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.”QINTRODUCTION
Over 200 OOO metrlc tons of nltrogen and 950 000 metrlc tons

-_of organlc carbon enter waters of the New York Blght each year.g

- -Much of thlS nutrlent and carbon 1nput, together w1th measureable 1*:

'fquantltles of potentlally tox1c materlals, results From dlrect waste_fh~

f d1scharge 1nto the Hudson Rlver Estuary and New York Blght Apex..;f
'-Sc1entlsts and laymen allke are concerned that the addltlonal 1npnts
fof these materlals “have adversely changed the dlver51ty and produc~'-

'thlty of marine llfe 1n these local waters._-Many belleve the re- .

'f'_ductlons of these waste 1nputs W1ll result 1n an 1ncreased rlchness

"and abundance of marlne llfe 1n local coastal waters, but others:f:"

R are not certaln there 1s a large problem

-Purpose and Objectlves'

The purpose of thlS report 1s to summarlze the flndlngs of al;hh

hf'panel 1nqu1ry 1nto the actual effects of nutrlent and carbon from

.hr'waste dlscharges on the abundance,_drversrty and productlon of f*zh B

.himarlne llfe 1n the New York Blght and adjacent marlne and estuarlne
':-waters._ The objectlves of the panel 1nqu1ry ‘were - to.;fn ;f .
'1T in1dent1fy the most serlous ecologlcal problemsrassocrated
'fw1th present nutrlent and carbon 1oad1ng.
‘2)ideterm1ne to.what extent oxygen depletlons are caused by
hthese loadlngs. o B B | |
'“tBI identify Unoertainties that remain.in our assesSment of
heffects and how the uncertalntles mlght be resolved.wg3h
'f:zﬁj_suggest what could be done to allevrate 1dent1fled ecologlcal.

.:problems w1thout cau51ng new or larger problems.



iﬂééééled'd::"'
A i roaCh e '
... To accompllsh our objectlves we revrewed .recent publlshed and
' unpubl1shed data on nutrlent and carbon 1nputs, nutrlent cycllng 'ﬂmﬂ§&
'a'We consrdered a varlety of marlne communltles that mlght be affected
;tbut focused our attentlon on, phytOplankton and marlne benthlc 1n—-hA
-};vertebrate communltles.(benthlc macrofauna) because they are at the
: base of the food web leadlng to harvestable resources such as shell—
.flsh and. flSh Accordlngly, we revrewed data on phytoplankton pro~.
b.ductlon and blomass, factors llmltlng phytoplankton growth dlssolved
'hoxygen levels and year to—year varlatlon'ln oxygen, 3pat1al and
':dftemporal varlatlons 1n benthlc 1nvertebrate densrtles,dand varlatlonsi'
tln dlver51ty and communlty structure of benthlc 1nvertebrates;. We
'-balso focused attentlon on . three general reglons (a) the Hudson Rlver
_Estuary 1ncludrng Upper and Lower New York Bays and Rarltan Bay,a_d

-f(b) the New York Blght Apex area and (c) the New York Blght beyond

o the Apex.. We examlned data from other coastal areas as well

' HSummary-of‘Findings._

Although there 1s con51derable broductlonrof.marlne ilfe in the ;d'
;:New York Blght area, we concluded that the abundance and compos1tlon:ﬁ
“.ejof phytoplankton and benthlc macrofaunal communltles are.not normal
'51n the Lower Hudson Estuary and in’ the Apex area..:More oyer;_near
'othe-bottom in both areas, dlssolved oxygen concentrations-are fre¥.
dquently lower than they should be | We also concluded that.there has
: dbeen a- reductlon 1n the rlchness and abundance of benthlc macrofaunal
;'fcommunltles 1n Rarrtan Bay and that thls reductlon may be caused by
"tox1c chemlcals in water or sedlments.t We recommend that nutrlent
'and carbon 1nputs be reduced commensurate w1th the results of a more

penetratlng study of the Lower Hudson Estuary. However, we also
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Ucautlon that major reductrons of 1nbuts of.carbon and nutrrents.w1lir
"_not completely ellmrnate eplscdes of low dlssolved oxygen because
'such eplsodes can be caused and malntalned by natural mechanlsms
Our analysrs beglns w1th a.revrew of why there is concern aboutfhryf
{nutrlent and carbon 1nputs and what local coastal waters mlght be .
- 11ke in the absence of the 1nputs 1ntroduced by waste dlscharges“:
_(BACKGROUND) Next we summarlze Sp@lelcally what is knOWn about
N the magnltude and fate of recent 1nputs, together wrth a reglon~by—
T;ireglon account of the known or suspected erfects of these 1nputs on.
'*-:phytoplankton,_dlssolved oxygen,iand benthlc communltles Flnally,'t
twe return to the orlglnal questlons and offer our answers; uncer—'f.

