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Explanatory Note

The series, Special Scientific Reports, embodies results of
investigations, usually of restricted scope, intended to aid or
direct management or wbilization practices and as guides for ad-
ministrative or legislative action. It is issued in 1limited
quantities for the official use of Federal, State or cooperating
agencies and in processed form for economy and to avoid delay in
publication,
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For some time pollution of the wabers of the Lelavare River by
municizal and industrial astes has been s%sp ted of playing a major
role in the deeline of tho shad fishery. secordingly, studies viere
slanned o ascoertain vhether any condl ons of wabter quality caused
by streanm pollution and rarmizl or Lethal to shad verc existant in the
uaters of the Delavare River during the migration periods of the shad.

Miss Louella Cable, biolepgist of the Fish and Wildlife Service,
reports that the ghad fishery in the Delavare River, which vas once
very extensive in the upper river as far as above ’mrt dervis, novw is
confined lzrgely to the lover reaches of the river and bay below Fenns-
ville. In the spring of 1246 obout 250 fish wicre caught by a fisherman
operabing near Lambertville, I.J.; os many as 9,208 {ish were token in
1296, and varying numbers from a fuor hundesd to scveral thousand up
to 1943. Aldhourh shad normally spovm in dhe river from Philadelphia
to beyond Port Jervis, in 1645 live shad ¢ggs and newly hatched fry
were found cnly at t“b mouth of the Lackavaxen River, The ficld work,
therefore, was planned to ascertain, first the vinter characteristices
of the Delauare River near the usual upper 1imit of ivhere shad zre
rnow taken and, Ly comparison vith the water characieristics of a river
in vhich the uhhd were migrating suecessfully, determine those charac—
teristics vhich were harmful o the shad.

The major disturbing cleracteristic, lov dissolved oxygen, vas de-
termined in a recounaissance survey made during the last weele of
Lpril and the first weck of Lay, 1946; i.o., during the time of the

spring upstreom mipration of zdult shad. In the second woeek of Scp-
tember, o second serics of fivld studivs were made to define the
limits of aluost exypon-fresc water in the Tronbon, Philadelphia, Viil-
mington, sector of the Delawarc River, These sbudies vwere planncd
for a pordion of the poriod when the £a3ll dowmstream nigration of young
shad should have been in progress. A third serics of ficld studics
vere completed during the third weck of Cctobar, that is nezr the end
of the poriod dwing vhich the young shad should be miprating dome-
stream in this scebien of the Deloiiare River. These surveys necessarily
emitted consideration of conditiens in the river during the summer
months vhon spent shed nermally roburn to the sea,

three serics of ficld ob-

Supplementing the findings from these
ats on the tolerance of younp
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servations, proliminary cxncriAsntal te

shad ta lov exygen vere rade ob She Harrison Lake, Virginia hatchery
during the first weck of lloverber. Dotz frvom these proeliminary oxper-
imental studics have been woed in part of the presont repord,

Fram the three scets of ficld operations on the Delavare LRiver,
extensive eolicebians of somplus vere roturncd to the laborotory for
analyses ond tests nob fensible in the ficld. In bobth the ficld and
1sboratory verk, the nroccdurcs outlined in hescorch heport lumber 9,
U.3. Fish ond Vildlifc Serviee (1) were follewwed in goneral, oxeopt
whoere spreltl nethods not licted in thot publicotion were required.

The vritors wish te cxproce thelr thanks to licsars, R.0.dond
fe 5. Hole wmd 3, O, Row ond Ers. .o DL Ellis, 2ll of vhon Furtlblﬁqthd
in both the fi.1d opirations ond tre mony annlyscs roquired in bhes
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April-May, 1946, Reconnaissance SUrvy

The field work in this swrvey extended from Lpril 27 to day 4, 1246,
inclusive. The party, consisting of Dr. B. 4. Vestfall and kr. V. S.
Platner, conducted operations from a laboratory truck and from motor boats.

The major sampling section {(hereafter referred to as the Pernmsville,
liew Jersey section or as Section J) for the reconnalssance survey extend-
ing across the Delaware River from Pennsville to a little nortin of liewcas-—
tle (see descriptive 1ist of sampling stations) was selected not only
because few shad were reported above it, but also because the river in
this section carried the combined effluents and wastes, both municipal
and industrial, from the Trenton, Camden, Philadelphia,and “iilmington,
areas (See Figures 10 and 11).

