecmitters »

| -'(se_'e‘ Apf;enclix. A)..

: ,'-:_A-';-VWé.te r S,alnp‘lc'a.é. ‘
L In1966 sample volume Was I'ihcr'eased_ to ‘8:1it‘:e'rs,_,é.nd in o

1967 ‘tc_J‘_ZO_lvit'exjs;' before then a Sé.’mpie volume of 6 liters was -

' used (:Re.:f_, 5) Im‘p'r'oyerr.lent. iﬁ samplmg ﬁhdfc.:buntil-ng.téch-:,._ ‘
| nlques 1s lréfle.:-c‘teé ir; ..s.'ma.llér. sta.zlm‘c.]'ailj_.d'errorvs. 1n £hé 1966..21.11:5 -
1967 estlmates ’ In 11967'; | the'p.zt"b.g;an;‘of: an>ai‘)'rs.isr Waé éxp‘an'd.lé;i“

" .:1.:'0 _inc}udé 't{facé_ metals ‘and Apié:‘stic‘ides__as well é.é'_i;.adioﬁuélides. \

‘ | / In add-ition; | é_améling‘lwas e;.cte‘nic.léc.]. i‘rito.l O;tqber 1967; .

| - e : S.arinpl_i“ng.s:ites én thé ﬁﬁdsbn.R'i\}.ez; _durvihg 19>6:6>an-§1 1967
_ranged fr’or“lei Tal-;-ytc;wx}n to Séugertﬁes', OV¢1; a d?sténce éf;‘about“
80 rﬁilesL Alth.ough théré wefe 8 ;a_ﬁlpling statibon’sv t_ﬁé dé,t_a'
'Iindic‘.a‘f_edv th:a._t an .ﬁpperb (-nc;rt}.lefn)‘ .a.r;d lo§ve1; .v(soutyhern). re“gi‘o.n._.
'f:.la.n be de'fi'ncdb;r_the. convée;nt:c;aiti_o“le ofv 40K'oiase1;-‘v<v3d. (Tables )

1and 2) "j:he 4 K c'oncentfatioﬁ and hence stzibié,pét{a»ssliun.q.
k.cjan be used to dcliﬁcat; the estuaﬂrine and fresﬁivatér' én'iriron- :
ments. Just §thfh of t.he. sampling .site at Cornwall-, ;ralucs up

" to 65 pCi. _4OK/1 water have been recorded (about 1/5th sca water);

.~:1._.'



TABLE 2

37,

PiRadionuclide..

Qi;;Ratio.
- ‘Range
. i< ¢ .-, - Ratio |
“'4T.GOCo i.v'

_ ',:';;1 " Ratio

. gf?iOSRﬁ.l.‘ - '

~'Cs ;

: 144Ce_i

" Mean
. Range
w0 Ratdo®

226y

.- ... Range
SRR .7 ‘Ratio B
'E?N2?8Ra

-Ratio

" Ratio

. Mean

. Mean

Mean
Range-

Mean

-Méan
Range

o
. O
o .
ti+

Mean
Range

Mean |
" Range

Range
-Ratio

oo .

Radlonucllde Cowcenuratlons in Hudson Rlver-
' ~North of West Point
: ,;965 - 1957 Summary .

Water .

pCl/Jlter

.49
.51
.08
.73
.06
.50
.06
.50

.04
.35

.16 .
.69

.05
.50
17

.95

' 0.08

‘0.07

. 0.10 +

' Concentration in
1966
1.57 +

ND -

12/19

0.14 +
ND
12/19

0 07
ND

t+

©.9/19

.ﬁ|+

ND

6/19

ND
7/19

]+

+.

0.47.
ND
11/19

N O

ND -
14/19

0.30 + 0.

ND -

113/19

oo .

co.

1967

.44
.40

1.23 1 0.
N - 3.
13/s

v o

0.05 +
ND
8/15 -

.06
.58

OO

. 0.03 4+ 0.
“ND - =0
6/15 -
0.03
0.45
10/15,

79.02 + .
ND
' ;7/15

!
Q

0.16
ND
9/15

.17
.40

P ,
o

.03 0.03
.27 ND
- 9/15

HES
o

0. 12 + 0
ND
9/15

. 0.05 + 0.
ND ‘_~Oo

!
O

24
63

.02
.20

01

.14

02

18

01

.08

.05
.49

.01
.08

.04

" ND

*Ra?io

No.
of samples analyzed

¥one detected -

5.6

of samples contalnlng measurable

a

activity/total No.



‘X o . b.l\I‘cSrt}; Qf:‘.til;i:s 31te the :40KAC_01‘?;:e;‘1_t:r$.tions. are iﬁﬁéh lc‘éiss( | Sérr;ples |
- .:fr;-om jthe. .qu;n\,vall sfaﬁon gxhibi‘t highly \}‘ariaBie’ 4.OK"cc‘m»cen—
- - "‘;ra_.tio-n_s and hav'e_beén exclud;d fr:6111 the dafa .summaht‘r'y p;é'é_ented - |
.. here,but a..r('a-.liéti:éd.in _.A'ppendvix.A‘. o 7 .
:v‘_} Inthe ‘eis.t_l‘l_al"inve pél;i;ionl o_.i_'- the i'iver- (;ée T‘abl.e.' I) (Tarry- v
O ‘ towntOCornwall) a decllmng4 .KI con.c;ev‘ntra.tbi.(‘m' du'r:iné 1956 and

;;"_'-1967 compared with 1965 ?;’eflects a gfeéter:fre‘shwat.erj i‘_uﬁdff_ in

: . .those years, or other unknown factors changing the pattern of - |
! ‘sa‘l:t'w.a'.tvei' intrusién.  The average 40K-(:oncei1tr'a.tion-duringﬂ'. the

~pa§‘tmfour_years is approximately 22 f)VCiA/I,les.s-'tha-ri 10% that of

- "sea watér. For the northern portion of the river (C‘c—)‘rnwall‘_' to.

‘ Coe Saugertles) a more consistent 4 K concentration of about 1 5

pCi/l has been recorded ‘(Table‘ 2-’), -c;iﬁivalent to about 2 fng of -
B 'sta‘.lblc?: ﬁotas sium  per litef,éharaété:}i-st-ic of fresh waters.

‘ 226 228

T Estlmates reported for - Ra and Ra in water show

' 'w_ide {(az'iati'ons for both sectors of the rive'fthroﬁgh the period

R o 1964 to 1967. However, these estimates are Basgd on a small

" number’ of samples of low activity and only the limited .c‘oncl}xs‘ion

S is justified that concentrations of about. 0.1 pCi/l for both 6Ra.

[

™~ , C . 228, '
C = -~ . and Ra are present.

Estimates-fqr 65211'111 19’6'6 and 1967 were much lower than



O

- - .
w e

co 'éeht;ations of thés_e 2 fi—SSiOI"l prtoducts:in the 'Huds’on Rivef w‘a'ter :

- are low and ‘va.rlablev. Three samples analyaed radlochemlcally

for 90Sr in 1966 1ndlcate a conrentl atlon of 1 pC1/l about one-=

half the level obselved in 1965 , The qbs:e'rved ratio of 13f?Cs‘/ 2
9.OSr, 0.3, is compatible with-otﬁer publishéd data for surface. ,

" waters

'naturally oécurring nuclides, 226Ra and

those. repdrt_e_d in previous yk:a.r_s, '0‘.,6 +. 0.3 pCi/l ‘andﬂ"trac.:eAs'.’

're'spectivaly. " Only trace amounts of 65_2n are likely to be
. P_re“se‘nt in thc; Hudson Ri\)-é_rv' water. The_low and variafale values
"~ observed in 1966 and 1967 samples, e.ven"{'vith-ZOv 1 ‘x/oluméé of

water, do not justify any significant co_ncldsions about the be-

havior of_this nuclide’in the Hudson River envir"onment. )

-‘-Eslt_imatés f<._)Ar 13765 and 144Ce rindi'c'ated_ that the con-

’. .

T are décreasihg Antlmony 125 was. added to the refercnce spectra -, o

J‘

in 1966 and 1967 but the values obtained (about 0.4 + 0. 2 pr/l)

-

~

-g-a—-————'

LN

(2)

“), in contrast to values of 1. 7 in fallout samples.

.‘Irl‘general, the results _f_or'l9‘66_and 1967 water samples con-

firm thc conclﬁsi.ons of previous_ years that natural 40K contributes

“the maJor part of the total rachoact1v1ty in the river Watcr _Othé-r

22 8Ra, ea_ch contribute '

about 0.1 pCi/i. " In the four year period _‘su\rhm‘ar'iscd, the

upper river shows a declining _radioactix'zity for both fission and

activation products, while the results for '_the lower river are -

5.8



- tuarine sector of the river while sites above West Point are in

'.'&he ’ fr'eshw'a’éerf sector.

- ‘both seétors at concéntiations rangiﬁg from 5 to 23 pCi/g., ~ The .

‘concentration of abbut 1 pCi/g. |

more variablé, year by year, vreflelcting vafﬂi.able input of both

nuclides and diluting fresh water. The ra‘dioacti\}i"ﬁy due to man-

“made sources, in both upper and lower sectors of the river, is

L g — o —— —

-

T P ' 40 %
--one 2f four orders of magnitude less than that due to K. . :

.Sediments ,

o Surn_niary radionuclide data for s.edim'entAsr are tabulated v

; iﬁ the same wAa’y‘ as for w_a.te'r saniples (Tab'le'é"_3 and 4). '

I3

L v:.»'iSat.npli'ng sites below AWe‘st Point are .representativ'e-of the es-

s

" Potassium-40 has been detected in sediment samplés fi-qm"

1
/

. ‘mean c_on‘éen_tra‘tioh of 40K, in se.dizlne-nts tl'x'r_oughoftwl‘t kthe_vl?)i»\.rer,
é.'ppie:ars t-o.vb'e relafiveli unifofm at .ab‘Ac;ut-llv3_..vai/g. ..  o
‘7 A. Ra-.di;.ujn'—"ZZZ 6. is f'ound‘_in sedirné:nts Vthr:'ouAgimt;t Wlthlna
. x_faége 'Of.'o'. 2-2. 6 '-pCi/g. . Thé apPairent mé'anv_con_cen_‘tr.at'ioh for

" the qhtii‘e river bed is slightly 'greater than 1 pCi/g. Radium-

. 228 occurs within the riange of 0.1 -2 pCi/g and at a mean

60

o 54 -
The two activation products Mn and Co appear in

trace 'amo_ﬁnts. With the exception of high values reported for

|

-\

. 5'9 ) . . | . A .
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228

Radlonucllde Conccntratlons in Hudson Rlver Sedlmonts

..226Rav

54

-'i'GQCo,

;}psRu

137

Cs .

B 1445

--\Radionuclide‘

Mean

. .- Range
Ratio®

Mean
~ Range
»_”Ratip”

Mean
: Range -
- Ratio

Meén '
- - . Range
.. Ratio

'Meén'l.
Range
* Ratio -

Mean
Range

- 'Ratio

Mean
Range

~ Ratio

Mean
Range
- Ratio

. P

TABLE 3

.South of West Point
1364-1967- Summary

12.45

5.48

11/11

 0.60
10.20.-
11/11

.07
0 0s

| 11/11

‘-

0.95
ND
- 8/11

ND

4.54
1.43
11/11

0.94
0.17
"11/11

2.77
0.61
11/11

- 0/11

I
o

DCl/q Dry Welqht

Concentration in

1964

+ 0.
.43

-16

+ 0

4+
v o

e
o

|l+
N O

.03"
.90

.39
.20

36

.04
.90 .

1965

13.38

6.24

-19/19

1.62
0.64

- 19/19

.08
.10

. 0.07.

.03
.80 .

1.04
0.04.
_19/19

10,15
ND .
15/19

ND

0.81
ND
16/19

1.2

0.09

19/19

14
.00.

©1:15
* ND

1]+

N

12729

1+

NOo

v+

18/19

|+
NO

L LR

T+

MO -4:

32
99

1966*

14.39

8.11

-~_12/12

.06
.63

.03
.64

.03
42

.02
.25

.01
79

.02
.63

.09
.93

0.94
.0.52

12/12

0.99
0.63

12/12

0.20

ND
11/12

0.09

ND
7/12

0.43
ND

' |+

(NES

ERES

-8/12

0.88

0.31

0.47

- ND -

9/12

12/12

1|+‘

Bk

f|l+'l

1+ 1+
TN O

‘|]+
TNO

1967

.46 12.69
.19 3.50 =2

14/14
.05 ,0.92
.37 0.36

- 14/14

.04 0.92
.37 0.27
14724

.03 0.43
.39 °ND

le3/l4

.03 0.21
.22 ND

12/14

.15 0.55
.98 . ND

11/14

.05 0.91
.12 - 0.19

L

R E PN Y P8 e '+
wo

N O
» O

14/14 -

.07 0.28
.10 - 0.02

14/14

1+

4+ L

wvoO.

o -

SAR

" ND

- - *Ratio = No. of samples containing
' samples analyzed
= None detected

5-10

measurable activity/total No. of

M



TABLE 4

Radlonucllde Concentratlons "in Hudson Rlver Sedlments
- - North of West Point :

7y
. oL
L

. -

-
N

Radionuclide

1965-1967 Summary

»Concentratioﬁ”in-pCi/g

;Dry Weight

PR o 19%s5 1966 1967
- 40 Mean 14. 2o'i 0035 . 12.39.4 0.30  9.23 + 0.26
- . Range 7.85 =23.43 8.49 715.80  "5.21 -12.54
- 7 Ratio®*  20/20 19/13 11/11
7 226g3 " Mean = 1.61+0.14 - 0.94 + 0.04 . 0.70 4 0.03
. o . Range 0.91 - 2.40  -0.70 = 1.32 0.32 = 0.98
ER . “Ratio - 20/20° . 19/19 11/11 '
2284 " Mean  1.09 + 0.03 - 0.84 + 0.02  0.69 + 0.02
~ " Range 0.69.-1.70 - - 0.47 ©1.15  0.27.-1.09
o Ratio ~  20/20 919 n/m -
o Sy Mean - 0.09 +0.03  0.10 + 0.02 - 0.06 + 0.02
. -7 . Range ND -0.20  ND -0.30  ND -0.19
Coo 7 7 Ratio 15/20  ~  13/19" 9/11_

- %o Mean .  .0.02 +0.01 < 0..005 0.02 + 0.01
» .. % Range ND -0.10 °'ND -0.08 ND .- 0.08
B Ratio 7/20 a/19 . sm

- 108y Mean 0.62 +0.10  _0.31+0.09  0.11+ 0.06
- Range ND - 2.66 ND -1.41 _ ND -0.42-
| _ Ratio = 13/20 12/19 | 7/11
- 137¢s Mean 0.74 + 0.03 0.49 + 0.02  0.33 + 0.02
o . Range - 0.01-2.31  ND -1.30 - 0.07 - 0.93
o ~ Ratio = 20/20 15/19 11/11
: 1440 Mean '0.81 +0.10  0.44 + 0.06 ' 0.18 4 0.04
A Range ~ ND -1.99 ° ND - -1.05 ND - 0.42
Ratio  19/20 - . 18/19 10/11

ll

No. of sampleo contalnlng measurable actnv1ty/total No. of
samples analyzed’ .
None detected

' . 'ND

sl



- _'range ND 4 pC1/g, but two thnds of thcse estlmates had 2 V’ “

Mn in 1964 thc tnaximum conc,entrationé do not exceed 0.4

. _'and 0.2 pC1/g reqpectlvely

Est1mates f01 65Zn (not tabulated) appeared in 50% of the A

o samples for 1965 and 1966 within the range ND* - 3 pCi/g. The
A-,overall mean _concentratmn was 0. 30 j_ 0.'1:) pC1/g.'and a.hno’et

RS all of these 'e‘stimates had 1{[“** errors that ineluded zero.

Ant1mon}r 125 appeared in 80,0 of samples in 1966 w1thm a

.-_~'

errors that 1nc1uded zer . A nj.ean concent_ratmn of about 1 j—_ ,

0 2 pC1/g was calculated hut’ the.ac'oura_cy of this e's'ti_rr‘late is

-

' .'_cons1dered to be poor

e De.s'p_it"e the inaccuracieé of low level activity'eétimbates, -

g the .intermediatevli_veti fali-out nucl.ideeb-are cle'arlyjdi'sa.'ppea‘ring-f

T o 106, S
'~ from the environment. Over the past 4 years Ru has de-

I ___T_creased from 4 to O 5 pC1/g, 44Ce from about 3 to 0.3 pCi/g.
o .Ceoium-137 has'remamed relatlvely 'constant at a concentration
."_'of about 1 pCl/g in the southern sediments. The'se.dirnente in

',..the north show a dec1 ease of flom 0.7t0 0.3 pC1/g

3

2%
-9

(TR

none detected
standard deviation

-

sz



“of the element differs in salt water and in fresh water, we . .

Fish

A closer study of the distribution of 106Ru in the sediments

-' (see Appendix .C; Tables 3 and 4) indicates that this radionuclide
) is'prvin'cipallyvfoupd in seciiments_ 40-70 miles from .ﬁ}ie"Bat_’cery,.