'.talntles, and recommendatlons.n

. BACKGROUND

rr:Causeufor Concern S
. Inputs of nutrlents and.carbon from 1and are 1mportant in
a:marntalnlng rlch and productlve coastal nlant and anlmal communltles.
”However, exce551ve 1nputs, such as from sewage or urban runoff § |
:'”could cause blologlcal changes that eventually result 1n changes.ln
Vthe abundance and varlety of marlne shellflsh and flsh populatlons.trwh
.'ThlS can ‘be especrally true in areas of poor c1rcu1atlon where oxygen Y
_can be depleted by excess1ve planktonlc growth. There are. three
_water types off New Eork and New Jersey {e g., the New York Blght),
't(l) offshore areas of strong 01rculatlon where overall blologlcal |
.fproductlon is. low and controlled by the ocean, . (2)Jshallow.1nshoret"'
”__areas of varlable 01rculatlon (e o the Apex) where overall pro—.

duction should be somewhat higher and partlally under the 1nfluence



eof'haturalhinputs:(suchiasfriyers), aud-(3) estuarlne areas (Rar—
"_1tan Bay——Hudson Rlver} where productlon should be hlgh and controlled_.?
-malnly by nutrlent 1nputs from rlvers and runoff N ._. :
| Wlthln these three types of coastal waters,_dlverse.phytoplanktonﬂit;
fhfcommunltles; domlnated 1n the sprlng by dlatoms and 1n the summer by
chlorophyles should form the bases of the food web : The benthos
'should be abundant (thousands per m ) and 1nc1ude a varlety of mol—
.luscs, polychaetes, crustaceans and echlnoderms, many of whlch should
:hserve as food for several abundant spec1es of bottomflsh and shell— -
'hflsh In addltlon, anadromous flshes such as shad and strlped bass15~'wh
fh;should make annual,_generally unlmpeded mlgratlons through the area

fand 1nto the rlver systems.

j‘fFactors leltlng Phytoplankton Productlony_h
| In coastal marlne waters, phytoplankton product1v1ty.(1 e:, prle:hhh
Ihdmary.product1v1ty) is. usually llmlted by nltrogen but rarely by i
..fother nutrlents such as phosphorus (Ryther and Dunstan, 1971)

'TTherefore,.lncreased nltrogen 1nputs could stlmulate the growth of

'c.phytoplankton.z In srtuatlons where nltrogen loadlng 1s extremely

Vhlhlgh mas51ve phytoplankton blooms could result.d Durlng such a’.

| fybloom, oxygen would be consumed by.all llVlng organlsms assoc1ated
].w1th the bloom and by decay of thelr excretory products Fol]ow1ng..

the bloom, the plankton blomass would die and undergo microbial de~
5composrtlon creatlng an even greater demand on the dlssolved oxygen_;

:_ﬁsupply. Flnally"a portlon of the phytoplankton blomass would even—fd'.

3ftually tall tc the sea bottom and prov1de extra nutrltlon for growthhg

of benthlc organlsms or, in extreme 31tuatlons, completely exhaust



j:bottom water oxygen and thus reduce the abundance and dlver31ty of
.'benthlc organlsms 1nclud1ng flSh and shellflsh.
Nutrlents other than nltrogen may become llmltlng to certaln

:-condltlons. For example, 51llca 1s requlred for the growth of dlatomsf_”

-;whlch are con51dered a 51gn1f1cant llnk ln marlne food webs and

almportant to commercral flsherles (Ryther, 1969 Lasker; 1978 and
Lasker et al 1975) If nltrogen 1nputs exceed avallable smllca
-1nputs, 51llca llmlts the growth of dlatoms and allows the growth of
::other phytoplankters not requlrlng 51llca (Ryther and Offlcer,_ln.
f';press) ' In such a 51tuatlon, the anlmals that use dlatom—based food.
fchalns.lsuch as clams) could become food llmlted relatlve to those:hﬁif
.hthat do not (Ryther.and Offlcer, ln press) | ‘ |
Other factors can llmlt prlmary productlon 1n.coastal Waters,.'
?fThese 1nclude 1nert or.11v1ng suspended SOlldS whlch scatter and ;l,
"fabsorb the llght requlred for photosynthesrs and unusual concentra"pgﬂhf

?ftlons of spe01f1c tox1cants :0r. . trace elements (McLaughlln et al.,

1:1977- Kleppel '1979 Dunstan,_l975 McIsaac et al., 1979) Runoff'io

"-and wastewaters contrlbute to the susPended SOlldS load and could

g :llm1t phytoplankton productlon.= Self—shadlng by phytoplankton them—uu_rl
fselves can 11m1t product1v1ty._ Tox1c materlals can act dlrectly on :
s:phytoplankton to decrease productlon (O Connors et al 1978) Flnally,-
' Dunstan (1975) pr0posed that certaln mlnerals requlred by phyto—'

plankton (e g 1ron) can . occur in low or fluctuatlng concentratlons_

V_ﬁwhlch when macronutrlents are avallable at saturatlng concentratlons

'fwjmay themselves become llnltlng factors (Dunstan, 1975).

s Because of varlatlon in runoff natural nutrlent 1nput and]~'

”occa51onal and unusual_wrnd conditions which bring to the surface



o Page5 D

’dcold water contalnlng low oxygen and hlgh nutrlent concentratlons,'l
3we would normally expect to see occasronal eplsodes of local plankton

.L'blooms and reduced levels of dlssolved oxvgen in shallow 1nshore gfﬁ

’l,fwaters _“m'

5_Factors leltlng the Benthos

Bottom llfe can also be altered by both nutrlent and carbon
lrnputs.:-Raymont—(l949) and Gross (1949) experlmentally enrlched
' dScottlsh ‘sea lochs w1th 1norganlc fertlllzers and over ‘a perlod of
lr32 3 years observed a doubllng of benthlc preductlon and accompanylng
ilncreases 1n the.growth rates of bottomfeedlng flsh Fleld experml'};f'l
.lments addlng processed sewage sludge to subtldal benthlc poPulatrons
.:resulted in 1ncreased blomass and densrtles of certaln benthlc sPec1es;.