The water of the Delaware River in the Pennsville scetion is brackish
to salt and is subject to definite tidal fluctuations. As the Pennsville
Section crosses the Delaware River where it is narrowed intc a river, 1.e.,
where the bay and estuary characteristics have given way to river charac-
teristics the Hudson River at Verplanck, New York, seems Lo present reason-—
ably comparable conditions to the Pennsville section, and it was therefore
chosen as the major sampling section for the Hudson River. (See Figure 10).

As migrating shad were belng taken by commercial fishermen in the
Verplanck section at the time the water samples reported here were taken,
it is evident that these fish had not encountered any water-quality barri-
er in the Lower Bay and the Upper Bay of the Hudson nor from the waters
of the Fast River.

Other samplings and field observations were made in the Schuylkill
in Philadelphia; in the Delaware at Burlington, New Jersey, below Easton
and pear Stroudsburg, Pennsylvania, and above Port Jervis, New York; arnd
in the Hudson at Waterford, New York. Some of these are reported in
Table 2. Numerous "spotting" samples were taken as well.

of the 12 major and several minor water characteristics determined
from all stations (see Tables 1, 2 and 3), the only one out of bounds in
terms of the commonly accepted standards of water quality for fish was
dissplved oxygen. The dissolved axygen was dangerously lov, 2 p.p.m.,
near the low tide stage in the Pennsville, New Jersey, section at the
mid-channél mid-depth Station J 5 and vias almost absent, 0.4 p.p.m.,
in the Schuylkill River at the Penrose Ferry Bridge, Section D, in
Philadelphia. All other water characteristics of this section of the
Delavare were essentially the same type as those of the Hudson River
section at Verplanck, New York, vhich is in a sector of the Hudson through
which a run of shad was migrating upstream at the time the samples were
taken, '

In Table 1 the data on 12 major vater characteristics are given
for the mid-channel, mid—depth station in the Pennsvillec section at two-
hour.intervals throughout a 12-hour tidal eycle. The mid-channel,
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mid~depth station in this section is presented because at such 2 station
in any river the mixing of the various components causing changes in these
components must be of considerable magnitude to affect specific viater char-
acteristics. In other words, if changes are found in the water character- a
istics at a mid-channel station during any given period, these changes are
generally significant.

In Table 1 it can be seen that the dissolved oxygen declined from t
5.3 p.p.am, at 7:00 4.i. to 2.0 at 11:00 A.1i. During these four hours \
there was also a dérop in both the specific conductance and chlorides indi-
cating that the less salty water from upstream in the Delaware and Schuyl—
kill was following the outgoing tide. This fresh water from the Schuylkill
and Delaware as subseguent anclyses showed was a mixture containing very
1ittle dissolved oxygen (See Table 2), and considerable material having -
marked oxygen demand. As dead low tide fell betieen the 9:00 Al and
11:00 L.H. samples in this particular instance, it is not knovm how much {
lower than 2.0 p.p.m. the dissolved oxygen may have dropped just before E
the tide turned.

75th the roturn of the tide the dissolved oxygen rose from 2.0 p.p.m.
at 11:00 A.H. to 6.1 p.p.m, near dead high tide. Again the speeific con-—
ductance indicated tlre movement of the more salty water, this time up- !
stream. This mass of more dense, more salbty and well aerated wator as it
moved upstream pushcd the less dense fresh water of lowr dissolved oxygen
content upstresm and consequently the dissolved oxygen at the mid-channel
station in the Pennsville section rose as has already becn noted.

Aftor dead high tide near 3:00 P.I. the mere dense salty water began
to recede to be followed by the downstream moverent of the fresh water
of low oxygen content from upriver, and again the dissolved oxygen at the
mid-channel station fell, reaching the 4.5 p.p.m. level at 7:00 P.l. at
which time the tide was moving out rapidly although the dead low stage
had not yet been atiained, .

From Table 1 it scems that water very low in dissolved oxygen is drawn ) i
downstream from the Trenmton-ifilmington sector by cach receding tide-and
pushed back again upstream by cnch succccding incoming tide. It is also
apparcnt from thc actual valucs obtained at the mid-channel station in
the Pennsville scction that the most dovmstream section attoined by this
mass of less salty water of low dissolved oxXygen content before it is {
dissipated by mixing with the morc salty water from dovmriver is in the
vicinity of the Pennsville scction. A8 the tension zone where the front
of this mass of water of low oxygen content breaks by mixing with the
upbound water is in the secticn of the river where the shad migration .
appears to stop the effectiveness of this barrier is suggested. i