L with negiigiblc ar;‘;ounté outside of this zone. 106Ru is a fission

pr"oduct re‘s‘ul’cing'f‘rom weapons testing, so that its -distribution:

is expected to be unifor.in;'on thg other hand, if the ch_emistr)vf_

- might éxp'ect:a'. distribution related to salinity change aldng the
length of the river sti_idied. H(_Sw.e"ver“,A .1v06Ru in sediments is .

| higheét in the center of the e_sbtuary‘ and centered about Indian

106

 Point. The larger errors associated with ~ Ru estimates

L , - T . 106 _ ‘ o~
indicate that this activity may not be = Ru at all, but may be-

-attributed to a short or interrhedia'_cc lived activation pr'od\‘uct -

~ which is not incluc'led_‘in the reference spectrum, and which has

x -pcbakbs in the same region as 1O‘)Ru. This may be a sit-

, uation where multiple interferences conceal the individual

radionuclide concentrations which are below our lower limits

. of detebct'ion.

The concentration of radionuclides found in fish do not

’ . : e l (3) L LU
- differ apprecciably from those rcported previously (Table 5).

i
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O

.:_ian:a;lyzed for

o Vegetation

An apparent increase in the mean K concentration in fish in
1966 has been attr_ibutcd‘to‘ variable size selection of fish in the

- _.js;'lmple_s._

" The, total activi_ty in fish due to the 'maxlfnlade Aradion_uclides

54 0. 106 137

144 oo .. . o
Mn, Co, "~ Ru, . Csand Ce is about 0.1 pCi/g, only

about a fifth of that due to natural K.} Five samples of ﬁsh _

9OSr had a range of 0.02 - O. 14 pC1/g (mcan 0 1

o : 45
'pCl/g) Estlmates for : Zn and 1258b are about 0. 02 and O 03
- pC1/g respecuvely so that a total estlmate fo1 artlflcally p1 oduced

h : 'rad1onuclldes would be about 0.3 pC1/g, only 60% of the act1v11.y

- i . Ao

due .,to naturally occurring K.

N

- ~

~Table 6 s‘ﬁmmaijizes the data fo'r: ‘sémples of 13 specﬁie's“of :

" aquatic vegetation which were examined for radionuclide content..

» :‘Végeta*:ior} samples generally contained more radioactivity per

' -s_afnple counted than any other s»arn.ples énalyzed, and édequate .

-

" . counting statistics could be obtained with a count of 40 rather

- ‘,.tha'.n‘ 100 tininute‘s.

.~ The high aétivity in vegé’cation samples relative to other .

ecolog'idal samplés is interesting from the standpoint of monitofing

thc'-aquatic environment. Vegetation samples appear to be o
\
.!“ -~
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: Radionuciidef

"TABLE 5

71964 - 1967

. RadionuclidefConéentrétions in Hudson River Eish'_

Concentratlon in pCl/g Wet Welqht i

5-15

- 1964 " 1965 1966 1967
40¢  Mean  0.58 4 0.02  0.54 % 0.04  1.20 i'o.02 0.66 + 0.02.
.- Range ND =-2.1 ND - 1.4 0.28 = 3.13 0.32 - 1.22
... Ratio* 47/50 41/44 50/50 - 16/16
'226Ra Mean - 0.005 + 0.002 0.03 + 0.01  0.02 + 0.00 ~-0.02 + 0.00
.+~ Range ND - 0.04 ND- -0.19 ND - 0.13 0.0l - 0.04,
" ‘Ratio  28/50 26/44 35/50 . 16/16
* 228R3  Mean  0.02 + 0.004 0.0l + 0.004 0.008 + 0.001 0.003 + 0.00
" 'Range. ND -0.08 ND -0.12 ND -0.05 ND - 0.01
Ratio . 47/50 . 17/44 . 29/50 5/16
S Mean  0.019 £ 0.001 0.027 + 0. 007  0.020 + 0.002 0.004 + 0.00
.- . Range ND -0.05 ND -0.18 ND ~-0.08 ND. - 0.02
| Ratio  48/50 33/44' 38/50 6/16
6005 Mean <0 001 0.010 + 0.005 0.002 + 0.001 0.003 + 0.001
~ 'Range ND - 0.01 ND -0.16 . ND - -0.02 ND - 0.00 °
. - Rstio  11/50 19/44 7/50 5/16°
106Ry  Mean © .0.077 + 0.014 0.092 -- 0.024 0.029 + 0.009 0.04 + 0.01
 Renge ND - 0.42 ND -1.50 ND - 0.15 0.01 = 0.07
. 7. Ratio . 41/50  30/44 34/50 16/16
13¢5 Mean 0.036 + 0.001 0.041 = 0.005 0.029 # 0.002 0.02 + 0.00
| . Range ND - 0.09 ND -0.13 ND - 0.16 0.01 - 0.10
| . Ratio  49/50 . 42/44 49/50 16/16
- %o Mean 0.044 + 0.003 0.049 + 0.016 0.012 + 0.004 0.01 + 0.00
- Range ND -0.16 ND -0.59 ND - 0.59 ND - 0.03
Ratio  43/50 22/44 27/50 " 6/16
*Ratio = No. of sampleé containing activity/total No.'pf samples.
M = |



ST e TABLE 6 -

o ,;:- -‘ ' ;- ‘Radionuclide Concentration in Hudson River Vegetation
. ST e 1965 - 1967

D S 5 |

- ~_+ - Radionuclide

_— 'Cbncehtration in pCi/g Wet Weight -

195 1%6 . 1967

40 Mean  1.350 +0.016 . .1.237 +0.020  1.95 + 0.04

¢ Range 0.25 - 3.46  0.29 - 2.56 1.28 < 2.82
. Ratio* 75/75 C61/61 - 37/37

i+
N O

.004
.47 -

1|+ -
oo

- 226p; Mean 0.156 + 0.003  -0.064 + 0.004 - 0.07 +
RS -7 -Range - ND. .60 ND .37 ND ~
| Ratio  73/75 - . s1/61 © 32/37

]+
00
o0

 228p5 Mean  0.059 + 0.002  '0.016.+ 0.002 - 0.05 +
- .. Range ND | 0.60 ND - .07 . ~0.02 -
Ratio - 71/75 - . 45/61 U 37/37

.002
A1

(e
r+

oo
oo

.004
.82

e

. S5%n Mean - . 1.142 + 0.003 ° 0.997 % 0.013  0.51 +
S . . ... . Range ND 17.85  ND  -15.80° . 0.08 -
& .- patio - 74/75  s9/e1 - 37/37
.003  0.07 +

'@ 600 Mean . | 0.042 +0.002 . 0.109
‘ .7 7 Range- = ND - 0.68 ND T 1.61. . .0.01 -
| .- - " ‘Ratio  3%/75 38/6l 37/37

']
o,

.002
.33

v
]+
o

oo

.008
.29 .

oo

Mean 0.177 + 0.007 . 0.067 + 0.013  0.08 +
- 'Range ND 0.93 .-ND 0.65. . .ND' -
Ratio . 71/75  s8/61 - 36/37

1)+
(e

- 135 Mean .. 0.080 + 0.001  0.023 + 0.001 - 0.03 +
| Range 0.01 -0.30  ND 0.23 0.0l -

Ratio . 75/75 ~49/61 - 3?/37

.002
.12

{1+
o
t |+
o

[oN o

© %% . Mean 0.161 +0.015  0.018 +0.007  0.01 + 0.004
-~ .. 7 Range - ND - 0.59 ND - 0.15°- ND - 0.06
o ~ Ratio 66/75 ~ 30/61 22/37.

!
o

*Ratio = No. of samples containing activity/total No. of samples.’

'ND = None detected

S : ) g .

(_—I~ ’
oo
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good biologica_l indicators for redionti‘c'lides.‘ Five of thirteen

“-_'spe'cies of vegetation examined durihg"xl'966 appeared to_be

- particularly promising as indicator species. . These are Elodea,

"by these ah_d other plant sPecieﬁs has pﬁlrev’ious:ly been reporte

centrations 'of rﬁost of the artiﬁcally- pl'bduced radion“uciid,es _

. 0.06 pCi/mg (5?.

. _: Myriophyllum Potomage"con'crispﬁs, Potomageton perfoliatu's,

- and Valisncria americanus. As previously reported, P. crispus

a é‘n‘c'l _"Chara have been ‘_fc_)unvd to conce,nt_r‘afe. 54Mn from the river

N

e Wa.terf. -.’Su.bs__equen't studies shpwed that thiS' Waé due-fo theii" '
chara.ctemstlcally hmh stable 1nanganese contcnt (app1 oxnnately

B AlO% of ashed welcrht) ( ) The conc_entration of stab_le manganese-

ea ),

. In general, the tabulated results ihdieé.te'that the con- _.

“have dccrea.sed over the prev1ous year Radlochemlcat ana.ly51s o

90Sr (4 salnples) showed a conc entratmn of 0.05 pC1/g

w.’Fwer samples were analyzed for 55Fe by a. recently developcd

method (4), 1nd1cat1no a. rather umform concent1 atlon of about

. -0,25__pCi 55Fe/rng stable iron_, i'ange 0. 13 -_i-_O 04 to 0. 31 T

Activation Products in Vegetation

-~ Three fundamental properties are required of biological

5217



R'i'ver Both spec1es accumulate act1vat10n p1 oducts 51m11arly

3 indic'a‘toi's in order that they may be useful to man in studying

pollution'pi'obl‘exns: 1) relative abun’dance, 2) adequatedistribntion

in the region of interest and 3) ability to concentrate a spec.ific

- pollutant. Potamogeton species exhibit all of these properties.
‘with regard to 54Mn as a pollutant, particularly in an estuarine
‘environ'rnent. Two spec:xes P cr1sEus and P Berfohatus, can

. be found in the fr eshwater and estuarme stretches of the Hudson

s

™~

:‘;Data for P cr 1sEus and Vahsnerla (Flgul es 2 and 3) 1nd1catc

o -_,'.i'the levels of rad10act1v1ty in samples from d1fferent s1tcs on

‘the river. The latter species fail to rneet the criterion of adequate ‘

~ "distribution' of an indicator species for an estuary since they

are restricted “to fresh or“ very slightly b'raok'is‘h water. "Es‘sen—

t1ally the same plcture was obtamed (1n 1965 and 1966) f01

[y

d. samplcs of nnxed vegetatlon (Flgure 4) The hlgh val_ue seen
' ..for_ samples of all these 4 species tuken' -from sites between 40
. an'd;SO‘miles of the Battery.', indicate the release of some Aac'ti-

- vation products from the riuclear power reactor at Indian Point.

A further study in 1967 of 4Mn in Potamogeton crispus

and Myrlophyllum sp. taken from' diffe‘rent stations along the

I—Iud°0n R1v01 shore shows a plorrressxvc ‘decline of act1v1ty o
~\\_, . N

Ld
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‘.Fig'ure' '1; Distribution of Aétivéltion, Produ&ts in Potamogecton _;spp. (1966)
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R Figure 3: Distribution of Activation Products in-Valisneri& (19060) , .
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«:"'Fi'gure 4: . Generalized Distribution bfﬁhm and
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" with distance north of the reactor (Figure 5-)« _Similar results

were obtained for other species of Potamogeton, ‘and less clcarly

for a mixed vegetation sample.

- " . The' available ciata for 1965 and 1966 haVe- been .cor'nl:)inéd

T | S 54 _
to produce the gencralized distribution of = Mn and 60Co in

B ,- . vegefation- s.an.lples (Figure | 4) along a 70 mile l'e'ngfh-df'the A-
. VH\;_dson. River. A decrease in the c"_oncenﬁr_atiori of both 54‘Mn'a'.1;1d

~. "~ Co from 1965 to 1966 was observed. This ;dec'ré‘a;sec:_ontvim’ies N .

" into the 1967 sampling period (Table 6).

‘ --’_V.f..l:,';[.‘hese ﬁgurés illustrate that SGme‘plé'nts majr be useful

-":'as' biologic‘al indicators (at leas‘_cj during the gr'c;wing season), for

" radioactive trace metals. ~If concentration factors and ""respons®:

" _times" of these plants to radionuclides introduced into an
.. estuarine environment can be determined, small samples of
" vegetation may eliminate the need for more cumbersome water .’

'sample s.

Cose24 T
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'App.éndix A |

Probl_en_ls of y-Spectrometry of Erivirdnmental Saﬁlpliﬁg

[y Y

" Limitations in Sample and Background Counting Techniques

~ samples has disclosed several factors which tend to limit the . . .

acc.tirfa.;y'.o‘f the ‘d.ata.. These limitations are imposed By t:he" '

: }' f_sample spéctra corréct_ed for"buackgr'cv)'ﬁnd r_es'u_lted: in negative

A study of the techniques used in counting enviréﬁmental .

larger number of observations which have to be made in order

g _"tc') é.ample a represcntative region of the Hudson River and by

- the low activity levels encountered. Indeed, in some instances,

~. .

-

counts, a phenomenon occurring most frequently in the ehergy

region from 0to 0.5 MeV. The 'p.res_envtv .procedur‘e," after

calibration of the gamma spectromecter, is to count a sugar -

' ‘backgfnuhd for 100 minutes, followed by"iO samples counted for

©© 100 minutes each. Under these. conditions, there are at least
~ three independent factors'which-may cauéé this effect.

" (1) Gain Shift

The most obvious problem is instability of the gamma speci‘r‘o-

meter over one day counting periods. Shifts in calibration of



o}

L4

4fr"o.m l.to 2 channels (10 keV/chaﬁnel) are fi'e_quently observed.

' ‘These shifts have notbeen ade'_quately' c_or‘npéns.atéd for‘ in the

" .computer program used for estimating radionuclide concentrations.

©.7 A new program which includes gain shift compensation has been

q2) Né,tufe,of background sample

‘ '; average Z value of 5, wh_ile.the effective Z of e.n‘)i‘ro'r'xm'e'n't'al

e deveiéped and will be u.s.éd"go.n“the data cdliécfea in 1968;

Vi

© Sugar (sucrose) is used for background counting because .

t_he:(hig‘h chemical purity With Which thié 'conlpound is produced
zif_f}'-V_tnakes i't.,“ebs_sentiélly free of ra'dioactive' contaminants that -ﬁiight

.. interfere with gamma spectrometric analysis. Sucrose has an,

-~

’ 5_'safnplcs varies \&ith_ the type of sample but is ﬁsu‘.a.ll'y‘ gfeater 'Ehan
_ this. - It follows that photoelec.tric abéorptioh, 'p'rdportiorilal to .

. Z~, is greater in the samples than in a sugar background.

Consequently, there is greater.abso‘rp.tionbf ibw—ehergy back-

ground -gamma radiation when counting an environmental sample

| .».‘.‘tha_n‘wherx counting the sugar'backg’i‘ound._ ~ For samples of very

low activit‘y» and relatively ‘high> Z, a suéar ba'ckg'round may give

_higher counts than appropriate especially in thé low encrgy Aregior'zs '

of the spectrum.

‘The usc of alternative uncontaminated background materials

is being explored. For example, sodium chloride may be a

1‘ .

'5‘2.7 ’ . . .-" .'



=

h changes in baromet1 ic pressure

" in this report.

e

appropriate background standard for water residue samples.
Reagent_ grade NaCl contains only 50 ppm potassium- so that a

30 gram sample would contain 0. 0015 grams or about 1‘.vi2 pCi .

40

~of K, a »negligible amount.

| (3) Varlatlons in gamma background

The background of the 8 x 4 NaI(Tl) C1ysta1 uscd in a

. '-';"shlelded room in th1s laboratory varies non randomly, the

observed varlatlon has been shown to be mversely related to

()

Accordingly sma].l changee .

,_in_background are also expected in the shielded automatic

counting.apparatue used for analysis of the samplee described _

N

Limifutions Inherent in Data Processing and Analysis

(1) Gam Shift _

Superlmposcd on the problem< of as saymg low act1v1ty

:bsamples are the .additional errors irtroduced by gain shift.

" Where counts are low it is difficult to estimate the errors due

to this._ .