.V}:(Young and Young,;1978) In areas affected by sewage outfalls 1n "l.~

""ﬂCallfornla,rlt was denonstrated that growth rates of a benthlc feedlngf’

o flatflsh were greater than rn control areas (Mearns and Harrls, 1974}

”lPotentlal Effects of Sewage:'

e Sewage contalns nltrogen and other nutrlents 1n forms essentlal
"to many klnds of phytoplankton It also contalns carhon 1n forms
Whlch can undergo decay by marlne mlcroorganlsms; Thus, 1n the ab-.sll'
.ﬁsence:of_tOXLC materlals,'certaln amounts of sewage dlscharged 1nto.
'coastal waters,serue to.stimulate prlmary productlon and the growth
_of benthlc populatlons, lncludlng flSh However, large scale ﬁu¥_d

'illtrlent loadlng may under certaln condltlons lead to oxygen depletlon i

hf’and mortallty of benthlc organlsms lncludlng flsh and shellflsh

fSemrenclosed and poorly flushed areas such as estuarles are espec1ally

sensitive tO_thlS sort of deterloratlon.



: 'Se.wage: and Other wastev&a’tets' 'a]_'s:c'ﬁE -:c-oh.tei.r.l.pote:r.lti.e]._lyr tox1c
'__materlals such as trace metals, synthetlc hydrocarbons and petroleumg
ehydrocarbons._ Thus,_the full productlon expected frcm nutrlent and
']:carbon 1nputs mlght 1n fact be 1nh1b1ted by tox1c materlals. s

Our analy51s of each area; descrlbed below,:requlred us to

ftake all these factors 1nto con51deratlony



' 'SITUATION IN THE NEW YORK BIGHT AND ADJACENT WATERS &

;Inputs of Nutrlents and Carbon

f Each year aters of the New York Blght recelve nearly 9

'a_:mllllon m tons (metrlc tons) of suspended sollds, ‘one mllllon

;m tons of organlc carbon, 200 thousand m tons of nltrogen and f”

-.50 thousand tons of phosphorus from the adjacent coastllne and

”Qhuman populatlon of New York at New Jersey (Mueller et al., 1976

cand Tables l and 2) Recycllng, advectlon, upwelllng and m1x1ng

,also add to the nutrlent loadlng and malntenance of . nutrlent

'};cycllng 1n the Blght (Walsh et al., 1978)

Of the land based sources,_barge dumplng and atmospherlc N
';fallout are the largest dlrect ‘sources to the Apex of suspended R
- SOllds and total phosphorus (689 and 51 respectlvely) but the'

j;xHudson Rlver Estuary (Hudson Rlver New York Harbor waters) repre—'3~

'*5Qsents the largest source’ of total organlc carbon, total n1trogen_7hi

hl(lncludlng ammonla,'nltrate and nltrlte) and isa; competltlve S
source of phosphorus (Table l) Inputs from the New Jersey |
dcoastllne south of Sandy Hook and from the south coast of Long
;,pIsland are relatlvely tr1v1al except for nltrate and nltrlte-:'
.dfnltrogen (Table l) | | - |

In terms of types.of.sources; harglng is the domlnant dlrect
~1nput 1nto the Blght of suspended sollds, total organlc carbon,_

ammonla nltrogen and phosphorus whlle aerlal fallout is a com- -

Q_:petltlve dlrect source of total nltrogen and the domlnant dlrect

”thource of nltrate and nltrlte nltrogen (Table 2) From the coast—
_llne 1tself runoff (urban and rural) 1s the largest source of
._suspended solids and nltrate and nitrite nltrogen, and is a

conpetltlve source with wastewater of total organlc oarbon (Table 2}).



rWastewaters, on the other hand, are.the domlnant coastal sources
lof total and ammonla nltrogen and total phosphorus (compare .
percentages in Table 2) Wlthln the wastewater category, 1ndustr1al
'ﬁ;pjsources of nutrlents and carbon are teral compared to mun1c1pal o
rtwastewaters_(Table 2) : As noted above, the Hudson Rlver Estuarym
is the domlnant geographlcal nutrlent source and we conclude
lrlt receives most of the llquld waste water generated by the urban -
“}populatlon of 16 mllllon (Mueller et_al., 1976) F The Hudson Rlverr

.5ilS also a large source of 51llca, the 40 to 340 m tons per day

ff;varles w1th rlver flow and lncludes a small amount (20 m tons per-fp;j:d

day or 6 to 50%) of sewage—orlgln srllca (McLaughlln et al | n'”

;-press).