In Table 2 the water characteristics of several stations in the Dela-
ware and tributaries are presented for comparison. In this table it can
be noted that at a mid-channel mid-depth station near the mouth of the
Schuylkill in Fhiladelphia, the dissolved oxygen was only 0.4 p.p.m, at the
time of these studies.
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Tt was suggested in viaw of the findings of the April-lay reconniis-
gance survey torcblor with othor data that boeause of thv lar;e amowt
of almost oxyocn=froe wabler bebveon meverly and juﬂ”"Vlllh, tids scetor
constibuied n lethal varrier to the mizrabing shad, The causcs wrodneing
the lov cye.n in this sector of the Lelawnre Hiver are primarily munleipal
sevwapre . industrial vastes and seske oil.
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September, 1046, Studles

A Figld rvarky consi Llnc of Dr. B. .o “estfoll and ilcssrs. D. K. leyor,
e 5. Mlatner ¢Id O, ltan, returned to thc Delavnre Hiver on Sorbemnber 17,
1 torles f sa'?3¢nud and analriical studies vhich continucd
1{
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by river. Both the Peunsville ard isiverton scctlons were markedly influ-
enced by tide, 1. e., these tuo sections were the terminal tenslon zones
in vihich the alsost oxypen—free vater mixed with fairly vell acrated vater.
Dissolved oxygren vas the only vaber characteristic vhich deviated from the
standards of wabter accepted by the “ster Luality laboratory as not harmful
for fish.

Qctober, 1946, Studies

i third field party composed of Dr. il. U, Bllis, llessra. RE. 0. Jones
and i, 3. lale and irs. . D. Z1lis worked on the Delavare Rtiver in the
Trenton, Delavare City sector Cebeber 18 to 24 iuclusive, 1946. A1l of
the sections studicd Ly tie Sepbember parby were revisitod and aflter
Wspotting? tests and general obseorvatiens had been obtained, detailed
studies of 5 of the 1L Sections (4, D, F, J and L) vere made. The priuary
abjeetive of thig survey was the determainaticon of the limits of the wmass
of almost exypen-free water near the end of the fall dovmstream nigration
of the shad.

The data collected Ly the October survey have boen assembled in Tables
22 to 28 inclusive., The findings of the Uctobur party vere essentially
the sa.e as those of the Septumber and April-iay surveys, nomely that the
low discolved oxygen is the conspicucus harmful vatcr characteristic in
tiils scetor of the Telaware RBlver and thal no obher disturbing water char-
acteristies were found, The moss of vater of vory low dissolved oxygen
contuent (2 ». p. m. or less) extunded from shore to shore and {rom surface |
to bottom from Pennsville to abtoubt 5 miles belowr Riverton, that is for 35 1
to 40 miles depending wpon the stoce of the tide. The detalls of thesc
findings togethor vith those of the Lipril-liay and Scpbtomber studies®arc
considered colleebively in the folloeviing scebion,

Discussion

Although dissolved oxygen has been listed ueder czch of the throo
surveys as the uajor delrimental water ehrracteristic in the Trenton,
Delavare Clby zector of the Delavare fiver, it iy desiroble to reviev the
other vater cleracteristics collectively before considering the details of
the low oxygen problem. 4b the time the ipril-lay, 1946, survey was begun
the water clarneteristics, il any, responsible for the interruption of the
shad migration in the Delovare River had nobt Leen determined, Therefere,
in gpite of the Imet thab low dicsolved oxypon bnd been noted previously
in this suetor of the Delavare Diver by the U. 5. armmy Engineers (2) and
the lev Jerscy authoritics {3}, 12 major and several nminor uater character—
isties were ineluded  in the snalyses of the Jpril-iny, 1946, samples to
asecrtain vhiel wore sipnificant In ovalucting the offccts of pollutien
on shnd misrolion in the Doedovare Biver.

i
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Reviewinz tables 1-21 inclusive, end 24 and 26 twe gazbo

2

1335:, phosphates, calciun ord . aonesiun are fourd to T
limite expectes in inland ':te“s “uﬁ“o*tlﬂf gocd rish ;opu11t¢ona
erd also within tha liaits of Lthe analyses of v S irom
liudsen, the Janss, the Chi c}'m.f“mln1 and tne U vers
are Iro m to misrate f-b=1” ﬂrd from the parrison Luch
sonds in which young shad ! @ being raised successfully.