- (2) Similaritics in radionuclide gamma energies

" Chemical analysis of composite water residue samples

indicates that 65Zn and 1 E-)Sb may have been overcstimated -

by conlpntcr anali;sis of the spectrum and that at the samc

i

E
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N

~~

e

tlme 10 Ru hé‘s’ bceh undetestima‘tetl..' Thts '_é‘t"1‘or' a.1"£ses due

'.to the s‘in“tiiafi:ty'.of X—.sp.ectr'a between different nuciidgs, in
ip'a.r-t'it:ula.r 106Ru, 6'SZn and .anf :.c>th¢1- p_{)sit;011 emi‘ttte'rs which
. tnay be ~Iﬁ;t:;se:ht b.ut u,nitlehtified. ' Thg: »corrtputer. artaljrSis

4 irtdiéé.tes 1 tt) 2 pCvi‘ 652n/1‘ Hud;pn AI-{ivérj watér, but ther.e isl | :

: l-ittlé_.evide‘n.celta .',supp‘ort such a con‘centrlatién oiifv'.this _é.ctivatiqn
‘_pﬁrlotiuct ih the I’ILIdS.O;’l..RiVCI‘ A The major gamﬁté péé.ks of
106Ru ot:cm at Aenerg'les of 0 51 and 1 12 MeV 125Sb has several .,
.'.ﬂ".-""peaks in the energy 1eg10n from 0. 43 to O 60 MeV wh11e éSZh.
""_.,“has a nta_]or p.eak at 1 11 MeV as well as an ann1h11at1cv>n. éeaks |

'at 0 51 and 1 02 MeV In short thc Y sPectra of the nuclldes

~

ln_ questt.on ‘are not coméletely hne;rly 1ndepehd¢nt as as.sume\c}l
...virtth.el‘nl.athel.nattica:i analyse.s; -

i Further compiications-nlay. arise from the .p1l°e‘sber;ce of-‘ |

| jtra:.cé 'a:rhounts'of .'60Co since the 1.17 Cobc.lt 60 peak. rnay help

;. 'to emphasmc the reg1on of the 1. 11 MeV Zlnc 65 peak At the
same t1me, cotmts in the reglon of the. l 33 Co‘balt”60 pcak may
: ‘-.be interpréted as beldnéinc to 40, K (1 46 McV) |

. - In thc 11crht of thc problems of gain shlft var1é.bic ba.cl\;
.g.round and poor counting statistics at low léve_ls- of activ'ity,‘ th.e'
net’ samplc spcct} um may contam ar tlfacts \Vthh. favor a particulat

solution by the prograln. In ﬁn’ding the best possiblc fit to

tho data, the pronlcm moy ut111/a, anorn'whcs plc sent in the nct
i
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._,sa.rfiple" sp'cc':tijurn to identify 65Zn and 12 5

PR B . o

Sb 1ncorrectly

(2 )

—
f

(3) Ratio statistic as an indication of goodness- -of- f1t

: The‘ program for evaluating radionuclide concentrations

also c'oniliiltés a "r»a;tidrstvatistic” whrichvv has an ‘expected value
3 of \_iniityiif the fit is cor.rveé'ti.. prevér_,: .ev"eifi”with Va"poor ratio,
"._'r'é.asona.biléi 'le'svtima;ces. inay §ti11 Be 6btaiiied. : | Seimple 1‘862 w1thv
"ari exe;iﬁonally iarge re31diua1 plot andiei ratii) statistic of B
0,. 174 was_%valuated 'by th_e wéiglité;]',léa:st sbqiiares-mevt'.ho‘dj is |
Well as by the- sioliitiori ofvs‘iniiiltaiiecsus_ _e.:A‘ciiiai’c:io_ns as a -ch'e(‘:k.
of the inte'rnai'c;on»sistehcy of the céifipiitér pro;gi‘am.: ’

'.-'--:'Il{adionuéliide . L 54Mn 6OCo >

| Least ‘squares est_ima'.te. S '15.8+0.2 _ 0.'.64;%_0. 04

TS
i

" . Simultzneous equations . o o ."_‘16.“’8 B - 0.63

e | .-.'e"stima;'..e
' ,T.h'e results are quite close. At relatively high activities -
quantitative computer estimates may be ac'c.ui'ate ‘and a low ratio-

Ly - statistic is generally an indicator of ga.in shift or of activity.
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" APPENDIX B

‘( L o - . .Hudson River Sampling Sites 19’66’—1967

SITE IDENT. MILES FROM

.

\w}"_ . STALION'”' | R ____BATTERY PARK '
Tappan Zee Brldge (West End) ' Uv.I-gw—..’;  '_ E '. 26.6 -
‘Verplanck :.A R ,_7_ ff11;B41 R 40;8 

CFleee o mmwa e
) “cémp sﬁith ':'_“ a @ ;~f1:g.';";5fiIi;E_3', ) o i357f',  )
"th'Iona Isle . 1  !iﬁi;3 };fi f_”i f II—W 2 L ff';és;z R
Cornwall (Mouth of Moodna) e ,1'.‘:.'II—W oa ) f 565 "
%7“3fMar1boro . ,wi7;‘*"?f’;fff¥f:7111-w S
ESopus Meadows ng’ht o :""Iv-w.—l . 3 . ' .i 861

e Klngston Shore N IR Ko - 89.7

_ . -Saugerties Shore - ) s A s 100.5 ™
| ' (Esopus) R T SR
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© Table IL:

- Table VIII:

‘ e o L Appendix C

Radionuclides
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el ~ Radionuclides
‘ 7 U Table VI - Radionuclides

-Ta'ble;,VII:' |

Radioﬁqcﬁd eé
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in Hudson River Water, 1966. "
in Hudson River Water, ‘1_9467..

in Hudson River Sediments, 1966.

iﬁ Hudson'ﬁ_ivéf Scdiments, 1'967.' ..

in Hudsbﬁ Riv_cr Flsh, 1?66:

~

in Hud‘sor.i River Fish, 1967

1n Hudson River V;egetvation, 1966.

in Hudson River Vegetation, 1967.

’Mix_éa"VegAetatio’n Samples, Hudson: ERivgr,vl‘C)é'?.
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' | . TABLE I
- Radionuclldes in Hudson River Water 19664 .

Concentratlon 1n pCl/llter ‘

Spectrographic Data |
Site = Samples 4'0}( 226Ra '228Ra K 54’Mn ’ 6OCO : losRu : 137Cs' 144Ce

I-w-3 5 Mean  16.4. 0.24 0.18 0.22 . 0,12 " 0.06 0.10 " 0.13
(26.5) Min. = 15.7+42.5 . ND ~ ND - “ND - ND - ND ~ ND CND
- Max.  19.6%2.5 0.7+40.3  0.3+0.2. .5+0.2 - 0.240.2  0.3+1.0  0.2+40.1  0.3+0.7

IT-E-1 5  Mean 19.8 1 0.06 0.06 0.08 0.04 0.14 - 0.16 0.20

(40.8). Min.  15.8+2.7 ND ~ ND . ND - ND ND ND - ND
~- - Max. 22.8%2.5-.0.3+0.3 . 0.240.2 . . 0.3+0.3 . 0.2+40.2  0.5+0.8  .0.44C.1 1.0+0.5

TI-W-1. 4 . Mean 18.2 '~ 0.09 . . 0.08 0.02 -~ 0.08 - 0.19 - 0.12 0.15

(41.4) Min. = 16.2+2.3 ND . S ND " . ND 0 ND - . ND. '0.1+0.2° - ND
fax. . -19.832.6 0.310.3. 0.330.2  0.130.2 . 0.2+0.2 . . 0.5+1.0  0.230.1 0.540.6

TI-E-3 . S. . Mean - 16.3 0.16 - 0.10 ~° - 0.10 10.80 0.12 0.18

(43.7) ‘Min. 11.542.4° . ND - . ND ND . ND - ND CND ND
. Max. = 20.6¥2.6 0.5+0.3 - | .3¢p.2:;3' 0.4+0.2°  1.9+41.0 - 0.3+0.1°  0.4+0.5
ITg-2 4 L Mean . 9,17 "0.22 0.18° . 0.22 L. 0.22+ .. 0:18 0.15 0.25

(45.2) © Min. 1.344.0 ~ ND ND -0 ND . ND - ND - ND °ND
o Max. . 16.3¥2.4 0.5+0.3 1 0.440.3 - .9+0.4 <. 0.6+0.3 = 0.7+0.8 .- 0.4+0.1  0.5+0.6
ITI-W-2A 4 Mean - 2.3° 0.12 -  0.15 - 0:02 0.05- . 0.25 0.18 0. 15"
(56.5) Min. ND - ND - . . ND. ND " ND  ND .. ND ND |
’ Max. 6.1+2.3 0.3+0. 3 0. 4+O 2 .1+0.2° " ° 0. l+0 2_’--_-1.0:20,9 ' 0.340.2 0.6+0. 6
TIT-W-2 4  Mean ‘1.6 0.10 0.08 . - 0.10° " 0.25 1 0.15 | 0.20;
(67.3) ° . Min.~ ND ND ND ND ... ND . ND - ND ND
: Max. 2.7+42.4 -0.2+0.3 - 0.240.2 - - - “0 4+0.2 °7 0.7+1.0  0.3+0.2 . -.0.8+C.5
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.y s+ rable I (Cont'd.) . o

‘Site Samples " 40 .- 226Rq . . 228g4 - - 54Mn . 60pp - 106gy 1370 0 . 144c

‘Iyw-1 4  Mean 0.6 0.8 0.0 -  0.05 -. _ -0.12  0.80  ° 0.02  ° 0.25
(86-1)  Min.- ND° _ ND  _ND . ND - - ND 0.1+0.9 ND . ND
Max.  1.942.3  0.0:0.3  C.3+0.2  0.2+0.2 . 0.4+0.2  2.4¥0.9 0.1+0.2  C.4+0.

IV-W-2° 03 Mean - 2.5 0.20 - 0.3 .. - 0.10 .~ - 1.00 0.03 ©0.23
(95.1) Min. . ND  ND ND ~ ND . ND ND : ND o ND
,Max. ~ 5.0+2.5  0.6+0.3 ~ 0.440.2- - -0,3+#0.2 . - . 2.1+1.0 .. 0.140.2 - 0.6+0.
IV-w-3. = 3 "Mean. 0.5 - 0.0 - .- = o .70,0 -+ 0.0  0.23..°. - 0.33
(100.5) - ¥Min. -~ ND ND - ND .. ND i . ND .. ND . ND - ND
: ' Max. ~ 1.6+2.4.. 0.2+0.3 - - o= e 0.240.2 0 00,3410 - 0.240.1 - . 0.6+0.

S Iv-w-4 ° S Mean 2.4 . 0.2 - 0.06 - 0.8 . 0.04 - 0.26 - 010 _ - 0.32

(104.7) © - " Min. - ' ND © iND ND . " ND . _ .ND . ND . ND . ND
. : .. - Ma)(. ’ 5.4;*'_205“ ‘Oo3i003 . 002i002 : 0.4io.2 002:';002 0-8i0.9 002i0-2 Oo7i00

° .‘.

};'ND = Nohe Detected =

[ e et
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2.0+1.2

~
! TABLE II
Radionucln.des in Hudson R:Lver Water 1967.5'
| Concentratlon 1n‘pC1/11terf "-¢  '_
Spectrographic Data R | ) - :
No. of I . _ o T R
Site  Samples 40y ' 226p, 228p4 54 6000 106gy, 137650 L4Ane
I-#-3 5 . Mean = 14.1 .0.52 0.26 0.14 0.22 0.42 0.40 0.70
(25.6) . Min. - ND “ND . - ND .14+0.3 - 0.1+0.2 _ND _ ND ND
: ; Max. 37.4+6.6 1.940.3 1.1+0.2 .2+0.1 0.4+0.2 1.0+0.6 1.8+0.1 2.7+1.2
TT-W-1 5 Mean 4.6 - 0.10 0.04 'f_o.lz B 0.08 0.46 0.08 0.12
(41.4) ~ Min. . 0.8+1.1 - ND ND . ND ND ND - ND .. ND
c Max. 13.8%31.8 0.3+0.2.  0.1+0.1 .340.1 0.2+0.1  0.8+0.4 .. 0.240.1 .0.3+0.4
II-W-2 5 . Mean 0.7 0.02 0.08 . 0.08 0.12 0.08 0.02 . 0.20
(45.2) Min. ND ND ~ - ND L ND' . 7 0.14+0.1 'ND - ND ND
. S " Max. 2.0+1.0 0.1x0.1 - 0.1#0.1 - 0.240.1° " 0.240.1  0.4:0.2 0.1+0.1 -~ - 0.6+0.3
TI-W-2A° 5 . Mean . 0.4 0.06 0.02 0.04 0.04 0.34 . 0.02 0.16
©(56.5) . ~ Min. _ ND . ND - ND . ND . ND - ND - - ND. - - ° ND
S JMax. 1.1#1.00 0.130.1 © - 0.130.1 . - 0.10. 1_~- 0.140.1 - 0.640.3° . 0.1+0.1 = 0.6+0.3
III-W-2 S Mean 0.2 0.04 0.04 0.06 - 0.04 0.32 0.02  0.06
(67.3) -~ Min.. ND _ND - - ND . 7 ND ND. . °ND. . ND . ° ND
: - | Max. 0.8+41.0 - 0.1x0.1 - 0.2+40.1 . .  0.240.1 0. 2+0.1. .1.0+0.4 = 0.1x0.1  0.2+0.3
V-1 5  Mean 1,6 0.04 - 0.04 - 0.06 . - 0.06 0.20 - - 0.4
- (86.1) Min. .~ ND ND ND. ND ND - ND. ND -, ND .
ST Max. 4.7+1.0  0.120.1 0.1+0.1 .240.1 . 0.1+0.1 ' 0.6+0.3 - - .0.4+0. 2
Rondout 5 - Mean = 1.1. 0.04 - 0.08 /.. 0.04 . . oO. 06 0.30 0.02 0. ;o;
(29.7) © Min.. . *ND: “ND - ND . - "ND ND - . ND - ND - % T.ND
. : . Max. 0.1+0.1  0.2+0.1 .140.1 0.2+0.1 . 0.8:0.4. 0.1+C.1 . 0.2+0. 2



\ I
No.of L 20,

' '228 oo 54Mn'

Ra

" TABLE IT (Cont'd.) -

o,

' ,/-.‘\. . -. ‘
: . .

06y

T

site Samples X .

Esopus 5  Mean = 0.6
(100.5) . Min. - ND
o — Max. '2.4+1.0

BN

e TS :

1 " - . -

. u . 3 . N R .
~ ND = None Detected

226,

ND.

0.06 e
ND . ND
OoliO-l . ) -

- 0.08 -

ND

10,1101

0.22
 ND

©0.5+0.4

0.0
~ N\D
0,140

6

;1

0.0¢
~ ND
10.340.
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Ao reLE III
Radlonuclldes “in Hudson. Rlver Sedlments, 1966 -
. ' Concentratlon in pCi/gm of Dry Welght :
) SDectrograDhlc Data (+ S.D.) -
Site .
Miles . C : e p SR
From No. of ' : : S S ' .
Bat Samples O 22624 22834 S4yn . 60p, . 106, 13704 Lé4c
T-W-3 2 Mean  12.3  1.00 1.04-°  ,0.07 . 0.07 < 0.43 0.1z
(26.6) Min. 11.0+0.8 .0.9+0.1 0.9+0.1 -~ ~ ND .. ND ND -0.340.1 ND
Max. 13.6%0.9 1.1¥0.1  1.13¥0.1 - 0.1#0.1 . 0.140. 1 - 0.630.6 . 0.240.
IT-E-1 3 Mean  10.5 =~ 0.70 0.65. . 0.20 . 0.1 0.2 0.33 0.2¢
(40.8) Min,  8.140.9 0.5+0.1 0.6+0.1 ~  0.1+0.1 v "ND - ND 0.240.1  ND
Max. 11.9+0.8°'0.8+0.1 .. 0.7+#0.12 - -.0.3+#0.1 - -~ 0.2+O.l-" - 0.5+0.3 - 0.4+0.1 -0.3+0.
II-11=] 2 . Mean - 17.3  1.00 1.10 . 0.26 0.10 - 0.24 0.80 0.4¢
(41.4) ' Min. 16.6+1.2 .0.940.1 : ~21.,140.1° .. 0.,1#0.1 .  "ND ': ND - 0.740.1 0.440.
o Max. 18.0%¥1.2° 1.1%0.1 7 1.,1¥0.1 . 0.4%0.1. . 0! 2*0 1 .0.5+0.4 ~ . 0.9%0.1 0.530.
II-E-3 2 Mean  17.1  0.90 . 0.9 - 0.19 .. < 0,06 0.28. 1.2 -
(43.7) Min. .16.1+1.1 . 0.8+0.1 .~ 0.9+40.1 ND . ND © ND . 1.040.1 ND
B ‘Max. 18.2%4.2 1.0%0.5 1.0+o 3 0.440.1"  . 0 1+0.1  0.61.5 1.2:0.3 -
S II9-2 3 Mean. 15.9 113 1.93 . 0.24 :  0.07 1.16 . 1.67 1.28
(45.2) - " Min. 14.7+1.4 0.940.2 ~ 1.,0+#0.1 - - ND. ' ND ' ND 0.840.1 0.5+0.
S ‘Max. 17.0%1.5 '1.4¥0.2 -~  1.4%0.1 - 0.3+0.1 - 0.2+40.1 ~ 2.0+0.6 . 2.130.1 2.130
IT-w-2A - 3 Mean  11.1  1.06 , 0,97 - - - 0.03 . 0.23. - 0.57 0.58
(56.5) Min.  9.3+0.9 0.8+0.1 -~ 0.8+40.2 . -~ ND -+ - ND * . ND .0 0.340.1 0.4+0.
- Max. 13.0+0.9. 1.3+0.1 = 1l.2+0.2 - .- - . 0.1+0.1 .-0.320.5 1.0+0.1 0.8+0
TTT-W-2 4  Mean . 11.4 0.83 0,73/ .. 012" . - . - o0.88 . 1.13 0.76
(67.3) - Min. o 9.343.1 0.7:0.4 0.540.2 .~ ND . ND . 0.5+0.4 - 0.9+0.2 - 0.440.
. flax. 15.3¥1.1 1.0%0.2 ~ 1.0%0.1 .~ 0.3+0.1 _ -14+05_ -1.3¥0.1  -1.0%0.

ey



Site

Miles o
Prom No. of -
Batt, Samples

226,

*TRBLE III (Cont'd.) - .

l4dn,

v-w-1 4 Mean

(86.1) . Min.

IV-W-2 2 Mean
(95.1)

N
=
[o])
X

TV-W-3 3 Mean
(100.5) Min.