" The Hudson River ','Estu'arz '__

'IPhytoplanKton and Red Tldes.- Most authors agree that only small

anamounts of the nutrlents enterlng the estuary are actually used
hln prlmary productlon w1th1n the Estuary (Gars1de et al.,:1976,_t_f
h';ﬂIngram, 1979 and McLaughlln et al.,_ln press) and that less than
5110 percent of the nltrogen 15 used 1n phytOplankton productlon.;
'i“There are a number of reasons for thls.& Flrst, 1t appears that
":the remalnlng 90 or more of the nltrogen passes out 1nto the Apex,
'5or 1nto the sediments of the Hudson Rlver Rarltan Bas1n (Gar51de
1et al 1976) Concentratlons of nltrogen in: estuarlne.waters_3
'ivary seasonally and lnversely w1th rlver flow | .
o The hlgh perlodlc flow of the Hudson Rlver (range 60 to"
1700 m3 séc*la also appears to wash plankton blomass from ‘the

estuary faster than it is produced {(Malone, 1977 and Kleppel, 1979).



:}Laboratory tests (Kleppel.?l§7§ éamuels, 1979 Mchaughlinfegﬁall;.
1977 and McLaughlln et al., in press) i - IR
'“also 1nd1cate that dlatom productron become perlodlcally.llmlted
'by low concentratlons of 5111ca and "mlcronutrlents" (Vltamln Blz,:ﬁr
:'jtrace metals); These.observatlons support the hypothesrs of Dunstanio.
:3f(l975) that 1n cases of nacronutrlent (1 e., nltrogen) saturatlon,
'tmlcronutrlents (1 e.,'51llca) ‘may llmlt phytoplankton growth _
EplSOdlC bloons (1 e., 100 000 cells/ml) of several “red tlde“
"ffflagellates have occurred ln New Jersey and Lower New York Bay |
ﬁ.fnearshore waters.51nce the.early 1960 s.j Although the factors l;ii.il
ifcau51ng these are stlll poorly understood laboratory lnvestlgatlons:

"'(Mahoney and McLaughlln, 1977) suggest that urea and 1ntrate (from L

-sewage effluents and rlver runoff respectlvely) may be the prewfx

:¥fffered nltrogen forms of the major New Jersey red tlde algae and that"”"

“':jocertaln strongly chelated metals (from lndustrlal effluents in the

:fltRarltan BaY.area) 1nf1uence 1n1t1atlon of the blooms (Mahoney and

_MCLaughlin,:'977) :.Thls 1s unusual 31nce 1t has been prevrously
'Vthought that all algae prefer ammonla over urea or nltrate as a-'

i nltrogen source Relatlvely llttle 1s known about the red tldes

:*Tfln New Jersey, yet the economlc losses (beach closrngs) 1ncurred by R

.:'these blooms suggests the need for more data



'Dlssolved Oxygen _ As prev1ously noted wastewaters and runoff are S

_.fboth 1mportant sources of carbon to the Estuary...The contrlbutlon.
:pof carbon from these sources and from phytoplankton productlon to'
nthe benthlc env1ronment are poorly understood In elther case,;

"flow dlssolved oxygen levels (lO percent saturatlon) are common 1n:li

lt_many parts of the Estuary, presumably from the hlgh carbon 1oad1ngl
i(SUSZkOWSkl, 1973) . The dlssolved oxygen levels are clearly too

'r,low to support dlverse populatlons of flsq and shell flSh..

| The Benthos. Benthlc populatlons 1n thlS ﬁstuary should be abundant i
'l(thousands per m ) and moderately dlverse i HoweVer, a recent study
| of Rarltan Bay (Mlchael 1979 McGrath and Mlchael 1979) found |
-f.abnormally low den51t1es and number of specres of benthlc macrofauna;l;
pAs-recently.as 1957 Dean (1975) showed that a specres of Ampellsca,
_n;an amphrood was a. domlnant member of the benthlc communlty in
.fﬁRarltan~Bay (sampled 1n den51t1es of up to 13 OOO 1nd1v1duals/m2;ghu“.
.f'and present at 125 out of 193 statlons) 2 In contrast McGrath and
ijlchael (1979) collected only 1 lnd1v1dual of thlS genus 1n samplesi
f:from 88 statlons 16 years later.. Total abundances of . all macro—- o
*ibenthlc spec1es averaged less than lOO 1n 1973 a notlceable decrease;;f

'V_from those recorded by Dean (1975) ' Thus, there-have been some

o -relatlvely recent and dramatlc changes in the abundance and dlver51ty

'of the benthos in Rarltan Bay-'-

Thls unexpected benthlc condltron merlts spe01al attentlon.:clheu“

':_}sllty sedlments of Rarltan Bay and New York Harbor are a 51nk for:ff"
f'rlver—born sollds, organlc materlals, and varlous a55001ated con—"

'tamlnants. The sedlment content of approxlmately 5% organlc matter



e

'.1n Rarltan Bay is comparable to sewage enrlched areas in southern'
'Callfornla (Word and Mearns, 1979) and the Baltlc Sea (Anger, 1975)

' whlch support benthlc densrtles two orders of magnltude greater than-':