The ehlorides and simultaneously the spec pific conductonce vary grealdy
in the Delavare River over s much vider range than vld ke cpzobed in
inlund vaters unzifected by tide and salt Umt”? Although the chlorides

are higher in streaas receiving quantities of donesilc sewal
high chlorides and specific conductance of the waters of
in the rPenasville section (Lﬂblau l, 20, 21 and 27) and th
section (tﬂbles 18 and 10}, and of the anson River at Ver
York {(table 3} are clezrly due Lo “tho tidal encreachments of
Tais is readily confirmed by comparison of the ehlorides ard

cenductance of sonples taken 2t the saue “tnthW at Aifferent .ring
the tide cvcle. As the chlorides quite svervhelm the other ions convribub-

ing to the specific conductancﬁ of these v“Jers, soecific conduchancc can
be talien as the approvimate measure of the szlinity of these waters and
therefore of the ticde stage

The hydrogen-ien concentration, DH, of &1l samples vas determined with

glass electrode pii meter. The pE of the vater of Lhe Del;'a”u in the
Trenton, Delaware City sector rangsd bsbween pH 6.4 and pH B.3. ‘abter
more alikalineg than pli 7.9 hOWCVkr, was found only in the Delavare City
section, vhere pH 3.2 and pil 8 8.3 were recorded. Tris 1s no surprising
as Ll speeific COﬂuhctchL, chlorides and other characteristics shov
that the vater of the Delaware River ab Deleverc Gity 1s definlscly snlb
and trat occan wabtor from the bay dominztes in Acturmining tho vatar
chircetoristics in this seclion.

From the Punnsville scction which is the tansion tere hotyeen bho
salt and fresh waters, ugvurcar to Trenton of the 225 pi determinaslons
reported in tk tables, 218 lay vetween ph 0.6 and pi 7.7, with 192

falling betvieen pH ©.7 and pE 7.5.

The entire series of ;i determina<icns on all of the samples of
Delarare River waber stuilied in these surveys is within the range of
pH tolerated by narmel fich faonn of inlamd chiroams, A5 young It *a a
the Horrison Lake, Virginia natehery were living and aprarently thrd
in wober at pi b.é to pi 0.2 and aduvlt shad migrated suecessiully %u Lhe
tndsen River through weber ab - 7.3 So pi 7.7, both acldity and alkalini-
ty are elininitcd frem the list of rosoible harmiul characterictics in
the Delovare DNiver scctor urder consi sraticn. lovever, these pHoael tormis
nations are sipnificont not only cajsb they fall in i=- Lnnoc:ous rogite
but olso bessuse of tneir bearing on the amronia rroblom.

ving
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fmmonia in amounts greater then 1 p.p.A. usually indicates organic
pollution in stream and river water and 2.5 p.p.m. 1S near the maximum
amount which can be tolerated by fish under average stream conditions without
detrimental effects (4). However, the toxicity of ammonium compounds for
fish is greatly enhanced as vhe alkalinity of the water is increased,
especially alter pH 8 is attained. In waters less alkaline than pH &, the
toxicity of ammonium compounds for agquatic animals is materially reduced s0
that 2.5 p.p.m. or more may be tolerated,

The ammonia content of the Delaware River water samples (see tables
1-21 inclusive) varied from 0.1 p.p.m. t0 4.€.p.p.m. 0% the 74 determina-
tions recorded, 53 were between 1 and 5 p.p.m., and 40 between 1 and
3 p.p.m. The ammonia in the Hudson River at Verplanck, Hew York, during the
spring upstream run of shad (see table 3) varied between 1.3 and 3.6 p.p.m.
The ammonia was high therefore in both the Delawarc and iudson Rivers in
terms of unpolluted streams ard indicated marked organic pollution for both
rivers. However, the pH of both streams vas less alkaline then pH 8, the
Delaware being slightly more acidic than the ludson. In wview of the fact
that shad were migrating successfully upstream through water in the Hudson
carrying up to 3.6 p.p.m. of ammonia at ph 7.3 (sece table 3}, it nust be
concluded that shad -can tolerate that amount of ammonia in water no more
alkaline than pH 7.3.

The amounts of ammenia in the Trenton-Delaware City sector of the
Dolaware River were definitsly higher than in the Iudson and considering
other experimental and flield data (5) very near the dangerous level for
fish even though the pE was definitely less alkaline than pi 8. However,
the ammonia hazard to the shad in this sector is probably secondary to
the hazards of low oxygen. The amounts of ammonlia are above the dangerous
level for fish in the cxisting pH renge of the Delavare waters but fhe
dissoived oxygen in these same waters was found to be ab definitely lethal
levels. The same organic pollution which is one of the major agents reduc—
ing the dissolved osxygen in the Delavare River o small or negligible amounts
is also the cause of the high ammonia found in this sector. Elimination,
therefore, of the causes of low cxygen will also climinate the high ammonia.