. TY=W-4 3 . Mean
(104.7) . Min.

d

- ND = None Detected

1.07

.9+0.1
.2+0.1

0.90

.8+0.1 -
.0+0.1

0.77 .
.7+0.1
081‘.001:' ‘

1.02

.8+0.1
240.1

0
1

oo |

oo

1.01
8+0.1

1%0.1

0.75

L7+0.1

6401 o
S 0.240.1 -

—

.8+0.1 -

—

0.71

.8%0.1 "

0.81

7+0.1

.9+0.1- "

0.09
'ND
0.2+0.1

L Q}ll.: f? >‘

ND

S0.240.1

0.08
" ND

©0.140.1
0.2%0.1 i

S0 008 o 04320

“ND ND

©0.240.5 . 0.540.1

o 0.41 i 0.61 ..
. ND - . ND -
. 0.640.4 . 0.940.1 -

ND
.3+0.2

- 0.24 .

ND

.4+0.2

0.16

C.30
ND

.5+0.2
0.50
.3+0.2
.8+0.2
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I " TABLE IV
Radionuqlidésvin Hudson River Sediménts, 1967 ff'j
" Concentration in pCi/g of Dry Weight
Site ‘ | o
Miles . : : T . . .
. From ~ No.of e e L Lo '
‘Batt.  Sample 40y 226p, 228, 5%mn 600, 10Bg,; - 13704 1440
I-W-3 3 Mean  10.5 0.53 0.70 0.03 0.03 0.07 L 0.23 0.07
(26.6) . Min. 9.040.8  0.4+0.1 0.5+0.1 " ND . ND ND '0.240.1 ND
©  Max. 11.6%¥0.9 0:8%0.1 1.0%0.1 0.140.1 . 0.1+0.1 -~ 0.2+0.3  0.3%0.1 .1+0.
TI-w-1 ‘4 ‘Mean 7.8 0.75 0.80 0.55 0.15 0.32 0.60 0.25
(41.8)_.. Min. 3.5+1.3  0.4+0.2 0:740.1 . ND ND 'ND 1 0.5+0.1  ND
T Max. 13.6¥1.6- 0.9¥0.1  0.930.1 . 1.240.1 .340.1 " 0.740.4 - .0.8%0.1 .4+C.
TI-W-2 5. Mean  15.0 1.06  1.16 .. 0.32 . 0.10 1.00 - 1.36 0.42
(45.2) Min. 13.2+2.0° 0.7+40.1 ..~ 0.°+0.1 ~ 0.140.1 -~ ND . 0.4+0.3 - 0.4+0.1 = 0.1+0.
Max. 20.5¥1.8 1.3%¥0.2 . 1.630.2 . 0.6+0.1 - 0.2+0.1 . 1.840.6 2.5%0.1 . - - 0.8%0.
TT-W-2A . 4~ Mean  11.5 0.82 ..° 0.95 . . 0.28 .. 0.15 0.23 - 0.50 0.12
(56.5) : - Min. 7.3x1.6 0.6+40.1 . 0:;840.1 .  ND - ND . ND . 0.240.1 ND
AR Max. 15.4¥1.1 1.3%¥0.1 '~ 1.3¥0.1 ~ ° 1.0+0.1 ~ 0.4+0.1 = 0.830.3 ~ 1.3%0.1° .340.
IIT-W-2 - 4 - Mean. 9.2 - 0.65 - . 0.60 " . .0.08 - 0.02° .. 0.15 - . 0.42 -.0.05
(67.3) - “Min. 5.9:1.1° 0.340.1 . . 0.240.1 .- . ND .. . ND ND - 0.1+0.1 ND
Max. 11.87¥1.1 1.0%0.1 -~ 1.130.1 0.240.1  © 0.140.1°  0.4+0.3° 0.9%0.1 .2+0..
TY-w-l 3 Mean ~.11.6  .0.73 __ 0.80 . . 0.07 - . 0.3 0.37 - 0.13
(86.1) Min. 11.1+0.7 .740.1 ' 7 0.740.21 0 .. ND .. ND . ND - . ND . . ND
o Max. 12.5¢0.9 0.8¥0.1 . 0.9¥0.1  ~ 0.1+0.1 - - = .2+0.2 0.9+0.1 .30.

- ey



Site
Miles
- From
- Batt.

No;of'“

' samples

40

© 226

Ra'

CeRy
T

TABLE IV (Cont'd.). .o

228 . 54 .

Ra, Mn -~ -

o 80py . o 206,

- 4a

.'Rondout
(82.7)

_‘Esopué
(100.5)

W-s:

3 Mean.
1 Min.
Max.

4 ~  Mean
- Min.
- Max.

e

S ouv

7.6

.240.
.940.

7.0

2+1.
.Oi;.

0.73 . -
.6+0.1

0.70

.6+0.1
.8+0.1.

1 - O ND
1l - 0:1+0.1°

.67 0.03 .
o |

8 ~ ~.0.02. - 0.02
0 ND
Onl, Ool_‘tOcl

0.03 0.03

ND ND

.~ 0.140.1 . 0.140.2

C0.05
ND -~ ND

. 0.1+0.1. ¢ 0.2+0.2

- 0.4+40.

' 0.23

- 0.240.
0.4+0.

0.22
ND




' Radionuclides. in Hudson RiQéri?ish;3196é>  o
~ Concentration in pCi/g of Wet;Weight.; 

- Spectrographic Data + S.D.

‘No.of - - | _ B fﬂrf AN

- - Samples -7 44 ' Cmea - en S U L
Species . (Wt. Gms.) 226py 22Bp,- S%un  60pq "'lOGRu 1370 - 1444,
Roccus americanus 5 "Mean 1.1 - -0 = - . 0.03  0.03 1 0.02
- "White Pexch ¢/ (2770) Min. 0.340.1 ND ND . ND - . ND ~ ND "ND _ ND
 (formerly dorone) - : Max. 1.8+0.1 G S S dee o B

0.02 - 0.02 - 0.04 - . . 0.05 - 0.04 _ 0.02

: . . ) ole N ots :
1 ND . " .ND o .- ND ND oo - ND
0.1 e  .'.~_** CoLL W % Coowes K E oo

Fundulus heteroclitis 7 Mean. -
"Saltwater Xillifish™ - (1620) © Min. - 1.
: . Max. 3

oty
w5

. 0.0.02 - = 001 - . 0.03  0.02.  0.02
1 ND - " ND . "ND i+ . ND - ND % Np
1

?'Qs'- : ats : T ate to M % . atsuts . ats . oFaats
Sk " . B . . L . Iy . “« . Wy

Zv-s

rundulus diaphanus .6 . Mean-
"Freshwater Xillifish" (1930) ~ Min. _ O.
' : Max. 1.

2 0,05 .- . 9001 ° - .. .0.05 0,03 0.0l
0.1 ~*. ~““ND .- ND. . ND . ND * Lo
0.3 e "-‘;,”*‘.-3 K E .‘Ti._ 'f-'0»2i0-l : o B o 7

Roccus saxatilis 3 7 Mean | 1
”S‘C:’.‘iPEd Bass™ ( 660) A - Min. 1.1
‘ : - . Max. 1.6

Menidia menidia 1'3-2 ~ Mean . O - f”?i-’1f : ';O.0S’_;f"f~ 0,02 C0.01 . -
"Spearing . , ¢ 710) . Min. 0.640.1. ND - ND- . ¥ . ND - ND % . . ND
. s . ‘Max. 0.9+0.1 1  L i.i;g W R Jee ._~‘f W o o o L . . ‘*, 

‘No
”S

tropis hudsonus -~ 3 Mean = 1.1, 0.04 .- .. 0.05 . 0.01. .0.02 ' 0.00°° - 0.01
Spottail Shiner” ( 620) Min.  0.54¢0.1° % . ‘ND- ' ®* ' ND . .% - ND .- ND .
) o " Max. - 2.in;3 A ﬁ* ;l -' ELIRRE Lo ] o o S T
‘Alosa sapidissima . 2 ° Mean - (.9 0104,¢Ax(' — oo 00X = s = 0,02 L - _
"Ghaa" ( 300) Min.  0.540.7 % " Np S 0 % Y ND - - ND ¥ " . ND
' ‘ . _Max-" 1.450.1 .* o . .‘.'.‘: - ":’: _ ) _ ., "_: . _U.




" Species

. : . . Y . : - Co
Y L . ‘II.'
(A ‘ . S Lo D

Samples

(Wt. Gms.) ‘228Ra_

40 226p,

v~ . 'TRBLE V (cont'd.) -

flost:

.: :137CS f

‘Alosa asestivalis
"Blueback Herring"

Notemiconus chrysoleucas 4

2 Méan 0.7 . - -
( 870) Min. 0.640.1 - ND = ND
. Max. - O.8+O.l._ *  s

Mean 1.4

"Golden Shiner

Bl
*U )
U

O

“S

S .
w_JeDC"‘"‘S auritus -

"Redbreast Sunfish"

ol

ANgu
Amepr

111

ostrata
ican Eel

IS I)]

Cawa551us auvatus
Co“aLlsn"

Cvorlnus cavplo
!C I\Pfl

None Detected
TLess .than (.05
Less than 0.10

ND

+(1250) Min.

.4+0.1° ND - . ND’
- Max. kS . ]

N O

o
)

o

4 - Mean - ‘,'>f }0,o1j V

1.0~ .
(1530) Min. 0.54¢0.1 'ND i ° ND .
. 2 LW o 7': e o

0.01

0.02

0.1
ND -

Max.. 1.240.1 L -

4 Mean 1.2 - . 0.01- . 0.02 -
(1260) "Min. 0.740.1  ND* . ND - - ND - - ND
Lo Maxe s 1a74001 e F e i e D%

0.01 . -

3 ‘ Mean 1.5 . c o
.9+0.1 ~ ND - ND 0
3+C.2 0% o %

- ( 890) - Min.
o fax.

TN O

4  Mean 
~ (1390) - Min.
ST Max.

.4 0,01
0 ND

;_"”1 S
( 380):  =

0.01. - -

- ND .

0.03
" ND

S 0.01
ND |

SND

ND

0.02

ND

- 0.02
S ND

‘ ;o 02

::0.02

ND

| ©0.03
K ND s ots

ots -
"

0.02_

0.02

"4002:*_‘.-01 B

ND

- 0.01
_ ND

- .. 0.02

ND. -

0.02-

. ND
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N ',[_ o *-fi\9 TABLE VI |
Radionuclides 1n Hudson RiVEr Flsh, 1967
Concentratlon in pCl/g of Wet Weight

Spectrographlc Data '+ S.D.

No.of

Samples- T RS
40, 226p, 228, 60

1376

”l44ce'

Rocecus americanus
"dhite Perch™
(formerly Morone)

FL dulus Qﬂaohanus
"Freshwater LWlT“fﬂsh"

Roccus saxatilis
"Striped -Bass'

Lepomis auritus
*Redbreast Sunfish"

Lepomis macrochirus.
“"Bluegill Sunfish"

Anguilla rostrata
"dmerican eel’

( 370)

( 430)

( 640)

- (1040)

(Wt.Gms. )

1

2 Mean = 0.6 T N
(1140) Min. +
. . Max. 0'7ip-l.:‘«*j ”w’ﬁ,.*: . R IR
2 Mean -0
Min. 0.6+
0.7

— '2...> R . . AR
Max. 0.730.1 % . %tk

2. . Mean 0
Min. 0.6
. Max. 0.7

1

(-370) 1.0:0.1 . ¢ % 0 ND 0 ND

2> ' Meanr 0.3 S S B
Mino 0»3+Ool - W . .‘ ND K L : ND ND
X '3 1

ote - . ‘13 . - Lo

-~ S%n co

102;"'_091 3 w . ND . - ND L » ND i
O ° 6+0 ° l ) Lo T ) h ND ’ 5 . o ND - L ND o
‘% . ND T NDY U UUND

0.1 - * - ND S ND® . ND.
1 . Lo o : Lo

©10.10+0.,01

ote
]

e
“

ND

.ND

" ND



Species

.No.Of;;
-Samples
(We.Gms. ) °.

- o
LW

_ TABLE VI (Cont'd.) . 7

228

13765

1440,

‘Carassius - auratus

"GColdfish"

Cyprinus carpio

Tctalurus nebulosus

- "Brovin Bul“head"

57-5

ND

-None Detected

Less than 0.05 .
Less than 0 10 pcl/g

3 Mean

'(1450) Min.

*Max.

1
( 370)

S 2  Mean
“( 340) . Min.
- .- Max.