Tithose observed 1n New York Harbor
ngh levels of heavy metal contamlnants 1n sedlments have beenfs
:.reported adjacent to sewage outfalls in: Callfornla, but benthlc :”

_den51t1es in these affected reglons reach 21 000 lnd1v1duals/m'-_r-

four tlmes hlgher than background In contrast; Sandy Hook Bay has
t'slgnlflcantly lower metal concentratlons and these are assocrated
fcfw1th lower densrtles (100 1nd1V1duals/m2 of benthlc rnfauna
_1a(McGrath 1974) : The mlnor dlfferences between sedlment types and.
:habltats 1n the Hudson Rarltan Estuary and southern Callfornla do
'fenot explaln the drastlc dlfferences in benthlc 1nvertebrate den51t1es.-h
| Mlchael (1979) noted that the patterns of dlstrlbutlon | |
'birand abundance of macrobenthos 1n Rarltan Bay are related to hydro—-:Ti o
hcarbon contamlnants, whlle McDonough (1976) concluded the low dens1t1esﬁh
'.hof macrobenthlc organlsms were related to hlgh heavy metal levels" |
'h_{even though these levels are lower than yet hlgher levels at thej f}b
t:southern Callfornla 51tes).f.The re51dence tlme of such contamlnantsﬁf
in.sedlments 1s a fnnctlon of both physrcal dlspersal processes and.5'
bloturbatlon act1v1t1es (1 e., blologlcal reworklng of sedlments)
An example of effects from phys1cal dlspersal processes may be seenf
in a comparlson of lower New York Bay w1th the Ambrose Channel .Inz
. the Channel, there are low concentratlons of organlcs and a dense.
':benthlc populatlon, domlnated by haustorlld amphlpods, the converse:

is characterlstlc of lower New York Bay (McGrath unpubllshed data)



'::_It is probable that benthlc productlon, partlcularly of
:_suspen51on feeders, is partly dependent on net phytoplankton produc— -
_:tlon, and that the nann0plankton Wthh domlnate the lower estuary 1n;.:

:3summer are not utlllzed as food _ Although further 1nvestlgatlon 1s

'lﬁ_requlred to determlne whether or not thls pOSSlblllty 1s supportable,_]fu

'3ult appears that macrofaunal abundance and dlver51ty 1n Rarltan Bay h:
'.1s not llmlted by carbon or nltrogen 1nputs
'Summary. In summary, the Hudson Rlver Estuary dlrectly recelves

"rnputs of nltrogen and carbon from sewaae and runoff However,

1_[because of the rapld flow,'only a small fractlon of the nltrogen

:jln ass1m11ated by phytoplankton ' Nevertheless, nltrogen 1s not
'ﬂllmltlng productlon, other factors such as reduced llght and mlcro—_:-v
'nutrlents may be'llmltlng. The causes of red tlde blooms 1n lower

_hbay or Jersey coast are not Well understood and need to be 1nves-

'-ff:Ttlgated. Dlssolved oxygen 1n estuary 1s low, agaln the speclflci'e

'cmontrlbutlon from sewage—orlgln carbon is- uncertaln, but excess

'”rcarbon-whether from Sewage or plankton, 15 a llkely cause~of thet.
yydepress1on ) The benthos 1s poorly studled except in. Rarltan Bay,
_ywhere a large area of the bottom ln 1974 contalned a fauna W1th
.E?both low dlver51ty and low abundance .Slnce N and C (organlc |
'Hﬁmatter) ls not llmltlng overall productlon, we speculate that elther
'ulow total oxygen or the presence of tox1c materlals 1s llmltlng

benthlc dlver51ty and-abundance._
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The Apex - -

'Inputs and'Recycling. -As'noted aboVe; river runoff wastewaters and

adlrect sludge dumplng are major sources of carbon and nltrogen and
v-fother nutrlents 1nto Apex:waters of the New York Blght.. Unllke the.fou
'dfestuary, however, coastal and oceanlc processes contrlbute to 1nputsf}=
3tand modlfy concentratlons.:'.' | | .
Although oceanographlc 1nputs of nltrogen by advectlon and..

'*hdlffu51on are generally belleved to be small Walsh et al._(1978)

?e'have suggested varlatlons 1n storm frequen01es and upwelllng f;

zta;may be 1mportant in dellverlng deep water nltrogen to locallzed.
hfareas_n°" : S i S R :

In the Summer, a thermocllne develops that effectlvely separ~ -

7dates the upper (20 m) mlxed layer from bottom waters. Thus, durlng R

f-thls perlod wastewaters and estuarlne 1nputs became extremely

flmportant 1n contrlbutlng nltrogen and carbon to upper waters whlle-f .

";sludge (on the bottom) becomes a less 1mportant source of nutrlents,.'”
"As a result malnly of estuarlne 1nput dlssolved nltrogen concen—-f'
.'tratlons of Apex waters are hlgher than 1n adjacent coastal areas

'iat equlvalent depths (Malone, 1979) '

:f_rPhytOPlankton Most of the nltrogen dlscharged from the Estuary 1s:'”

d:-assrmllated by phytoplankton in the Apey and 70 to 80% 1s used
_:w1th1n 20 km of the Hudson Rlver mouth (Malone, 1979) '.Malone
'(19795 also estlmated that the area requlred to assrmllate the dls-
ﬁjéolved 1norganlc nltrogen 1nput (ammonla, nltrate and nltrlte) .