Extensive bosts were made for heavy metals including cepper, iron, leag,
zinc, tin, antimony, and arsenic as small quantities of some of these ele-
merts have been the couse of insidious but lethal pollutien in other waters.
However, no significant quantitlcs of any of these cloments viere found.

Thy phenolic compounds in the Hudson River and in the Delevare vater samples
vere essentizlly the seme and vere not present in significant amounts.

Tests for sulfides, morcaptans, nctiocus sulfur compounds and varicus organic
substances vhich might be lethal to fish were 2ll negative or showed the
quantities present to be too smnll for consideration. Thercefore, from all
the analytical studies made both in the laboratory and the ficld, the most
doetrimental wator characteristic found was the lov dissolved oxygen content
with ammonium compounds also & hazard should the amounts of those compounds
be inercased or should the alkalinity of those waters of this sector of

the Delawars be raiscd to above pH 8.
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It is the author's experience that under stream or lake conditions the
reduction of dissolved oxygen to 3.5-3.0 p.p.m. at summer water temperatures
and to 2.0 p.p.m. at winter water temperatures is lethal for many species
of fish in 48 hours or less. Also that the tolerance of fish to low oxygen
is reduced in polluted waters. As this subject of low oxygen has been ro-
viewed many times, the reader is referred to published articles (1, 4, 6,7,8),
Throughout this reéport 2 p.p.m. dissolved oxygen has been referred to, thore-
fore, as critically low for fish life. A1l analyses for dissolved oxrzen
reported in the data tables were made by the sample-blank modification of
the Winkler method (1) and are fully corrected for 21l substances which
could disturb the Winkler procedure, i. e,, the values tabulated are true’
dissolved oxygen values.

From the data collected during the September survey it can be noted that
from Bridgeport to Riverton, lMNew Jersey, (high tide only) inclusive, the dis-
solved oxygen at all points studied, that is at the surface, mid-depth and
bottom levels for the lateral and mid-channel stabjons, inclusive, vas
below 3 p.p.n. (See tables 4 to 11 inclusive and 13 to 15 inclusive.) This
statement is made regardless of the phase of the tide except for Riverton
where high tide only is included. Of the 113 oxygen determinations in this
group of sections, 66 were below 0.5 p.p.m., 78 below 1.0 p.p.r. and only
13 above 1.99 pip.m.

In figure 1 profiles of the dissolved oxygen levels at the mid-channel
mid-depth stations are given for the Trenton — Delaware City sector. In
this figure, it can be scen that the almost oxygen-free water at Bridgeport
is drawn dovnstream to Pennsville during low tide and that well aerated
vater 1s drawn dovm to Hiverton at the same time. At high tide some OXygEN—
carrying water is forced upstream from the Pernsville section to Bridgeport
raising the dissolved oxygen there from less than 0.5 p.p.m. to almost
2 p.p.n. and at the same time, water almost devoid of disseolved oxXygen 1is
forced upstream from the Delaware Bridge section to Riverton, reducing the
dissolved oxygen there from above 5 p.p.m. at low tide to less than 1 D.D.0.
at high tide. Rivertorn and Pennsville are, therefore, the tension zone
sections. The exact configurations of thesc tension zones vary with wind,
wave action, the temperature, tide, stage of water and shoreline configura-
tion. For example, on September 2], 1946, in the Pennsville section (table
20} at low tide, the dissolved oxygen on the New Jersey side was 4.9 p.p.it.
at the botton, 3.9 p.p.n. mid-depth and 3.9 surface, while on the Delaware

side, the dissolved oxygen was 1.7 p.p.m. at the bottom, mid-depth and
surface. The nid-channel dissolved oxyzen values fell about midway between
the New Jersey and Delaware station values.