 _ND ° . ND © . ND

ND

af,
% %
RERTS

SN )
o

S ND

" ND

ND
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| (4 & TABLE VII
Radionuclides in Hudson River Vegetation, 1966 .
Concentratlons pCl/g Wet Welght° Collected From All Sltes x
A Spectrograph ic Data (+5.D.)
No.of o . " R | 'v. S o
Species .Samples 40K 226p, 228pa S'_J’Mn GOCo' 106Ru o 137Cs . 144C€
Potamogeton 9  Mean  0.88" ® 2.2 . 0.17 ' 0.13 B 5
Derroliatus ¥in. - 0.43+0.10 - * = . * 0.55+0,01 * ~ND . ND . ND.
» Max. 1.2 ¥0.13 0.37+0.17 * 7.9 ¥0.35 0.40+0.01 0.65+0.48 * 0.15+0.
Potemoceton ~ 5  Mean = - 1.2 w 1 0.80 0.12 2
_crispus Min. 0.91+0.06.  * o S R " ND. . W% S _ ND
) I":ax. 1-5 io.l?OnlS:tOool o 2o6i0006 0043:’_’.0002 . 0013i0002 : Oo23i0.01 w
T;rlothWIum 10 . Mean 0.98 . ¢;m~' o 2.0 . 0.11. ‘ * g
sD Min.  0.29+0.04 ¥ c ND, > % o . ND L% . ND ND
- Max.. 1.8 x0.12 S O 16+0.21'v_ .0.64+0.04  0.22+0.23 . o
Valisneria 12 Mean 1.7 : * O 19 o * . * I
“sp - Min. 1.2+ 0.06 ND - . " :ND o © . ND - . ND ND _ND.
. Max. 1.9% 0.06 0.06+0.01 .- . * C 0, 68+0 01 o o * =
Elodeaisp. - 8. Mean ~ 1.2 . %% CE - 0.70, e * e
) . ~ Min. ~0.34+0.15 % . " ND o -~ ND - Soow w ND °
Max. 1.9 ¥0.C6 0.15+0.01 * | 3 2 +o 05 ©0.2740.02 0.1410.03 * *
ND = Not Detected
- % = 0.05 pCi/l or less -
= 0.10 pCi/1l or less .
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' ‘ - TABLE VIIIX
APPENDIX C . i P o o N
: : RADIONUCLIDES IN HUDSON RIVER VEGETATION,1967
. ' ‘A1l Samples Collected in September o ' Values Corrected to Two Significant Figures
Approx. ' S g : ' ; - ' ' ' a o
Collecting | Miles Species Spectrographic Data (Concentrations pCi/g) Wet Weight + S.D.-
Site - from . _ -
226 _ . : :
Battery 40}( a- 2281'\&" 54Mn . 60(:0 lOGRu 137CS_ lddCe o
#1 56 Myriophyllum sp. | 1.4 + 0.10 - 0.05 + 0.01(0.08 + 0.01[0.01 + 0.01(0.02 + 0.03{0.03 + 0.01{0.01 + 0.02
Potamogeton Sp. , : . . _ .
("Grass™) 2.8 + 0.29 - 0.06 + 0.02{0.14 + 0.020.03 + 0.02]0.05 + 0.07|V.02 + 0.01|0.06 + 0.04
#2 55 Myriophyllum sp. 1.6 + 0.12]0.01 + 0.01/0.06 + 0.01{0.16 + 0.01(0.01 + 0.01]0.08 + 0.03}0.03 + 0.01|0.01 + 0.02
P. perfoliatus 1.9 ¥ 0.18/0.02 * 0.02/0.07 + 0.01(0.14 +'0.010.03 ¥ 0.01|0.09 * 0.04{0.03 ¥ 0.01{0.01 * 0.02
i#3 54 Potamogeton Sp. - ) ‘
, : ("Grass") 2.2 + 0.17 - 0.04 + 0.01/0.08 + 0.0110.02 + 0.01[0.01 + 0.04|0.02 + 0.01{0.05 + 0.02
#4 54, Myriophyllum sp. |1.6.+ 0.13{0.00 + 0.01]0.05 + 0.01|0.26 + 0.01 [0.02 + 0.01{0.06 + 0.03|0.03 + 0.01]C.03 + 0.02
_ : P. perfoliatus 2.6 + 0.19/0.01 + 0.02]0.07 + 0.01}0.19 + 0.01)0.02 + 0.01(0.06 + 0.04]0.03 + 0.01]0.03 + 0.03 -
-===1. ~ |B._crispus 1.7 +0.26(0.03 + 0.03}0.03 + 0.02{0.11 + 0.020.01 + 0.020.07 + 0.06(0.02 + 0.01/0.01 + 0.04
NS 53 |Myriophyllum sp. | 1.7 + 0.18[0.04 + 0.02(0.06 + 0.01|0.28 + 0.02 [0.03 + 0.010.05 + 0.04[0.02 + 0.01 -
Iy P. crispus 1.8 + 0.13(0.02 + 0.01]0.02++ 0.016,12 + 0.01(0.01 + 0.01(0.08 + 0.03/0.04 + 0.01]0.01 + 0.02,
6 53  |Potamogeton Sp. - N A : : o R
: ("Grass™) 2.4 + 0.19{0.03 + 0.02}0.07 + 0.01[0.22 + 0.01|0.02 + 0.01}0.03 + 0.04]0.05 + 0.01 -
#7 52 . |P. perfoliatus 1.6 + 0.18 0-0,4.i 0.0240.06 + 0.0170.30 + 0.02(0.03 + 0.01]0.06 _+_' 0.04}0.03 + 0.01 - ,
. #8 - 52 . |Myriophylium sp. | 2.0 + 0.21[0~  + 0.02(0.05 « 0.01|0.24 % 0.02|0.01 % 0.01(0.13  0.050.03 % 0.01(0.02 % 0.03
N . |P._crispus ~-11.9+£0.15 - ]0.04 +0.01}0.10 + 0.01]0.01 + 0.010.02 + 0.03(0.03 + 0.01{0.02 + 0.02
79 51 Myriophyllum sp.. [ 1.7 + 0.18]0.02 + 0.02{0.05 + 0.,01(0.22 + 0.020.02 + 0.01(0.04 + 0.04]0.03 + 0.01{0.01 + 0.03 -
' P. crispus 12.4 + 0.20 - ~|0.04 + 0.01{0.15 + 0.010.02 + 0.01/0.03 + 0.04}0.02 + 0.01 -
Potamogeton sp.. ‘ ) o o ' ’ . : L
("Grass™) “°12.4.+0.21/0.04 + 0.02|0.05 + 0.01/0.46 + 0.02 [0.03 + 0.01/0.11 + 0.05(0.02 + 0.01}0.02 + 0.03
#10 48 Myriophyllum sp. 1.7 + 0.20}0.02 + 0.020.04 + 0.01]0.29 + 0.020.03 + 0.01{0.07 + 0.05(0.12 + 0.01}0.02 + 0.03
' _ '|P. crispus 1.5 + 0.18]0.02 + 0.02{0.02 + 0.01(0.15 + 0.01(0.02 + 0.01{0.02 + 0.04|0.02 + 0.01|0.03 + 0.03
AL 48~ |p. perfoliatus 1.9 + 0.22]0.04 + 0.02]0.03 + 0.01|0.32 + 0.02[0.04 + 0.010.07 + 0.05(0.02 + 0.01{0.01 + 0.03
#12 | - 45 Myriophyllum ' 2.2 + 0.23{0.01 + 0.02(0.06 + 0.02|0.76 + 0.03{0.09 +.0.0110.09 + 0.05{0.02 + 0.0110.01 + 0.03
‘ . i P. perfoliatus - 2.4-+0.2810.04 + 0.03{0.11 + 0.0211.12 + 0.040.11 +:0.02{0.13 + 0.07{0.03 + 0.01 -
#13 A7 P. perfoliatus 1.3 + -.2_4' 0.05 + 0.03]0.07 + 0.02/0.75 + 0.03 0.07"i 0.0270.19 + 0.06]0.02 + 0.01}0.01 + 0.04
v : ‘ -
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. . s ) S o 3 (Cont‘d.) :
Approx.| _ ' Lo o ’ ‘ o . .
Collecting | Miles Species A Spectrographic Data (Concentrations pCi/g) Wet Weight + 8.D, . o
Site from . . 40 758 - ” 101 .
Battery X 226Ra : Ra 54Mn ) GOCO " ' 6Ru 137(,‘3 1MCe \
#14 | 44 |p. perfoliatus | 2.0 # 0.20[0.01 + 0.02/0.05 + 0.01/0,31 + 0.02/0.06 + 0.010,05 + 0.04/0.02 + 0.01/0,01 + 0,03
- B. crispus 1.7 % 0,20/0,00 ¥ 0,02/ 0.04 ¥ 0.01/0.33 ¥ 0.02/0,05 ¥ 0,01{0,09 ¥ 0,05{0.03 ¥ 0,01 =
#15 42 P. perfoliatus 2.0 + 0.5010.47 + 0.06] 0.02 + 0.04|1.8 + 0.08]0,33 + 0.04]0.29 + 0.1310.04 + 0.03 - ‘
Potamogeton sip. _ -
("Grass") 1.9 + 0.36[0.41 + 0,04/ 0.03 + 0.03/1,1 + 0.05/0.14 + 0,03{0.11 + 0.09/0.01 + 0,02{0.05 + 0.06
#16 42 Myriophyllum 1.3 + 0.260.12 + 0.03;0.05 + 0.02;0.71 + 0.03{0.07 + 0.02]0.13 + 0.07{0.02 + 0.01{0.05 + 0.04
P. perfoliatus | 1.8 ¥ 0.22[0.07 ¥ 0.02/0.03 ¥ 0.01/0.39 ¥ 0.02{0.06 ¥ 0.01{0.10 ¥ 0.05[0.02 ¥ 0.01[0.01 ¥ 0.03
E. crispus 1.8 + 0.20}0.05 + 0.02] 0.07 + 0.01}0.32 + 0.02{0.05 + 0.01 - 0.04 + 0.01 .-

8¥-6
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Appendix C G TR R L
: ) MIXED VEGETATION SAMPLES, HUDSON RIVER 1967 . o R
Al Sampléé Collécéed in October V _ Values 'Correctedv to 'Tﬁb S'ign'ifi‘cé.mt Figures .
Approx. Miles 40}( o 2264 228p4 54Mn- '6OCQ S losRu ‘ j.'37('.'5
from Battery. ' ) : _
52 |19 +0.12| 0.20 + 0.01{ 0.03 + 0.01 [0.84 + 0.01 |0.08 + 0.01 [0.09 + 0.03 [0.05 + 0.01
48 , 2.3 + 0.13] 0.12 + 0.01| 0.05 + 0.01 O.BQ'E;0.0é 0.12 + 0.01 [0.11 + 0.03 |0.04 + 0.01
48 ’ 2.0 + 0.15{ 0.05 + 0.02{ 0.03 + 0.01 |0.42 + o;o; 0.05 + 0,01 {0.08 + 0.04 | 0.03 + 0.01
4s | 2.7 +0.19] 0.19 + 0.02] 0.03 + 0.01 {1.3 + 0.03 |0.18 1‘0.01v 0.12 + 0.05 [0.02 + 0.01
s 1.8 + 0.20| 0.16 % 0.02| 0.04 + 0.01 |1.4 + 0.03 |0.17 + 0,01 |0.13 * 0.05 |0.04 + 0.01
41 - | 2.0 +0.20]{0.12 %+ 0.02 'ﬁ.cs +0.01' (1.0 + 0.03 |{0.15 + 0,01 [0.11 + 0.05 [0.02 + 0.01
a1 | 2.0+0.24] 03320050 0.0540.00 |14 x0.05|0.22 +'0.02 |0:12 + 0.06 |0.02 + 0.01
Mean 2.0 + 0.04| 0.07 '+ 0.004 0.05 + 0.002/0.51 + 0.004 0.07 + 0.002|0.08 + 0.008 0;03 +0.002 .
‘Range 1.3 -2.8 | b -0.47]0.02- 0,11 0.08 - 1.8 0.01.- 0.33 [ND - 0.29 |0.01 - 0.12 -

'ND = Non detectable



()
i

Vel

. anélytical téchhiques and data collected are also presentéd.

-Discussion

~ ENVIRONMENTAL TRITIUM MEASUREMENTS

Byﬁ | .Frank J. Cos_oiito

. Introduction

Since 1964 the Institute of Enviromhental Medicine has

- been stﬁdying the radioecology of the Hudson River. In order

to round out this program, monitoring of tritium levels was

initiated in 1966. During the 'pe'riod. covered by this report,

' (July 1, 1965 to December 31, _196,6)A‘a_Lnalyti_calnbrh-e_thods andd

~ equipment were developed to implement an environmental tritium =

~ T

stﬁdy. This report presents a brief discussion of the sources

~and amounts of tritium currently in the environment. A recently

1

deyelbpezd elec_trolysis'cell is désc‘ribc:d and a sum\mary of

Tritium is produced in the upper atm‘os‘phe‘re‘by se\‘/eral A

- A. B 5 - 7 L ‘ ) : ‘ ) . 1
interactions of cosmic rays with gases. Kaufman and Libby ( )
r:éported the abundance of cosmicf—fq-y producéd tritium in natural’; .

water as ranging between 1. 6 to 210 .pCi/I.  Since 1952 the tritium

- concentration of environmental waters has increascd considerably.

" Tritium ifx the surface waters of New York State in 1965 has been

reported as high as 4160 pCi/l by the Bureau of Radiological I-Iéz;lth
2)

Services While this coﬁmcntraticm is high comparecd to prc-.

Y ‘e
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'1952 concentratlons it is only frac:tlon of the MPC % of 3 x" 10

~ this source alone.

.6_

pCi/l. The increase in tritium in the environment is primarily

.due to thermonuclear detonations. In the fusion reaction, tritium

Ais"pro'ducéd to the extent 6f 6.7 x '106 curics per MT of fusion

. .Since there has been about 300 MT of fusion since 1952,

’ apperximately 2 x 1_09 E_:uriés of tritium have been piroducéd from

. Tritium is also produced to a lesser éxtent in nuclear

’

. fission as a product of the relatively ra're o}céurr'ence of ternary

“(6)

"fission' and rby neutron activafion of-- 6L1 in ‘the so1l . Presén‘t

estlmatco of tr 1t1um productlon in flssmn are 1. 25 trltons per 10, 000

' 4f1ssmns (‘) ‘This results Ain about 1000 c_uries _of tritium per _
MT of fission. o - - - L S ’

" Altho‘ugh the production of tritium in fis sion reactions is

‘small compared to its production in fusion reactions, thi_ré' s_oufce -
may be important in specific localities. For example, the

"Covr'x'so.l.idated ‘Edis{m Plant at Indian'POint, : Ne\x) York relea’éed

(8)

- 455 curlcs of tritium into the Huds on I\1ver during. 1965 CAl-

though the tritium presently discharged by Consolidated Edisbn-

is neglig‘i.ble, ‘the planned construction of additional 'nuclc?,r plants

% MPC,,

maximum permissible concentration in water (Ref. 3).

.,6a;2v



- analyées. © With the néwapparat_ué,

‘conditions for analysis arc greatly improved. For instance, the

" necessitates the establishment of present tritium background con-. |

centrations in Hudson River water, against which future changes

* can be.compared.

Laboratory procedures for evaluating tritium at present

: - éﬂvirbnrﬁér;tal clqncent.;ratio'nqhayébeer_‘x devc‘e.‘lopve_d'. In order to
- ,é:s'_tvin'lafe | accufafely tl;e tritiu;p Euréeg]'o_f gﬁy‘irénmen.tai Asample's ‘
v\';v-i.t}‘lin' a regsoh_aBlé éoﬁ».nAti-n-g tilne.,‘.'enri.chr»r.le;nit'<;f S_amﬁlgs is
:r‘e..tluir'édv. Se'vel'ai %nodificatiohs of the elecfrc'nlytiic.:'e.hri,cyhn;';éht

- appa_,ratﬁs have considerébly reduced the t_im.evr.equ‘ire‘d for tritiﬁm

.

'énfic_llment factors of 7-8

' ‘are obtained in 24 hours. A ‘fact'o'r of 7 has been found sufficient

‘for the determination of present environmental tritium concentrations

with a precision .of + 2% for a 400 minute count. ‘
o ' - | a ' }

* Under conventional counting conditions a 3 ml aliquot of

- water can be cogmted with an eff_iciencjr of 10. 7%. With_é._ back-

.k,"ground‘of 5.50 + 0. 08 cpln this permits the detectiéﬁ of 1550

pC1/1 + 10.% with a 1000 ’ininute éQL1nt. ;I"ll'le.éc‘c‘c;m'ditior.xs nét only
viimit. _t;he ‘accuracv:'y-‘ of dete;r‘nixllé_tiions,_;but a.léo_,:lni?nitﬂthe number of
| analysc.:s fo 10 pe‘]‘:‘. week.

o By enr.iching the water> cohcéntfatiox.ms by a_’factéf of 7 th.c

-
- e

counting time in the above example can be reduced to 140 minutes

e
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U for the sainé de.gree opr.i-ecision or, if ;400 ininute."coﬁnt is
' émp»l.qyied, the p;'é;:isiqll- is inéfeascdto + 2.3%. ~The ’dccr.ease
in counting- tilﬁé from 1000 to 400 fnih#tes also il?c1'ea§es'.fhe.

- nufnb_er, 6f poténtiai samples to 25 per wéek. -

» ‘Eleétrblytic Enrichment

of the elsctrodes during electroilysis,

: In order to obtain the desired éﬁr_ichrnent, a simple électrloly‘sis
cell was d’evrel'o.ped. . This cell was d'ésignedv 'speci'fically to facilitate

r.av,pid; enrichment w’ith a :ﬂinimum of effort. Efficient tritium

,:'_énrichment factors are not obtained a.t}highfcurrent' déllsities. ,
' .-.Thu.s., in parallel—'plate-type e,léctfdijréis cells thel‘vi'nput c:ﬁ'rrent

mu‘st-be'décrebased‘as the aqueous volume 're’ceides down the léng’gh

(9,100 . X
, . This problem has.becn

eliminated by confinin_g the entire elecﬁr_ode surface réqili.l’;:a for

the 'elhecf:rpl.ysis to the final sample volume.  To accomplish this,

coil electrodes are used, which have & high surface area to volume

‘ratio. “Applicatién of this niodiﬁcaticﬁ has resulted 1n the cell

- shown in Figure 1. Although this cell was designed spe‘cific‘:ally ' |

with the intent of obtaining an enrichment factor of about 7 -(in

approximately 24 hours), it has proven to be exceptionally versatile.

' Experiments at high currents (15 amps) indicate that the same

enrichment can be obtained in as little as eight hours. Thus, .the

possibility of obtaining high enrichment factors in relatively 'shortj

{

)
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}.lefiods. of t!ivlne is cile.arlylr évident '.Witlh furit‘hér expe.rit‘nevntation:
it may be possible to extend tﬁe use of this cell ‘-to the analysis of
.liow..level t'x'iti:um s.aﬁlp_les (4 32 .pCi/i) with relatively short
".enr.vi.cztl;l.ment ti‘ivnes in ccint_lfast-to present electrolytic concentrating
ftie_chniques.' 'The_majobr covrr‘lp'onent's'-of ’;im c¢11 a»fe des¢ribéd be_low.
. Gla's'.s;wé.re'v - o L | |
o Cdn‘st‘r:uf:tioﬁ‘ma.teri.élé' v.lrerel restlri‘ct"efd‘ to s't.anda;'r’d- élasé
fuBingi an_q ézjd_un_d glé.ss.j?)ints j:o reducecosts Thg 10\v¢i: por:c‘-i'cl)r.l
ot t‘h_e' cell is made of é?}nr‘n.O. D.»I_fu-bing‘ thch is :fused'ié a 60/50
‘_fjen"1a1>e jqiht to fo'.rn:vl thé c.éll body;. To perrﬂit'_ the introdﬁc’tion
of a'pOIYCth.yl.el'ie sp.la'tter g:u,ai:d, themlmmum :body' dial;xle'ter is
located bevloﬁ‘/ tﬁc joint. The bot;:or.n of the cell is an annulvar well _
o wthh acts as a su.p.port. V‘fo;% Atlhe e-]:éctr.od'es. allid pérmits effAic-ien‘t\ ‘
}_.'_-hevat_traﬁsfe.r. Aithoﬁgh the 'vs-/e.ll' is dcéigned for a m#::imd;n
._éapa;:itsr of iO ﬁml th;a electrédés uscd at pr-‘e_'s"ent'occupylr-.-onAly o.ne‘-'
third of this volume. | |
“The cell’héall consists o'f"a;'s.e%icld. 60/50 male joint with a
2.4/40‘ fernéle joint >att‘ac1’vxed to.‘the Voutsidc Iand t\vo‘ 17 '5 mxnID
| élaés capillairyftubes‘ atfaclle.d Jto"tlhef.insi.de. ', 'i‘he 24/40 jq!int in ’
ti‘xe cell heac& is .us‘ed for int.r_'o-du..cing“addit.ilonal :sa?nple during batc':vh‘_
»eiectfolyéi}s and as a suppo;t for a \suit»ablc dcvic.c: to i)revént;. ex-

- change with atmospheric moisturc. The glass capillaries provide

e
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imately $50.00.

~a convenient rigid support for both the electrode leads and éplattci‘

gué.rd. ‘These capillaries facilitate introduction of electrodes

“into the cell and eliminate the need for grommets or.‘pla_.,tinum'— to-

glass ‘s_eals‘.w VDuring operation of the cell, thc small annulus

)

* around the electrode leads is capped with ord'inéfjr putty. The
""-_annulué is suffiéiently small to permit vacuum distillation w'hen

- sealed with vacuum greasé.: “Total cgist of a Sizlgle cell is appi'ox—

- Eléctr.odes

‘ ‘ Spi.étter Guard

A 1/16_'% _.fhick polyethylene disc is used as a s_pla‘tter--guar.d

to confine the ‘sv'amp'le to a small VOlu'me),d'm-ing electvrolysi's.‘ For

~ -

,-:a spl-atter‘ guard to be ef)‘;ective; ther_e.'sho.uld' be almost Zél;O Cieaf; )
. “ance 'Iv)etwee;x the guard and ‘;h_e c;zli w_"all.b ' Thé use o.f_rigic}f ma.térial's.
- is a\}qided since't.heSe have beeﬁ founci._to jam, jc"aus‘;i_n‘g b,féé.ké.ge of |

- the .é'é.pillaries which act as a ‘support"._; _foe éplattér gual‘dls held

" ’in position by two | O-rings which are slid on to the’.’cap.illar.iés.