»fjwaried.seasonally from 670 km2 o 1350 ka} i. e.:54 to over 100%

of 1250 59 km area of the Apex.



Although it would appear that phytOplankton productlon in the:".
pApex mlght be nltrogen llmlted Malone (1977) con51dered llght an
.hlmportant llmltlng factor whlle McLaughlln et al (1n press) and |

”51Malone and Gar51de (1980) consrder s1llca possrbly llmltlng 1n:;gil’fw:
'fsome seasons In fact regeneratlon and recycllng of nltrogen frdn;

.subsurrace waters for use in the euphotlc zone are probably the'

most 1mportant processes malntalnlng phytoplankton productlon w1th—g

- in the Apex (Malone,_l979)

-_Dlssolved Ongen _ The Apex has suffered severalfepisodes”quﬁearlva.

ﬁ_faneroblc water but also experlences 1essiséve£é'aepressioﬁsfaiﬁoéft;f”'
',yearly.?_ln terms of_blolog;calzeffects,-mldsunmerlls a crltlcal
r_period._.As noted-above,:the'thernocline fat apprOX1mately 20 m)
:fhreduces m1x1ng between the surface mlxed layer and bottom water
.;ccreatlng an 1solated bottom water pool . Phytoplankton grow rap1dly,-
'7.iﬁ the surface mlxed layer and may concentrate at the thermocllne.f?-hff
'th the average,_dlssolved oxygen levels in: the bottom water drop toi:
UQS percent or less of saturatlon (2 ml/l (Malone, 1979), comparedh.
.to an average depress1on of 509--90g saturatlon 1n apparently unafu |
.f;fected bottom waters south of the Apex (Sharp, 1979) ; Although
fpthese are average condltlons, there 1s a good deal of year to—yearlallx
varlatlon. For-example,-durlng July 1976 a regron—wrde anoxrc_
eplsode was trlggered by unusual w1nd condltlons and a bloom of

'fCeratlum trlpOS (Walsh et al 1978) Dlssolved oxygen concentra—"j-

"tlons dropped to below lO percent saturatlon over much of the coastal
:*shelf south of the Apex (Sharp, 1976 Walsh et al 1979 Atwood et al
1979) In contrast, COHdlthHS in 1978 generally produced only |

. very slight dissolved ongen depressions (i.e. B80-90% saturation)



'-r"dlssolved oxygen depre551ons.- Depre351ons to 50% O

..”Trf?aééjlﬁhhﬂ;i? fth;;ii

-=dve:'mcst'of'£he-éhélfirsharp;*1979)
Desplte a number of comprehen51ve surveys, there is Stlll no .

B agreement concernlng the degree to whlch wastewaters contrlbute to

2_saturat:Lon arefaiﬁ
Fnaturally occurrlng and to be expected However, the addltlonal
depre551on.(to:25 or less saturatlon) Wthh now occur frequently
'kin.Apex.bottom Waterslls-‘generally agreed-to be.unusual and probfh
i_ably (through 1ncreased prlmary productlon) due to the excess'

_nltrogen 1nput from wastewaters 1n the estuarlne areas rather thani-}
'ito the oxygen demand from sludge and dredge wastes (Segar and hhf

'"f'Berbarlan,-1976).“ However,_lt may be argued that the subsurface:

"oxygen demand from organlc carbon 1n solld wastes 1s mltlgated by

r.excess daytlme oxygen productlon from PhYtOPlankton,'and that 1f S

8 estuarlne and wastewater nltrogen 1nputs were reduced thls mltl—"

' “‘ﬂ,gatlon would cease and dlssolved oxygen depre551ons above the

'3;5dump51tes would become more apparent._'

:ZThe Benthos.. The condltlon of the benthos in the New York Blght

'thpex 1s markedly dlfferent from that 1n the Estuary As a result-

':'fof dlrect dumplng, sedlment organlc carbon concentratlons are hlgheri:.

:{at the Apex dump51tes than 1n adjacent areas at comparable depth

| h(Pearce et al.; 1979) Benthlc populatlon den51t1es were an average
Of.at-least two orders ofnmagn;tude greater than rn the Estuaryn |
“_(Pearce et al., 1979)?..chevef;ﬂthere is a noticeable'absence-or"
'h:decrease in. the abundance of amphlpods 1n both areas (Pearce, 1972°!kpf
.thcGrath ‘1974) as also 13 the case ln sedlments surroundlng one.:

o particular southern_Callfornla sewage.outfall (Word et al.; 1977);



3:y;ﬂﬂca11forn1a (Word and Mearns, 1979)

hE:the two 1ocatlons are not dlrectly comparable thelr relatlve 51zes

'Ampeliscid am?hiPOds'are thoughtfto:bedsensitiye'indicators-of”
IChronlc Pe':rochemlcal pollutlon (Blur"ler et al., 1970) There is

e'also an absence of echlnoderms as 1n a 81m11ar area of the coast om.