If the 2 p.p.m. level of dissolved oxygen be projected across the graphs
in figure 1, it can be seen that at low tide a mass of water about 35 miles
long from ncar Pennsville to between Delaware Bridge and Riverton carricd
less than 2 p.p.m. dissolved oxygen. Similarly at high tide a mass of water
more than 28 niles long and wxtending from below Bridgeport to between Bever-
1y and Riverton carried less than 2 p.p.a. at the nid-channel, mid-depth
stations. Fron the low tide limit of 2 p.p.m. or Iess dissolved oxygen at
Pennsville to high tide limit above approximately 40 niles of river are in-
cluded in this mass of water carrying less than 2 p.p.n. dissolved oxygen.
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Therefore, considering the dlfferences in tlne of the upstream back-up

caused by the iacoming tide at the dlfferen* stations between 30 and %0 ¥
miles of river are contained in this slug of water carrying less than )
2 s.p.m. dissolved oxygen.

In figure 2 the dissolved oxygen profiles for mid-channel, mid-depth
stations are shown for the Trenton-Pennsvilis sector from data collected
during the October survey. The general picture is the same as that just
described in detall for the September survey with one difference. The
colder water in Octcber carrying mere dissolved oxygen above Riverten (see
tables 22-28 inclusive) was forcing the heavily polluted water between
Delaware Sridge and Riverton farther downstream so that the upper end of |
the mass of water carrying less than 2 p.p.m. dissolved oxygen lay between
Delaware Bridge -and Riverton at both Llow and high tides, but the polluted
water was forced down farther into the Penusville section where the dis-
solved oxygen at-the midwchannel, mid-depth statlon vas 1.57 p.p.m. (see
table 27). However, the actual mass of water carrying less than 2 p.p.m.
dissolved oxygen although displaced some five miles dowmstiream from its
Septerber position in QOctober was still approximately 35 miles long.,

By consulting the tables {22-28 inclusive) it can bLe noted that, in these
portions of the river where the dissolved oxygen wes low, conditions held
at all depths and all stations except as influenced by tide in‘tension zone
scctions, . .

In figures 3 to 9, inclusive, dissolved oxygen, ammonia, pH, chlorides
and speeific conductance have been graphed with reference to the tide
phase, for the mid-channel, mid-depth stations in the Pennsville, Bridge-
port and Riverten sectlions. As the Pennsville and Riverton sections trav-
erse the downstream and upstream tension zones respectively, and the
Bridgeport scetion is well in the wass of heavily polluted water, thcsc
three scctlons present a "enural plctwre of the critical sector.

From. a- comparisbh of figures 3 '4 “and 5 wbich present conditions _
found during the May, September and Qctober surveys in the Pennsville sccj“““
tion, the pH changes are’ scen to be very small throughout the tide eycle.
SDulelC conductance, chlorides and dissolved oxygen, however, as would be
expected in a tenolon zone where the salt and fresh waters alturnatcly
advance and retreat, fellow the tide cycle. 411 threc drop during the
outbound part of the cycle and rise during the.inbtownd phasc.

In the Bridgeport section (figures 5 and 7) the Septomber and October
data show pH as rclatively stable. The spcc1flc condue tance, chlerides
and dissolved oxygen, as in the Peﬂ"SVlllc sgctiony, vary v1th the tide
eycle, The actual valuus for specific conductanca,gnd :chlorides arec
much lowcr than in the Pennsville scction as the apount of salt vater
projected into the Bridgeport scction by the high tide is much less than
in the Ponnsville scetion. The dissolved oxygen 1s so low, however, that
the small, additional amount of dissolved cxygen brought into the Bridge-
port section vdth the high tide back-up does not change the dissolved
oxygen significantly as regards the shad migration, a2ll values for dis-
solved oxygen in this section being below 2 p.p.m.
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The graphs for the upstream tension section, Riverton (figures £ and 9)
show that pH, specific conductance and chlerides are affected little if at
all by the tide c¢ycle. The backup of water ai high tide, however, forces
the almost oxygen—free vater found in the Delaware Bridge section upstream
so that the dissolved oxygen falis in the Riverton section during high tide
and rises during low tide. This is exacily opposite from the changes in
dissolved axygen correlated with tide movements in the Pernsville section,

In all of these figures, the variations in ammonia seem independent of
the tide cycles but apparently fluctuate as some other factors change.

Tolerance of Young Shad to Low Oxygen.