Platinum wire is used as the electrode matérial because of

its durability and excellent structural characteristics. Highilf

refined gold and silver (99.99%) have been tricd; but besides limiting

‘the choice of clectrolyte, thesc materials have the additional dis-

. advantage of lacking good structural éharacteristics. - While the

platinum wire is soft enough to be formed by hand, the resulting

R
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.'c,'o_'ivl's are 14. 4 and 76 cmz respec’tiveiy.  Both coils are Acontairﬂl.ed

~ since on: oxygen atom is discharged at the anode for every two

“using larger electrodes.

coils are highly résinlien_t and have maintained their form during
siz months of opération'._ Each electrode is constructed of 0. 051"

diameter platinum wire. The cathode consists of a 56 cm leng_fh

i of \'.vAire of which 36 cm is wound into a coil that lines the inside

- of the ;;utelr wall of the well. The anoae is 4 39 cm length'.of xvife_
‘ ‘.>of‘ which 19 c¢m is wound into a coil which slides down over the N

. center glass suppor't_‘_in the well.  The surface areas of the vele’c_t.rode

3

.Within a_vo‘.lumeA of 3.5 ml. Since an initial volume of 50 ml 6hiy

" covers about 3 cm of the coil leads, the _c'h_ang‘é ‘i_n current density

during the entire electrolysis is only a few percent. In ad.ditio_n,.'

hydrogen atoms released at the cathode, the anode surface area’

" is _oniy one-half that of the cathode. - With this'surface area, the '
'inpﬁt current can be - as high as 7.2 araps, v‘wit'hout'exc»eeding al. '

.current density -of 500 ma../cm2 .' at the cvathode. Sarﬁples el_éctroljzed

at current densities of from 49 to 208 ma/cfnz_ show a linear

‘relationship between enrichment factor and volume concentration

“factor. Figure 2 presents this data and also indicates a decreasc

in enrichment factor vs. volume concentration factor at higher
current densities. Two experiments were performed with twice =

: ' ) ) L . , 2 ‘ .
the clectrode suvfacc arcas at 15 amps (535 ma/cm ); demonstrating

that the operation at 15 ;’Lmygs can be made cqually cffic’:_icnt by

ba-T7



‘the unknown samples. Electrolysis is ‘perf'orffned in a constant

f.t"empe‘ratu‘ré bath at 10 + 1°C.

: only 0 5% of hydrogcn to a 50 ml sample Even if the sulfurie'éic?i_d '

Analytical Procedures

"To check for reproducibility, six cells were run in series at

a cur'r'cnf of 5 ainps usling standardized tritiated 'water: _ The in-

dividual results were found to a.g1 ce within 1. 56% 70, which is wifhin

the limit of experimental errors in overall sample preparation

~and counting. During the electrolysis of environmental samples,

one .spiked cell is electrolized in a series of 6 cells contaix_ﬁng

Sulfur1c ac1d is uscd as the electrolyte at an 1n1t1al concentratlon

- :of 2 6% The addition of this amount Of'sulfur,ie acid introduces -

~

were conta.mma.c.ed to a level of 3200 pC1/l the contrlbuuon to the

~.activity of the samples reported would be' only 1%.' The use of |

“sulfuric a:id considerably reduces power requirements for electro-
lysis. A the above concentration the voltage r-equirement after

15 minutes of boper'ation is oﬁly 5 volts per cell at 5 axnps A

typical electrolyte such as sodium sulfate has ‘tw'ice the voltage
requirement under the same conditions.
During experiments to determine the variation of enrichment

factor with volume change, sulfuric acid as an electrolyte has an

‘additional advantage. By using an acid, a quantity proportional to

- the volumc\ concentration-factor can be obtained very accuratcely

by titration againsf a base.  If an aliquot of the sample is titrated

.-6a—8_



" appropriate normality of the titrant. In addition, a khq&n fraction
the acid by ordinary distillation (in a sys"cem‘sealed from a;cmos—.

fractionation dufing' distillation .

against standardized sodium hydroxide solution before and after

: é»llect_rolysis, ‘then _the ratio of the _chzinge in acid concentration is
_frbporfiqzlal to the volume change. »*I_‘hi's eliminates the need for

- completely recovering the final sample.by vacuum di‘stillation,'

-'  and deferxnining the final volume gravimetriéally. ‘A tritration -

- can be per£61'1néd ’_coh better than 1% af‘c‘c_uracy by choosing the

’

= of the samplg can be easily and rapidly rec'oy‘erec.] directly from

- pheric moisture). Tritium recovery is then corrected for -~

-

(11)

EE

© Using the above method, ‘spiked'samples were cbncen»trate\c]

for various times at currents ranging from 0.7 to 15 amps (sece

- Figure 2). The data indicate that at urrents ranging from 0.7

. . . ‘- . o . . R .
to 3 amps the tritium enrichment factsr is proportional to volume

" change. . As indicated previously, decrease in enrichment factor

versus volume change at the higher currents can be eliminated

by éimply increasing'the.si.ze of the electrodes. The resulis

-indicate that enrichment factors close toltho'sc obtained at the
- lower currents are possible. Electrolysis at 15 éh1ps is partic- .

ularly attractive because at this. high current; a volume change of =

10 (from an initial volume of 5"0'1‘rnl) can be obtained in as little

as eight hLurS.

) =,.
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"Results

_Tritiwn concentrations in the Hudson River and environs

‘are presented in Tablel. The error qqute_d' is ;l—_ 4% and was’

‘calculated to include a '+ 3% uncertainty in the'tritium standard

' 'obta_ine_:d_frmn the N'u_clgar Chicago Corpor.a,tion: .These_results

. a.g>re'e with those p.ublished in 1966, by the Bureau of Radiolog_icai ‘

BCi/l.

~

' No significant increase in the tritium concentration in the vicinity

‘miles nor.th of Troy, New York show essentialiy the same tritium

P

Héalth Services of the New York State Dei)ar’unént of Health.

4

...‘ ~of the :ConsolAida'te'dv_ Edison Plant ati_India'g»r'i Point c;an,bé:se_e_:n.

_':Moi'eover, samples from lakes and streams extending up to 100

~

. _concentrations were within the riarrovy range of from 1580 to 2290

N
+

'Ackno&ledgement ) ) =

. The author wishes to éxpress his gratitude to James Miller -

foi‘ his irvaluable assistance in the laboratory.
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 Table 1

‘( I " Tritium Concentrations in the Hudson Ri‘;/e.r and Environs
Cy e Sampling Mile - Result
~° 'Date . osite . Ne.. M peinn

(Huaéon Rlvcr )>_ .‘

-8/8  I-w-3 2606 1720+ 70
- 1I-E-1 A - 40.8 1820+ 74
I-w-1 . 4L4 1920+77
I-e-3 . - 43.7 1750470
I-W-2A . 56.5 " 1890+77
. CIH-W-2 ‘ - 67.3 2080+83
IV-W-1 - 86.1 2080483
IV-W-2 - 95.1 - 2170486
IV-W-3 | ©100.5 2290493
IV-W-4 - 104.7 - 2010480
.ou/1 0 I-w-rooo 414 . 1840+74.
R O II-W-2 . 45.2 - 1840474
L I-Ww-2A ~ 56.5 . 1760+70
- L HI-W-2 - 613 11660467
e . - 1v-w-1 - . 86.1 1650+ 67
‘, g - - o ' (Sterling Lake) o
8/4 Surface . e 1920477
- 3 - Bottom S .- 1800474 -
s S ... . Meadows ' - 1970480

S (North of Troy, New York)

9/3 | Schrooﬁ Ri\/;er v., ‘
(2)

'~ .. (at Route 87) 200 1980480 -
B S "Schroon Lake S
- (2 mi. N. of Pot- I AP
- tersville 215(2) 2270490
: 7 o Lake Champlain 2 S
o ' o . (at Valcour) ' 245 - 2100+83
» O ' - Ausablc River ' N '

(S. of Upper Troy) 260( ) 1580+ 64

(1) Indicatcs 111i1¢s from B_éttcry.Parl;, .Ncw‘Yer:
(2) 'C31'oss¥flig'ht distance to Dattery Park, New York

& T
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", TRITIUM CONTENT OF STERLING FOREST
S ' WATERS =
* By: " Thomas A. Janke,

. Introduction

R -TI’A-itil.'n’I‘i, ,the'xja.‘.dli.oac.tvive isotope of hydlogen, ha',sbbeé.:nl-
i.'dv'e_-l;l'ti:fiedlais" a vaiuablg :tool 1n envir.omnve'nté.vl an'd_,;b‘iospherc o
' ';stt_;’d,ie;s'.. EXarﬁirLatiOn of: the t11t1u.m .co‘nt'éntA _of prlf‘:c'ipit:‘;tib‘n.,‘

' sﬁ;fa?:e water éfnd‘ gr.ound water has.'proxvridéd'..'iﬁ.f;)'rrriation_ re-

.‘qgired 1n evaluating haz:e.rcis fromtrltlum, -an'd also h)-'(d__lrol.qugicaln,

. ‘n;leteoro'_lvo'gic-al and i‘:édio.log.ica‘l héé‘zlt.h'~ ililf.cijlr;na..‘t.i.on} ) .
: A s'_t'ﬁdy of _th'e;\‘-critiu‘m .conte_nt of fhe w.at’Erls .of Sferlihg .

—

o I;éi:ésj: is é‘hecesAsa‘ry Qbfnébnent of aﬁ.envii'onme.nial study _‘of 
"1:he.’a‘.reébx.‘v' Iﬁ an éra‘. of incr-easing. use bf atomic éner-gy é.n'd”:radi‘lo_-‘
-'t..'_i‘._sq.fopes, "basuc—:_, 1‘jefer‘en‘ce aﬁ'd monit;ring measure:_rr;eﬁts are
increasin;;'ly iﬁlportant.
_.'-Tll’;e 6b.‘j‘ec“t;i\-£:;‘of tflis sur:vey’ are coméicmént@r_y. v:Firs‘t _
is. an e‘ya‘luati_onv of the tritium éénteﬁt of.'t'he wétérs iﬁ Sterling
Foresf; 'S>ec>ond is aq’ intei‘pi‘ctatio.ﬁ-of th'é'.data and correlation

A with possibly influential environmental conditions.

L

O » - Area of Survey

Sterling Forest is located in Orange County, New York, '

T e
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‘approxlmately 50 mlles north\vest of New Y011\ Clty

‘ 'basm (

A explains the numerous springs in the area

(16) "The

area is hil].y,_"forestcd and gex}crally sparsely populat'ed, with

a few research, cultural and industrial facilities and residential

sections scattered within its confines. -~ Of particular interest

" in this ':survey are the five megawatt reactor opervated. by Union

' _Carbide Corperation, and the New Yoi‘k Uni{)eréity Institute of

Environmental Medicine.

Ster{liing Forest lies prh‘harily.with'ih the .G'r'eenwo.od - |

' Sferling~Lal<e drainage ba'sin. T-he remziining nerthern portion

of the forest drams 1nto Mombasha Lake and the Ramapo Rlver

12) | Muc'_h of the flow in the basi_n is 'due_ to preci_pita.ti_on,

-~

‘surface runoff and surface streams. Underground streams -~

also contribute to the flow: This is because the underlying area

is pfedofninantly metamerphic rock, a factor which partially'

(24)

Sterling Forest

1tse1f encompasses an area of apprommately 30 square miles

(21)

o

-Figure 1 is a map of the area, with sampling sites indicated.

literature Review

Since 1952, the levels of tritium in t'h.c.en“vi.-ronm‘ent‘have:"’

been recorded as increasing by several orders of magnitude due

largely to the production of tritium in thermonuclear detonations.

It has been cstimated that 6.7 x --1(_)6 curies of tritium, most of

~
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" of fusion

©oit méy exist for years

 logical. half-life of 13 days o_ﬁce it enters the envirom’neht'al tropo

" from the atmosphere.

- which"is injccted into the'stratosphere, are produced per megaton

(4)

A less influential source of environmental tritium

. . . - . . - : B . . - 3 .
“has been nuclear fission. It has been estimated that 10” curies
_of tritium are preduced per megaton of fission (4), 'A.l‘thou.gh
~ the impact of fission yield per se is not as greét as that of fusioﬁ,

‘it is attracting more attention because of the increased use of

fission cnergy for power.

-3,

* . Most tritium is formed under oxidizing conditions and

"-_appeéré as HTO. In the troposphere t‘hisl tritium is subj'ect' to

fairly rapid mixing and deposition, whereas in the stratosphere

(s’ 1, 15)._ .Tritium has.,‘ as H4TOA,. a bio- R

~

‘sphere. (5), Oceans, which act as sir{ks for tritium, contribute

_ to this because of their rather high 'effic_ienéy for vreAmox}ilng‘ HTO

. To date, tritium in the environment is d_éi'_ivéd'f1'om detonatior

of therrmonuclear devices. 'In general, investigators have indicated
" that environmental tritium levels have increased step-wise, doubling

~ every two to threc years since the advent of thermonuclear testing

in‘19._52. Table I is a representative list of some of the tritium

‘measurements. -

A fluctuation of tritium concentration in precipitation from

 6b-4



CONCENTRATION -

V . : . JE .
YERR | _SAﬁPI‘ p0i/1
11951 ’ T o |
. RAIN | o 3,2 - 32

1 sureace waTER - 3.2 - 19

GROUND WATER 1 0-19

1954

| NATURAL WATER . - | 16 - 216

ATMOSPHERIC HYDROGEN GAS | - 4.8 x 10%

| 1959-1960 _ e . o
R RAIN AND SNOW U P 96 . -2960 .

SURFACE WATER = | 64 -1060

GROUND WATER 0 - 32 I
1961-1962 S R o
RAIN AND SNOW | se4 -4800
SURFACE WATER 96 -1620
GROUND WATER = |- o-9
ATKOSPHERIC HYDROGEN GA3 | 3.2 x 108
1963 | R o
S RAIN AND SNOW ~ | 320 ' -3200

SURFACE WATER . - . | 32 - -3200%

| erouwp wATER . |© 0 - 320%%

TABLE 1 - ENVIRONMENTAL TRITIUM CONCENTRATIONS (4,5.14,20)
% Some unique readings to 4.8 x 10% pci/i. -
£ Some unique readings to 3.2 % 103 pCi/l.

!
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Appx ox1mate1y 70 To of the year': 's total is eypected 1n the fir st six

the build-up of tritium in the environment, a few sources have

‘ unfortunately, do not mentlo*l tr1t1um pcr se, but refer to

~'Stront1um 90 dep051t1on | In general the p1cd1ct10ns for vSr

‘ 1963 to 1965 but no great chanctc since thcn

- position time for tritium in the stratosphere

" month to month has been noted. Peak concentrations occur

, durihg the sprihg.of eech year during the so called "spx‘ihg leeli" '

and are related to the 1nJect10n of str atosphe1 ic dcb1 is into the

(11,12 )

troposphere near the polar regions Short term variations

" in surface water concentration are not as detectable as those-

~ in precipitation, but seasonal variations are seen, generally

following the spring incree.se _in'precip-itation co_ncentr"ation.'

¢

o ',‘-months of the year (6).

* Although the bulk of tritiurn_ literature concerns itself with

-

N
~

niade. qualified preclibtioﬁs about a decr'ease in fellout. These, -

9.0,
i

.have been that the dep051t1on after 196 W111 be about half that of

the prece ling year for each of 'the followihg year§ wi_th an equilib-

" rium betwecn ﬂround mventory and atrnosphe1 ic dep051t10n occurring’

in 1967 (6 11) Brookhaven National L’aboratory, monitoring gross

beta activity for several years, has observed a decrease from

(lO 23)

From an estimate of approx1mately t\_vo ycars', mean de-

(22)

and from the

e
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"SURVEY

SAMPLE

' CONCENTRATION
- pCi/l

" DEPT.

OF
HEALTH

(1965)

' GENERAL SURFACE WATER

LARGE LAKES

. NUCLEAR FUEL SERVICES AREA

GROUND WATER

RAIN (ALBANY)

- INDIAN XKILL

480 - 3550

480 - 2250
<1600 - 4200 .
9.7 - 225%

1500 + 80 .

| <1600

DEPT.
- OF
HEALTH

‘(1967)’

RAIN

" ca 1600

NYU

| Aug.1966

" STERLING LAKE - SURFACE

. STERLING LAXE - BOTTOM

1900 £ 77

1800 + 74

TABLE 2 - NEW YORK STATE WATERS TRITIUN

| i? _One unique result of 1560 pci/1 . -

survey (1240

CATEGORY OF WATER

“PREDICTED

- pCi/i. .