The 1mpact of sludge dumplng 1n the.Apex centers.around the..
ieastern end of the dlsposal 51te. The most depauperate portlon of;r”..
the dump51te occuples an area of 10 -15 km2 whlle the enhanced (1n:iré?ﬂ
; terms of abundance) tran51t10nal areas occupy 240 km2 (Boesch, 1979)
e'The areas of 1mpact compare favorably w1th an equlVaient 51zed p01nt

“fgfsource dlscharge ln southern Callfornla (Bascom et al., 1979) : Whlle”_d

'ltand s1m11ar1t1es and dlfferences 1n faunal comp051tlon suggest a needff
“r to more thoughtfully compare outfall and dump51tes 1n varlous coastal}

,3adareas around the Unlted States (Mearns and Word 1979)

.vJJlWaters Beyond the Apex:;:-'bvﬁ
| Studles at coastal s1tes dlstant from the Apex and Rarltani;iédﬁﬁ:
:_Hudson Rlver Estuary 1nd1cate that prlmary productlon is: nltrogen 7:¥'
'fllmlted (Sharp, 1979) Varlatlons 1n drssolved oxygen concentratlonsﬁ'
'biare con81stent w1th expected phy51cal oceanographlc Varlatlons
:fy(Sharp, 1979, Walsh 1979) At present areas south of eastern.fdﬁ
1:Long Island and off southern New Jersey are not measurably affected
:by nutrlent and carbon rnputs from New York - New Jersey Metropolltan_
-'areas.. 'The 1mportant questlon 15 whether or not dlstant waters |
'_;w1ll be affected 1n the future.. If the relatlonshlps between pra-i.:f.
Ttimary productlon, dlSSOlVed oxygen depressron and Waste 1nputs are":x
'llnear, then sllght changes in nutrlent 1nputs w1ll produce llttle".

change offshore. However, it is more likely that they are not llnear_



1(perhaps'éeometric:cr.eprnentiel Mearns and Word 1n press), that .
is,a sllght 1ncrease 1n nltrogen lnput could trlgger a much larger

.1ncrease in productlon (Segar and Berbarlan, 1976)-' Uncertalntles ex

"*t”eXlSt and they are due to our Stlll 1nadeauate understandlng of |

ﬁflnteractlons between recycllng and regeneratlon of nutrlents, up—'3t: '
-{welllng of nutrlents,'lnputs from runoff and wastewaters, and
varlatlons in phy51cal oceanographlc condltlons._

Time dld not permlt a revlew cf benthlc macrofaunal data in. _f 

3waters dlstant from the Apex _'It is- clear from studles near the:'{=n.

'dﬂApex however, that true- control" or “background“ condltlons for

:”benthlc macrofauna are not reached at the edge of Apex study areas;d_”“'

(Pearce et al., 1979)
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- CONCLUSIONS ‘AND RECOMMENDATIONS &= =

‘In the judgment of thls panel the most serlous ecologlcal o

ﬂconsequences of nutrlent and carbon loadlng are the effects on';t”'

f}fdlssolved oxygen;:eSPec1ally in’ the Lower Hudson Estuary and, w1thf__
.ddue credlt to our uncertalntles,'ln the Apex area.. Wlth respect
.yto the benthos; the most serlous problem appears to e in, the:dgh’.”“d
hRarltan Bay Lower Estuary reglon beoause potentlal productlon 1s'
:not belng reallzed (as it 'is 'in the Apex) We also wonder what
'3macrofaunal den51t1es are llke elsewhere ln the Hudson River—hn'H

'-Estuary._ The apparent suppress1on 1n the dens1t1es of benthlc__;"

'-:fforganlsms 1n organlcally rlch sedlments of Rarltan Bay 1nd1cates that,-:

l.,,unless bottom water dlssolved oxygen levels are nearly zero, nltrogenk.

'or carbon 1nputs are not 11m1t1ng thelr abundance, but toxlcant(s)
'_mlght be. We suggest that BOD HZS' and heavy metals are less llkely

'[1cand1dates for thlS contamlnant materlal than chlorlnated hydrocarbons,

'iurpetrochemlcals, or some other as yet unldentlfled anthropogenlc }ﬁrgfbf

'3mater1al.

Bottom water dlssolved.oxygen.levels also need to be examlned

= more thoroughly.. The occurrence of low dlssolved oxygen levels

:hlln the Lower Hudson Estuary is probably caused by local carbon .
.loadlng-, Out51de the Estuary 1n the Apex and ad]acent coastal shelfidh
"waters, 1ow dlssolved oxygen eplsodes are exaggerated by nutrlent

B 1nput prlmarlly from Estuarlne (wastewater dlscharge) sources, but
hthere lS Stlll uncertalnty about the actual contrlbutlon and year tof_;

3lfyear varlatlons.l The low dlssolved oxygen eplsodes of the coastal

ﬁs.shelf waters are, however, not 1n1t1ated by these 1nputs but by

oceanographlc and meteorologlcal condltlons.