Llthough it is well established that even under field conditions the
reduction of dissoclved oxygen to the 2 p.p.m. level constitubes a critical
and lethal hazard to fish and that under swumer water temperatures 3 to
3.5 p.p.m. dissolved oxygen is usually too low to support fish life, both
species and individual tolerances to low dissolved oxygen vary. As.the
present survey is concerncd with the speeific effocts on migrating shad
of the water in a scchtor of the Delaware River in which the dissolved
oxygen does not risc above the 2 p.p.m. level, the individual tolerances of

111 young shad of migrating age and condition were obtained in preliminary
studies made at the Harrison lake, Virginia hatchery the first week in
November, 1946, by a party’conﬁlstlng of Dr. L, H. Ellis, R. 0. Jones,

A, S, Hale and i, D, ¥llis. ’

As may be computed from figures 3, 4, 5, 8 and 9, the dissolved oxygen
in the tension zones at Pennsville and Riveorton was roduced or increased
during thé various phases of the tide cycle at rates varying from 1 p.p.m.
in 30 minutes to 1 p.p.m. in 60 or 70 minutes. These rates arc somewhat
approximate but show the general rates of oxygon change that a fish remain-
ing in the tension zone during the tide cycle would experience. However,
were a fish swimming upstream tlhirough the Pennsville section when the tide
was moving out or dewnstream through the Riverbton section when the tide
was rising, the rate of oxygen reduction to which the fish would bhe sub-
Jected would be more rapid, as.in each of these cases the fish would be
swinrming into the oncoming mass of water carrying liitle dissolved oxygen.

Accordingly the young shad in the Harrison Lake, Virginia tests were
subjected to reduction in dissolved oxygen at rates varying from 1 p.p.m.
in 10 minutes to 1 p.p.m. in 65 minutes to simulate conditions encountered
by migrating shad in this sector of the Delaware River.

These tests on young shad were conducted at 19-22° Centigrade, tcmpera-
tures near but below the maximal water temperature recorded by the September
survey (see tables 4-21), and at 16° Centigrade which was approxinately
the minimal water temperature recorded by the Octobor survey (sec tables
22-28 inclusive), During the Harrison lLake tests the cquipment was adjusted
so that the young shad were subjected to no significant chenges in water
characteristics other than reduction of dissolved oxygen and changes in pH.

11
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Then subjected to rapid reduction in dissolved oxygen, young shad
rapidly became helplessly incoordinate, swimaing violently and erratically
in an upside-down position, and then sinking to the bottom where they lay
on their backs. These anorsemic fish often lay on the bottom for some time
and frequently made additional sorties of erratic swimming before dying.

The Herrison Lake tests on young shad of migroting age and eondition
at temperatures which these fish would be sthiew ad to during their fall
migration down the Delaware verify the gercr:zlliy reported belief that shad
are very sensitive to reduced oxygen. hAs mony of these shad became help-
lessly incoordinate and died before the duiseciied Fygon Was reduced to

4 p.p.m. and a few even before it was redvesd o % p p ., any portion of
the Lolaware River carrying less then 5 p ¢ of dissolved oxygen must be
regarded as presenting a lethal hazard to migrating shad. If the 5 p.p.m.
dissoived oxygen level be projected across fizurc 1 which graphs the dis-
solved oxygen levels during the Scptembor survey and at a time vhen much
of the uater was above 23° Centigrade, the scctor of water dangerous to
migrating shad is lengthencd from the 35-40 mile 2 p.pam. sector to

nearly 50 miles for the 57p.p.a. scetor.

Although $he analytieal studies of the waters of this sector of the
Delaware found no water characteristic except low exygen deviating signifi-
cantly from the accepted standards and although specific tests for all of
the metollic poisons and organic substances which are generally suspected
of detrimental setion on fish in polluted waters were negative, the possi-
bility still remains thet some unidentified substance having specific
toxic effects on shad could be present in these waters. That possibility,
although remote, has béun climinated largely by biocassays on goldfish
using water collected from this sectoer of the Delaware and maintaining in
this water a suitably high axygen lovel so thet dissolved oxygen was
elimincted as a lethal factor, Hovever, regardless of these remote possi-
bilitics the fact remeins that a scctor of veter some 50 miles long,
carryang so little dissslved owyrgen thet it constibutes a lethal barrier
to shad, stands botween Lhe inbound shad and their upstream spavming
grounds and betweon the devmiound young shad and the ocean.  Untal the
dissolved oxygen in that scoior is raised to above 5 p.p.m. few shad can
pass this barrier and nypothetical pollutents can be disrcgarded.

3ince adult shad, as reported by .dss Cablc in the spring of 1946
have been caught in the Delaware above the zone of the oxygen barrier and
cges and fry were token in 1945, it jrmust be assumed that channels or cur-
rents of water, containing sufficiont oxygen to support fish life while
braversing the 40 or 50 mile streoten hure described, must occur at times,
perhaps only bricfly, during the periods of shad migration. Such condi-
tions may occur during floods following heavy rainfall for flash {loods
of considerable size have buen reported for the Deloware River.