PRECIPITATION

SURFACE WATER

GROUND WATER

~ 1300-1600
16001900

< 320

- TABLE 3 - PREDICTED STEREING PQREST.TRITIUM CONTENT
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- face and bottom water

' cy_cle.

measurements ‘m'a'.dc. by the New York State DePartment of Health

f(see below), it secms that _the pr‘it‘vium“.centeﬁtj of precipitation Av
‘has fallen since 1962-19_(.3.3, but now shows a more graclLlal decrease.
' -.;\Ialues for the. tritiQm con}f‘.ent ef the waters of New Yo.e‘1<.State |
for 1965 ha.ve been reported (Ref. 1, Table 2) | Waters of' :thc 
'Hudson Rlver in 1966 contamed 1600 2300 pC1/1 (4 ) .and the local

: Sterling JLake about 1800 pCi/l with 'little differcnce between s_ur-.

: Using the published data, it is pessible to fﬁredict the values

in Table 3 for the tz:ifium clonte.nt of ,S‘teljling Forest waters.. Pre-
‘dictions were made for '_a‘L.'ll three categories of water, although :

‘the original intent was to concentrate on surface water, and to -

~

apProxinuate and identify the relationship of expected surfarce.wa.ter'

tfitium content to the two other local cetegories' in the hydrelogical

The generally low co_nc‘entrationf'- of tritium pfeSent a

" .‘pr'oblerri of measurement. Acceptable results can be produced

by increasing the counting time, decreasing the counting rate

from the. background or increasing the counting rate from the source.

The count rate of a tritiated water saraple can be increased by

enriching the sample. The four main mecthods of enrichment are .

electrolysis, distillation, thermal diffusion and gas chromatography

6b-8 .
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~short range, tritium is generally incorporated directly into the -

- détectioﬁ system.  This is n‘o'r.mail'y accomplished by placmg

‘Procedures

to fulfill ‘he gollowing general criteria;

- (2), Of.these, the élécti-olysié; of water is usually einplb}‘fcd_f,or

: ‘en'richmcnt of the tritium in the sample. The heavier isotope,

tritium, is discharged -more slowly at the cathode than is hvyudro‘gcn

" and tends to. concentrate in the residue. This is the method chosen.

4Fc-Jllo‘wing enrichment, the deteétion.' system must be ca‘reﬁtllyﬁ

."'selc'ct»ed'bec.ause' of the low energy of the tritium beta. Duértovits

tritium in a liquid scintillator for scintillation counting or converting
' ‘the tritium to a gas for counting in an ionization chamber or pro-

' portional cc_)untér '(2)._ For this survey, liquid scintillation@ounﬁng

~

'A_ft-ar seiecting the eq'uviprnentbla.nd' methods to be used, the

'sampling site locations were chosen. = The sites were selected

1) Suitable cross section of the Stel*lirig Forest waters to

insure a random sample of all major systems.

~2) Specific examination of the Union Carbide and New

York University Lanza Laborétory influence on the tritium content

of adjacent waters. -



'3) Verification of the absence of stratification of tritium

4»in'Ste:r1ing Lake (and hence other smaller bodies of water). |

© - - As thc'"sur‘vey progressed, other sites were added toa .

_totéi'of 25 samples from the following 1o<':at'ioné':

Sterling Lake (2) - Indian Kill ¢ 7 Ltl. Sterling Lake
Rain (Union Carbide) Warwich Brook _ " NYU Aparts. (2)
‘Snow (Stcrling Furn.)  Sterling Forest Gard. " Swan Lake
Ashman Pond ~ - 'NYU (Lanza) Lab. (3) Bramertown Road
‘Mystic Pond : Forest Knoll - Maple Brook
Four Corners Pond ‘McKeags Meadow Sandy Beach Lake
~ Indian Lake Reservoir . Blue Lake o " Cedar Pond Creek -

 TABLE 4 - SAMPLING SITES (See Figure 1)

o Sampling was conducted over the period 26 March 1967 to 18

.Ap.r.il 1967, primarily on lw-eekends. fhg: sér_nples were ,coll\':ec'ted'in
;[00-n'1_1-bott1es WhiCh‘ had bee‘n.wpr:evioq;:‘ly. rips'ed‘_w;it.h .\;;ra;fel- ‘é.'nd oyeh
d'rieAd at ‘3000 F foi" 30 minutés_. On 31te t_hey‘\vére‘.ri_nse:i séverali
.;ll.:ir»nes with the sarniale being é:qlleéted.'-‘l_‘ Sampling vwas co.'nd‘li’c't.ec']'

moving upstream wherever possible to avoid sampling the same
. (<] ;

portion of water twice. -

After salnpling,

-

processing (see Table 5) was ‘usually begun

within threec days. The initial step was a distillation to remove

minerals and othcr contarninants. Potassium permanganate and

‘sodium hydroxidc were added to a 70 ml sample \V}AliCh‘ was then

b
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- 'at.e'cﬁlilibriuln.‘ - » o e e

L
/ .
o

distilled to provide 35 ml of distil.lc‘d'waté‘r, free of confa,nﬁnan’ts."

'Potas:s.iuln }.)er.lhang"anate' and sodium hyAdAxv‘_‘oxi’de are a..ddr‘edv to conv‘ert
vi‘r'n-:erfcri.ng organi‘c‘»su.bstarllées vto water :arlw.d‘ ca.r'bon" dioxide. _ .Sé_mplefs .
;ha.f cohtg.inéd 'exceS'siye s‘uspended matier were in’efiltef¢d I;ef'orc
-.distillgﬁon. | _Between_'é.ami)les, t_hé appa:ljafds wa.s_‘ﬂusheci w1th

. acetone and vacuum or air dried.

It was not neces‘sa.ry to distill to dfyness,‘ but only to deter-

friine_ a fraction di_stiiled because of the ﬁs_é'of ath:.orrccti‘on fvac:tor
| A(F) develdped by Riley and ,Brook’én (18) bé,sed on the rat,i,o‘of' con-

. centiation of't'ritit_,un in tritiated water to that in the vapor pha.Se_'

~

- After the first disti}lla{_ion, j’i:he t‘,:’iti::lm Qas «con‘centrat'e'd

by electfolysis utiliZing-_av urﬁque elect:}olysis cen1 (4 The

_ electrodes in this céll are confined té"th‘e_ﬁhal irolmne well, thus

eliminating the requirement for adjusting current as the volume

) of the sample decreascs .during,electrolysis. * Sulfuric acid (O._4

ml), was added as an electrolyte to 25 ml“‘of‘thve sample and the

sample was electrolyzed for 19 lﬁpurs with a current of 3 Amps..

’

" This combination was selected as giving the best'enrichment, for

the least time expended, for the maxi{n_um” number of 'c_ellls used.

1t also allowed for elcctrolysis 0\'ernight"f,\‘vithout‘:a;ttendanc”é. ‘The

Kepco Constant Current DC Power Supply. automatically varics

)
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" .volumes of each sample were distilled, thc—;._,cnrichm'.eﬁt factor

" voltage to maintain a steady current of 3- Amps. Six electrolysis

cells were connected in series allowing for the processing of five

_ sampleées and a spiked tritium standard.

r. After e_lec,trolysis, the samples (anﬂ the standard) wer:ew‘

distilled to remove sulfuric acid. During thié opé"ration, although

‘the samples were not distilled to dryness, no separate distillation -

correction factor was computed beéause, By insuring 'fchat equal

’

.c-'omp'uted later incorpo_r'ated the distillation_ correction factor

applicable to all.‘ samples; Between samplés, the apparatus was

fiush_éd w1th acetone andvdriéd’.

1 -"_._'I"hree ml of the distillate were thenlélaced'in a polyethylene

vial coﬁtaining a liquid sc‘int_illaltion ce cktaii of diokane/naphthalenfe/'.

[

PPO/POPOP (7,

The Nuclear Chicago Mark I Liquid Scintillation Cdrﬁputer o

. was used for counting the samples. = Samples were grouped as five

sa_rnp_les, the concentrated standard, ‘unc_oncentra’téd stand.ard, and

| a._triti.ﬁm free sample. Samples were cqtﬁlibrated for up_to 10~

hours to eliminate counts induced by sample exposure in the 'cdck-,
tail.to artificial lig.ht'or sunlight in the laboratory.
Samples were counted repetitively, usually over a '\v-éeke‘n_d,' .

for 200 minutes.

6b—13
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. Was calibrated for a

» -corﬁputétioh of counfihg effiéichy by the channels ratio-quench |

_ ‘for the éamples in this s’t.uﬁéf) W_a.s determined from the dpm/ml

The Nuclear Chiéago Liquid Scintillation C"Omputcr (13) is
essehtially three single channel analyzers. Each channel has an

adjusfa_bie base and windqu width and the tritium channel was
selccted to maximize the figure of merit _5__ . A second channel

133Ba external sténdard incorporated in

- the cour'xbter. ~This external standard was counted in all channels

for one rn_in_uté following ._each 200 minute sample count in o:'def that

>

il

'éorre_é‘tion' method could be made.

- After counting, the sample vials were stored and the final

. computations made. Background was determined from tritium

: free water, the enrichment fac’tof _(.\).ilh];.dl was from three to four~

~

" for the concentrated and unconcentrated standards, after correcting -

.

=" . . L s P L
for slight differences in counting efficiency:

.~ A quench correction curve was prepared by incorporating

K

from one to five ml standard tritiated water with “"cocktail' to. a

cpnstant_ZS ml volume 9. B_aqltgl'ou.nd was measured concurrently

L anid: subtracted before computations were rﬁad@_ The'res'ulting

curve is shown in Figure 3.

%S = sample count, B = background count

»

P
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13
' Counting

Efficiency :
2 %

. : 11

10

L A-;-V *'Channels Ratlo . R
. FIGURE" 3 - QUENCH CORRECTION CURVI'_,

..

.The overall error for the system has been estlmated at + .

' 7 (4) .. o C ' ’  ‘\7--

This is pr~1mar11y duc to ine qultles in me‘asuremen_t

' durlng sample trahsfer, additior; of tritium in HZSO4', énd con-

A

. fidence in the known standards used for the, determination of ‘

enrichment factor and the quench correction curve.

~ Accuracy and efficiency in the enrichment process was

verific?d by cotmting a 3 ml volume of a 'distilled sample withquf

enrichment and comparing with the enriched ‘sainple count. . Both
counts agrce withinkl__standard deviation and the system was’
considered to be producing accurate counts. ".'Sec‘o‘ndbly,v a i)l:anc'hct

was i);'epal'e_d with onc ml of distilled sample and evaluated for

" 6b-15



distilled sé.ndple were evaluated for X and ga.rh.ma act.ivity oh'the

; both alpha and beta activity on the Nuclear M»ea's;ufelnént Corp. -

Gas Flow Proportional Counter. In addition, two ml of the

S .I\IIHJ.'cle.aII'..D_ata I\iultiéhanxiel>A.1;a‘l..y;>:e.r. ,' In a..ll threci césé's ‘it was
‘:- '_4e't¢;n1ineci’iﬁitiale that no ofher rad"io.n'uc.l.ides werc present.
- ,'.Sinc'c._ r.aidioaciiivity had been det‘e”ct.ed for' fhisj sample bon i;ile
iiquid écihtiliation .co>urv'1teri, it was aé,:vs'uﬁlue_dé:hat triit{u'm, whlch
' Zz.w_vt:‘;ul.d xvlm_-c:)t.ré‘gis'ter o# the .multic.:.hahne-:ullzénal;{éer andwhmhhad ,
evaporétedfrom the planchet, wa:s the only radlonuchde prcsent |

R . A slight, low energy peak in the ‘G/ -;: ,spectrutfi was attributed-

~ to tritium brer’nséfrahlung. ' o s o
‘.R'_eSulfs and Discussion o
The'resul‘cs‘,: obtained in this survey are listed in fI‘ablhei 6.

3

o Thé sampling sites are located on Fig‘lr'e L1t was"sémefimes '

'"‘.\_ necessary to identify the sampling sit: by the h_earest recogniz- .

able 'topographié feature. Thus sample 30 (Lakeville) was

.taken several l:iimdred feet east of La'-<evi11e, sémﬁpie 13 _(F‘c.)_x.‘evst ‘

Knoll) was taken several hundred feet north of Forest Knoll at
the Sterling Forest Boundary.
Several measurements are significantly higher than the =

remainder, specifically samples 30, 31, and 38.. Samples 31

oo

-and 38 were taken at what appeared to be a small spring approx- -



~a
el

SAMPLE DATE LOCATION s
1 4/12 | STERLING LAXE (SURFACE) 1190 + 84
2 4/12 | STERLING LAXE (BOTTOM) iz;d»i 84
.5,‘ 4/2 | asman pop - 725 + 58
6 4/2 | MYSTIC POND L 940 & 58
7 | 3/26 | Four comiErs (poND) 785 + 61
8 3/26 | INDIAN LAKE RESERVOIR  '"' 680 + 51 :
o | 3/26 | mvomnxmn L 595 + 58
10 | 3/26 | waRwICK BROCK'; o 790 + 64
.-11._ 3/26 | STERLING FOREST GARDENS 770+ 61
12 - | 3/26 | NYU APARTMENTS (MARSH) = 850 + 58
13 a/2 | FomesT wvoL. 630 1 ssi
24 | 3/26 MCKEAGS MEADOW o 2066« 64
15 3/26 | BLUE (SIERLING FOREST) LAKE | 750 61 =
16 3/2% | LITTLE STERLING LAKE | mso s 67
18 1/26 | NYu.APARTMENTS (TAP WATER) | 1080 + 64
19 4/2 SWAN (LITTLE DAM) LAKE 919'£‘ 64 -
éo 4/2 | BRAMERTOWN ROAb»(CREEK) L 650.i 64
28 49 | sware BROQK t_, . 550 + 71
30 4/9 | vaxevILiE . 18x10%+ 180
31 4/9 | nvu Lawza TamoRatoRY 32x163i‘320,
36 4/16 | SANDY BEACH LAKE . | f740<i~ 67
37 4/16 | CEDAR POND (OUTLET) 7803 71
38 4/l8v NYU LANZA LAPORATORY | 22x103+ 220
3 | a/12 | rami vaTER (UNION éAﬁﬁiDE) 970 + 77
29 | a7 | suow (swngsz'puRNAcE) - 610 1+ 74

TABLE 6 - TRTUTIUM CONTENT OF STERLING FOREST WATERS

% Expressaed as pCi/l.
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S

- high in relation to the other samples, the fﬁeasure.ﬁ)ents do no.t'r o

. quickly diluted by the much 'grea.bteir volume of the sfream (Sqe B

: .’imé.tcly 1@0 yard‘s helow _the waste water 6\_1tlet 61’ tlié 'south'el.'n‘
wmg of theNcw York L-Iﬁive.rsiyy Lanza. En.vi;omncx.x.ta.l Me:'c]icine
: Labo.fatof'y; Sém'plg 30 wa.-% t:aken >a‘p.proxilrnately 500 yards Ab

’ 'fa.l_'ti'lef."_ éo;rvn .hill, gelowia con’"_sﬁéréble marshy afgé., bﬁt up- |

hill from the Sterliﬁg_ Lake outlet stfé_am. -"Although uniquely

>

indicate a large source of tritiumv(é.‘pproxii'nételvykl% MPCW_' for .

: -the g_enéfal pvopulatic?n). " The obvioﬁs_ explanation for the hlgh o

 values is tri'-ciun'q in the e£f1u¢nt_ fron{_ufhe; Lanza Laboratory.

- -

A.ftér entering the Ste_fiing Lake outlet stream, the water is

S~

sé.mples 14 and 16). During ‘the time of ‘éajr.'nvpling f;heré wa$=rio -

-ineésurable outlet flow and it was not possible to estimate the

tritium cohcéntra;tion at the outlet.

. It is worthwhile to refer back to the p‘i'.cvious fefm‘en‘c’e

[

‘ ﬁ_ﬁ'easurem'ents and the prcdicted values for this survey as‘_note_d

>

" in Table 2 and Table 3:. most of the t‘ritiurr:i_ measurements are .

loy\}'er than predicted. The values ndéasured for hSt'e'rling Lake

i‘n'Aprilva're_llowevr than in Au.'g'u'st 1966. The ;cadihg_s do}_, how -

- ever, verify the absence of tfiti.um stratification rcported in 1966, o

It scems reasonable to-assume that the individual waters in

-

Lo
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, '_fnent:s.' Two possible explana.tions-a're, first that the survey

. tritium content.

Sterling Forest have an homogencous tritium content and since’

each specific body of water has a uniform'distributio‘n of tritium
Lt is acéept'able to take a single sample to evaluate the t‘ritium '

" “content (excluding statistical requirements).

. 'Sé.mples '8 and 9, . collecte_d from waters near Union Carbide,

show no significant variation from other samples.

o o The fact that the waters in Stei'ling' Forest have less tritium®
~ then predicted warrants someé explanation. . However, the possi-
. bility that the prediction was a bad éucss ‘and that the waters were

' ,,ﬁalv‘v_aYS' low in tritium is precluded by the Sterling Lake 'measur-_e'-

~

reflects a seasonal change, and sccond that the waters are being

\
'

'cililu‘t_e'd by é. préci_pitation ihput with a.,‘i'-ela..ti_vely i‘apidly decieasiﬁg-

o . Exzmining the possibility of a scasonal change, i.e. a winter.