Uncertalntles in present knowledge are 1nd1cated 1n foreg01ng

tdlscuss10ns._ The most 1mportant ones are, related to the lack of

gquantltatlve knowledge about the specrflc contrlbutlon of waste-t
f;water nltrogen to blostlmulatory condltlons (especrally 1n the |
i Summer) 1n the Apex,:uncertalntles about where the edge of "n

:.effect" is ‘on Apex benthlc macrofaunal communltles, the contrl—

_ rbutlon of sewage—borne nltrogen to these communltles,'and uncer—-:
'fltalntles about the role of toxrcants and mlcronutrlents (such as
':f51llca,_trace elements and v1tamlns) in. llmltlng prlmary and
:fsecondary productlon in Rarltan Bay and the condltlon of benthlclﬁ€.¥;7:
:5commun1t1es elsewhere 1n the Hudson Rlver Estuary |
S At thlS stage, we.. conclude the folIOW1ng-
-:j:‘il hControl of nltrogen 1nputs from wastewaters w1ll help reduce n;hf.:

'Ufthe problem of low dlssolved'oxygen 1n the Apex area but zero

f_;dlscharge w1ll not ellmlnate them, they w111 occur 1n the
.:;future due to natuarl causes (but may not be as severe)
1i)thnless source control can be made so effectlve that nltrogenhf
'.-fbecomes a llmltlng factor (1 e., removal of more than 90 percentz.:
ﬁdsupplled to the estuary), managers w1ll have llttle control overl;ﬁ
fjprlmary productlon and spec1es composrtlon ln the estuary .
’3and Apex Control of a. varlety of potentlally llmltlng nu-
trlents may be useful but addltlonal goal orlented research
_-1s:needed to better-quantrtatlvely_deflne“howethese nutrrents"
.'b;vary and are used P | | S o
:f:;dlreThe most crltlcal area for the benthos is- 1n.Rar1tan Bayéh;“if
'Hudson Estuary rather than at'the offshore-dump81te because

benthic production is apparently limited by some unknown factor
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in the Bay other than organlc carbon Benthlc productlon is

: probably not llmlted by sedlment—bound metals or H S “but rathera

27
__by some as yet unldentlfled anthropogenlc materlal.- A manage-*

lf?;ment strategy spe01f1c to thls part of the ecosystem w11l be'fu
llh_requlred 1f benthlc product1V1ty 1s to be 1mproved Benthlc.plzsl
env1ronments 1n other parts of the Hudson Rlver should be lf
'rexam%nedi- ) |
'4)_'More~understanding-of seasonal ana year—to—year variatlons'is"
| lh;necessary,_management strategles should not rely on mean.con;'hu'”'
:ldltlons For example,:nltrogenrlnputs need to be controlled
fffmore durlng the summer (when excess nltrogen 1s contrlbutlng
v fto phytoplankton blooms) than durlng the w1nter.-:-

It should now be obv1ous that the factors 11m1t1ng blologlcal

:'.l_productlon and sPec1es composrtlon in the New Xork Blght and adjacent

: l:_waters are complex enough to merlt cautlon 1n 1mp11ment1ng any

lhtpmanagement plan._ Certalnly reductlons ln waste lnputs w1ll help

- 1mprove the quallty and blologlcal dlver51ty of local Waters, but we |

"l_fare unable at thlS tlme to forecast exactly what Wlll change and

7,”where 1t w1ll happen.; hlS should be the sPe01f1c goal of a.

'”:g'renewed attack on the problem.
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_ Table l. Mass eliSSlOnS of suspended sollds, carbon nltrogen and phosphorus 1nto the"””_y,._
“the New York Blght and adjacent waters’ summarlzed by - locatlon of: input. Dlrect*yﬁ’Tt
lncludes barge dumplng and aerlal fallout. After Mueller et al., 1976 RN

"ffVTotal Massjftl i:la-; Percent Contrlbutlon bylLooatlon
cdmput, oo na_j- - '_.,"~~"m=w Coastal oo
“‘thousands metric . - - “Hudson .~ New - ._Qong. i
'_tons/year'-~f;:fﬁ o Dlrect " 'NY Harbor .- Jersey ~Island’

Suspended solids _”xlﬂ;ff8;750-“~ioff.fl3?,.f;-}68e;ffl?;f31'f 06 0.1

Total'Organic.CarbOhef[.': 949';:a: o:qlfﬂosxt_l37lfﬁlflsﬂSS'ﬁ] _a-"fé;bj;ﬂrnu”

o

LI B
OO O

Ammouia”ﬁltrogen G T 28 e 3,
Nitrate and Nltrlﬁefg'jn,f44-*'-3?.3_1.“jﬁ_fﬂ'3353f;:” 55 o0 10,
Nltrogen i R B T AR

Total Phosphorus oo s00 ji-,:’ffi,[l-iél u: _:f.45“. -lo'lﬁ2;09fuiaou210f e




.Table 2. Mass emm1551ons of suspended SOlldS, carbon nltrogen and phosphorus lnto the:‘:;
. "New York. Bight"- and adjacent waters. After Mueller et al., 1976 ' :
Summarlzed by type of 1nput LT : _

Percent Contrlbutlon by Source

Coastal

Total
. Mass- Input AR - oo LTy
-_thousands metrlc _ Barge i Atmosphere -,ULMuni01pal Industrlal." ‘Runcff
tons/Year e : ST - TR
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