~-decrease in tritium content, it should be noted first that many of

the waters sampled were still é,over_ed"_with ice and so were cut

off from direct precipitation and exposed to very limited surface ;

run-off. Most of their input, then, A(v'o'ul'd_app'ezlr to be vf‘:'r'vom the

“many uiderground sources in the arca (allegedly of the Jowest

tritium content in the hydrological chyclle). ‘However, this

pos sibiliq‘ can be quickly cl‘imi:nated. ) AILhAough_vxnany of the

6b-19



. a general increase in tritium content'should have been from

i
AN .
-3
: .
.I‘
.I
~
!
[ R
\n-':

" was not observed.

" rain at Albény

waters were covered with ice, at least as many were not, partic--

ularly streams fecding :icc-covered ponds and lakes. Some

: vm‘a.‘y have been ice-free throughout the winter. Also during vthc,_ -

. s'ampling period, a considerable input to the “g“é'neral water systeln

‘was frém‘ precipitation and surface flow. . In fact, the sampling |

- -period included the height of the spfi}ng runoff, as well as the

- initial period of the "spring leak'. If the change were seasonal, .

>

:'AA"sfnal.ll‘evr, ‘more répidly displa'ced bodies of vwat.e"r._‘i This incré'éise )

Another alternative precipitation exhibiting a decreasing =
tritium content fgmains the only "pos-sibiilvi_ty. Measurements of ™

(1)

indicate a 1967 precipitation tr_ititﬁn content

" too -high to effect the cflange, but this does n'o‘1_: negate this p-r'élnise.

: Althqugh the 1965 measurements are :xact, the 1967 figufe_is

-.‘repo_rte'd as "'slightly beloﬁy 500 TU" (£ 1600 vpCi/l), an inaccurate

'résult at best. . The measurerﬁ_cnt of'precipiitation in Sferling

" Forest is of greater value in examining this alternative.

Samples | 3 ‘and 29,” averégeva, (ipdicate that t'he_t‘r'itim;r; rcor;tc‘ni‘
of the pxjécipitation that' .fclilr o'n. Sterling: F..“orc.;t_in. tho rgjccmﬁl“past o
Vwa_s 790 + 10A6 pCi/'].,A: only sli‘ghtl.y m.o;e tha,l;lvhé.lf. of the 1965.'A11;dﬁ$( '
vfigu‘rc. A mathcmatiéél modci'é‘aﬁ .bé"dcviscd with t'his le\-;el_ and '

the re.a:din-gs noted for S;‘.er],i_ng Lake ;(t‘}.xe only oncs availablé_fdf '
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_ By R.H. Rainey of Oak Ridge N.atio‘hal Lalborafcofy .

: '-c‘orr‘l'parisjc.)n). Tﬁc method velnployed was ozjigixlall.y I')re‘s cﬁtéd
: A , . : (17.) :
‘Sev"érva_l assumptions must be »mé.‘de:
.- 'é) input cquéis output
b) ‘é’on.c.:entrafioz‘l 1s ﬁ'nii.'o;'rri fh'roﬁgl;out the Vla.ke;:v
c) Acid'itiéx;x_ or .e_:.limi:na'tio.n of cbn._tamiﬁ;;"c;is cdr}star;’t
, (in this.éés.:e, reAgo-\rétx;y.“is bas_g_d_oifl »a;l.__zez.':o tr:tlum '

* content in the_'input waters).

’ ‘After making _the.se_ as surnptibns, t_he- fbllciw_ing'r_enlationship

- ) | of the_cl;la;ng_e .i'h.th.e cozll.cnen't'i-atéiqn o-f‘ pollutant t('c‘r_itix.u.rx:l_) Iin ’bc_he'-
1a.k§ wi_th.tiﬁvl-é\ (T) wasdevcloped o L =
c, = C§ exp (RT/M) 3
where oo
g C, | is :-time cbrl_l.céntli"a‘.tiv'qh'in ';hé i;ke'
| . Cgls ’f;he coln-cvex?itl“atioxi i‘.n.‘.:‘hc‘ ‘vl.ake‘ a‘tvtime ',I“:

R IS the input (output) rat:

: _' T is;til‘e.lc;:.n.gth of t.inle considered -
V is t‘he .‘vc.)u‘m'e of thé ‘l_akve
Aéplying thé:sg fun;fio_né l'c<_3_S.t:<>;‘rling :Lavk.e; and as‘su_min‘g_,: for
'- pﬁrpoée's' 6f this :cxéréiée, t_hat::‘
a) All itﬁbut' is duc to pre;ipitatibn and st:t.u-f.ac‘:gh_‘r‘un—.off
(sinc.é _ncitl;er tl:le ;rc.)lunichnc.)r thé tl'itiLlr?i content of gi':ound _\ﬁ'étc1' |

-is knvolwn). » o é
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e  ,' : | D b) 784 pCi/l is acc;epted as the level of no contamination.
‘\ o o C2 = sample 1 + safnple'Z = 784

S

= 1190 + 1210 - 784

S 416

€% 1966 séuﬁple 1+ 1966‘é‘am.ple 2 - 784
T 1805 + 1920 - 784 = 1078 pGi/l
: v -‘- (sgrfacé ar"ea'-o‘f the iake) (aireragé dep_th_):” »
21188 x 107 £t2) (50 £) = 5.94 x 108 >
RT: al;ea of Sterling La_,lcé drainage» bas'ih.‘x to:t'_‘al o
| o . f.f_pr'e"cipitat'-ion during period (Sept. -April)
‘ T s e x 108 82 02) o8 g 5) =431 x 108 o8
e s w6 = 038 )
e 1078 ' S S

| ST RT 431 %108 =073
S Vo 5,94 x 108

| | By'z.'_e,fevji:enc.ve to f‘iguré | 5,_ a graplliégl epress.ion fof the
.fgnétiqn, 1t appe‘a:i's tlia.t, ikn‘order t_:d obta.in 2 CZ/CS _‘,__x-‘ati‘o of 0.38,
#n RT/V ratio of 1 is .re;:luix.'ec.l (one volume cbha};ig'e).‘ 'I‘Vhe‘ RT/V |
ratio obtained by our model (0 73) is within a f‘.actor“c)f.. o‘;nebav.ynd a
_ O . ' ) S l’.xa.lf' off.tl'ue..t:lh.c.-:pretic.al‘..va]ue a.nﬂ’tl1el'é'f‘c:1‘e':.it'i§ ijeé.soﬁabic to assumne

" that the decrease in the measured tritium content of Sterling Lake:

C6b-22



A'th‘e prgcii)itatiox1. _ R . e - ~

1.0 .
G,
— .1
-CZ . .
- 0.01 . .
| RT/V. - - :

" FIGURE 5 - Simplified Mathematical Model

. and the probable decrecase in the tlf.itium content of other Sterling

" Forest watérs is due to a rapidly decreasing tritium content in -
is pidly de g

A ' In addition to suppbrtingb the premis¢ that the tfitiu‘rnlczzontént

“of precipitation is decreasing, this erercise displays what may

be .a;::corh};lishled in the field of hydrology with tritium measure-

‘ments. With measurements of tritium content alone, it has been

possible to provide a reasonable est.iriivate of the water displace- -

- ment rate of the lake. With the additioné.l precise measurements

of total rainfall, volume of the iake,‘ ‘area of drainage basin and

tritium content of the precipitation, an approximation of thc_:' con-
tribution to lake volume of precipitation and surface water and

ground water can be made.

|
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ship can be used to evaluate CZ -

5.94 x 108 £t3 - required for onc volume change -
- -4.31 x 108 ft3_ due to precipitation

163 x 108 113 ground watcrArequired Yat the same’
- ~ concentration'' (lower concentratmn ‘
D requlres less volume)

. Since ground water is expected to be lower in tritium content _

o 'tliah precipitation, a smaller volume would be needed and it 'wou.ld
' ..‘bé l.ogica_.l to as su‘r’ne' -that the gr_'eate‘s't volllme of Sterling,L‘ake in-,

put is precipitation a;}d surface run-off.

I, ‘_instoadof.accoptihg 790 pCi/l as th.e‘_le'(/elof no contam-

ination, the real c‘oncentra.tions are appliod, the following relation-

Cz= Cz exp (- RT/V) + [c %Q/RJ [1 er(RT/Vll

' -Ei.w-/herek: Q is the rate at Wh1ch pollutants arc added

31 is the concentration of pollutants added

: Usiﬁg the real concentrations, the' RT/V of 0.73 calculated carlier

o

and disregarding Q/R which is very'sxrlall, the f(ﬁrmul;i becomes:

-Gy = 1862 (.48) + 784 (.52) = 1soz'pcn/1

This valL.e is only 10% Ureatm than the concentratlon a.c:tuall)r

_ﬁieasure«l, ca 1200 pCi/l. Again, it is concluded t‘hat‘th_c declining

tritium content of the lake is due to dilution by pl‘ccipitat.ion which

is the greatest contributor to lake input, the remainder being a

small vol'lume of ground water relatively lower. in tritium content.

- 6b-24



This is not a uniquc position, since it has been estimated that the
ratio of surface run-off to ground water recharge is, or more

(8)

. c;or'reo%:tly -mz.uy be, as hlghas 20/.1:in fhis‘ area . A measure
.éf‘gro.und \,ya.ter”tritium _conéentra#ion will be a basis for»c-orni—j-'
puting grbu;nd water irlxp.ut‘v'oiu_me.. . iCoriVev:_rsel'y, a 'rn.easi;re\mer%’_ch. |
o c;f the vdiunle of'gr.o.u'nd Wa._t.él; inpﬁt wiii lead‘_fc.i a calculéﬁon of :

| 1ts tritiﬁn}'gon.te'ﬁt. .Th'e.s‘e cprnpp.t%x_tions- "\v‘o_u].d haye to be. .ba's_-e'd' .
‘.ci_)n inéreasing h)rdfégqn content (dé_c:eééing trltmm éqntent) 1e
_‘vint_:'i':easi_r;.gv dilution. | In similar <':irc“'umstémces;,' an c°t1rnate of
_thé size of the dr#inage basm ‘cbabx.fx. Be lﬁade frbm trltlum measure-

.-

me-nt‘s:of fhei lglzé and pite-cipifatién,' a ._ovun.t o_f Trair'lf.all and \rélL.J;me :
Cofthelake. T
It is expected,. ‘ofv course, '-ch'a;t the rila’_chemzi.t‘.ical model
‘Ba;v.se.d-on -tofal érégipit;cxtion inp_ut’ 1s hpt. cié'rr-lple';cély a;;;qi'-até
because some of thé ?recipi.tationv,t ,.asv.indica'tbéd; ‘pefco.lja‘t.e;s mto
the gfou11d. | $ﬁ§n‘ie.o_f it -_may actuall.y:flowf through the nletam(._)rplﬁﬁ
rock é.nd leavé the'_'_are.a.ic;f thc forest coﬁélétgly (24)'.. : "i‘he deﬁAcit,
if it does .éxivst, rnay comé from ground water'flox.y‘ing i1-r1to the
" forest. A cvom.penséti'n'g fc.-Lc.tor to consider is that the ram sai‘i.lplcl,' '
- which was éollected ovér the pci-iod 3/7 to 4/12‘., 'ma}; ﬁavé bcgun .

. " B - ‘ i . . C e . .
responding to the spring leak, making the average precipitation

value used higher than that used for :the‘pcvriod-'considcr_cd. In



N

two populations.

any event, it must be assumed that the waters in Sterling Forest

are in equilibrium (input equals output) with a precipitation inpﬁt,
part of which spends an unknown amount of time underground.

A comsideration of ground water and underground stay

time leads to an interesting hypothesis.

_‘Excluding samples 3 and 29 (precipitation) and 30, 31 and

- 38 (.Lanzz.eraboratory effluent), and plotting a histogranﬁ of the >
-20 samples remaining, it appears that the “s;a'rnple‘s were .vnot

' ~randomly svelec“ged from a normal popi\_latibn,' but rather from

In examining the hypothesis that two populations were .

~

Sé,mpied, an identification of the two populations is ;equiréd._‘

" Reference to Table 6 indicates that the largest separation between

10

610 740 870 1000 1120 1260
| . - ' CLASS INTERVAIL (pCi/l) |
- FIGURE 6 - HISTOGRAM OF SAMPLE MEASUREMENT

B
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c.onse-cu.tivc sample measurements occurs between sémpléé (940): "
and garnple 14 ‘('1060)‘.. ulThi.s.‘: sepa‘ratcs two pop’ulatior%s,‘with 15 in -
.the first an‘_d ‘ﬁve‘ %n Athe-‘: second. (FlgUIE‘ 6). | |
_ Utiliz’ipg Siu.dent_.’v.s distribution (19),_ a significant dif.ii:'er‘evncé |
ex1sts b'ct?véen lthe first poi)ulation (xne'an'i-7~50, S. D 116) and tlié §
-"sécond "po'p-u..la-tion;(n'.lezvxinl->113(.);- "S. D. 64)“even at 99%Aconfic.1-e>r'1<.;e::_

>

© A systernatic difference between the two populations might be

. . 'sus'pe'cted. ' Table_ 6 identifies the five samples in the second
s _'.f(higher)‘ population as sample 1 (Sterliﬁg Lake sur‘face‘), _s-a'fr’xpleb 2

- | _(Sterling Lake bottom), sarhplnc 14 (McKeags Mead'ow),_ sample 16

(Little Sterling Lake) and samplc 18‘ (NYU .Av,p"artr'nént tap water)..

These are either-in"Sterling Lake or its drainage basin. This

. seems to6 contradict a general theory that larger lakes havea lower

°

~. tritium content because their longer mean residence time allows

for increased dilution with older ground ivatér M, ,_:When one
' considers, however, that this theory was devecloped when the

~ tritium content of precipitation was increasing, or at least much

-~

higher than surface water, in an enviromment in which the pre-

cipitation is ''cooling', the opposite effect, as mcasured, sccms
logical for the same longer residence time and slower rcaction

 rate.- Sterling Lake, having the largest volume of water of the

sites stuc ic;d, docs not reflect as rapidly as the smaller bodics
_ : ‘ praly

I‘ .
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the dilution effect from the decline in precipitation tritium content

. because of its slower volume change.

Samplg 18, fromian‘ arte;ia.ﬁ wcl], if if :{y.'ere to reflect%he
| trgditié_)né.il;r lo‘\vesf vc.ontent,v shoulci be the lowest ofva'nvy sa;ﬁple :
-__me‘aa'féu.red_ but is, :in‘st’éad, .'o‘n.e éf the ﬂigheét. AHoviyevé'r, és a

:Siﬁg‘le meas l_J.rcmien?;“vi‘n'th‘é light o£ ;ché\pl'epc;ﬁ;dé-rarjce'of:“‘ot}vlrc-:.i" ’. . |
'-.'._'.Arefgi‘en:_c:‘e ground wateli' m‘ea.zs'ﬁrer.ﬁénts,‘ v"it_‘cioés hot‘_é"uggevst;é ‘.

.~ general increase in ground water tritium content. It would scem

| _ »prbﬁtable to examine the underg_roﬁnd residence tixﬁ_c of ground

U~

‘“w‘ater' (&isplacerﬁént rafe) and the volume. of the 'groun"d water in

~

the S:terling Fo.rest ar'eaf The d.be;_pthfo‘f t-hé_ w.ater't'able is not  ~ )
. as g'ré.at in hilly areas .’.:!.S‘it is ir;.levé,l aréas’ and theamount of
ground .water évailablé on hills 1s liﬁited to that “re_a‘.c‘hjiﬁg tﬁe
- sa.tt;lration zone frvom uphill (8) Gr-c',u'n.d water ‘fl"-or;'j.' sm{foﬂmdihg
.hill.s ‘flows into vailey§ an‘d valley lakes. Thus the inpﬁt'.bfll_'
ground -w.é.ter ir‘lt.o.Ste‘r].ing Lal<é fnéy héve had an un_dergrqund resi-
- dé;;lce ti.rno; of only a few ye.ars':.‘ A rapldly i'étating- grox‘i.nd..‘ wz'tt‘cr.
supply could still retain much of i.t.s‘a'c_‘;‘ix_'-ity’('f;i- example - %
for six yea;'s) gut w.ould not rcflec.t-;vtexrty_ quiéklyr. a declrinihigA ‘tritium
' content in prcv.cipit’a.tion.. it 'sthoixi].d bé"luétcd thét the uAn_iquchigh" .' A .

. .

measurement of ground water (1) was f{rom the most shallow wcll |

ey
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Summary
- Union Carbide Corporation has, apparently, little effect on.

.t.h"e' fritif.xm content of the waters .in Sterling Forest; NYU Lanza :

" due to waste water effluent.

: _’ah'd‘ scemed to reflect a high turnover rate.

- In conclﬁsion, the facts and hypotheses developed ’by this"

" survey suggest further valuable hydrological and environmental

transport and hygiene studies can be.conducted through examination

of the tritium content of the waters o'fS.‘terling. Forest.. -

O..'
>

. Environmental Mediéine .L'eibora.to_:fy :_has“"a localized éléVating effect

.

‘The tritium content of the waters in Sterlihg Forest are lower

than predicted from comparable reference measurements except™

for the single ground water sample which was higher.

. AThe:re'is appa;rently_no tri’cium stratification in the waters

in Sterling Forest. T ;'_ SRR

. From these results and various mathematical models, it

seems reasonable to suggest that the tritium content of precipi- )

“tation is delining. Further studics are suggested utilizing tritium

measurements as a method of choice with particular emphasis

directed toward the examination of ground water.
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