12
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The causes of the reduction-of the dissolved oxygen in the wakers of
the Delaware River in this sector are three; municipal sewage, industrial
wastes and oil. The amount of municipal sewage entering this portion of
the Delaware River can be compubed and.its oxygen demand estimated with
fair accuracy from population statistics of the adjacent areas. The volume
of sewage is enormous., Some industrial wastes have high oxygen demands,
others little or no oxygen consuming pover and still others react with
various substances in the water to produce. an- oxygen demand. To estimate
the oxygen consuming power of all of the industrial wastes poured into
this sector of the Delaware River is an engineering problem of considerable
ragnitude, The oil pollution and the oxygen demand which it brings aovpar-
ently should not exist as there arc federal laws prohibiting the introductim
of oil or oil wastes into public waters affected by the tides.

¥

Summary

1. Vlater quality studies and'analyses.by the U. §. Fish and Wildlife
Service on samples collected in the Delawars. River between Trenton, Wew
Jersey and Delaware City, Delaware in April, liay, Septimber and October
showed:

(2) that, the only water characteristic of these waters which
deviated significantly from the standards of water accepta—
ble for Fish life was that of low dissolved oxygen;

(b) that, no specific substance cxcept perhaps ammonia was found
in suffieient quantity to be lethal teo fish Life,

(c) and that. these waters, mhen‘well—aerated, would support
fish life. .-

2. Surveys made by field parties in April and May, 1946, at the time
when the upstream migration of the shad should have been in progress end
during September and October,. 1946, when the young shad should have been
migrating dovmnstream determined the limits of a mass.of water extending
from shore to shore and from surfzce to botton of the Delaware River ox—
tending upstrean fronm near Pemnsville, New Jersey, to ncar Riverton, New
Jersey, some 35 to 40 miles long and carrying less than 2 p.p.a, of dis-
solved oxygen. '

3. Data from these sane surveys showed tpa% the mass of water in this
Pennsville-Riverton sector carrying less than 5 pip.m. of dissolved oxygen
was over 50 miles long. . oL

4. ks young shad are very sensitive to dissolve¢ oxygen, and commencéll
dying when the dissolved oxvgen is reduced below 5 p.p.m. at tenperatures -
to which the young shad arc subjected vin the Delaware River at the time -
of thelr fall dovmstreoam migration, a lethal barrier of watcr 50 milos
long carrying less then 5 p.p.m. and 35 miles long carrying less than
2 p.p.n. of dissolved oxygen stands between the returning young shad and
the ocean and the incoming adult shad and their spayming grounds.

13
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Channel station — at mid-channel, haliway between red
buoy 1. and black, light buoy quick flash white "IF"—-
this is esbout 500 yards north of the Hew Jersey shore.
Bottom samples B4, mid-depth B5, surface B6.

Pennsylvania side station - 200 yards north of the quick
flaoh widte "WiF' buoy; halfway between the north side of
the channel and the Pennsylvania shore line off the north-
east end of Wifflin Bar Dike; i. e, 200 yards off the
Pennsylvania shore line structures; bottom samples B7,
mid-deptn B8, surface E9. :

Gloucester section C. Three stations across the Delaware River
at the upper end of “fest Horseshoe Range on a northeast to south-
west line from the buildings at the railroad ferry pier on Tindy
Point, Permsylvenia (opposite Gloucester, New Jersey) through
light buoy quick flash green "35" to red buoy 46, U.S.C. & G.5.
map 295, hugust 10,1946,

Hev: Jerscy side station - 150 yards inshore from red buoy
146 and about 150 yards off the Kew Jersey shore at a
point 1-1/2 miles east and north of Noblonal Park, New
Jersey. Bottom samples Cl, mid-depth C2, surface C3.

Channcl Statioh - mid-channel, halfway between light buoy
quick flash "35% and red buoy K 4Lh. Bottom samples C4,
mid~depth C5, surface C6.

Pcnnsylvania side station ~ off the dovmstream end of
Horseshoe Shoal, 500 yards toward the Pennsylvania shore
from light buoy quick flash green 03518 on the line de-
seribed for the scchion; bottom samples $7, mid-depth C8,
surface 9. ; .

Delaware River Bridge section & — Three stations across the ™'
Dolaware River in a line 50 yards downsbream at and parallel
to the Delavare River Bridge betwecn Philadelphia and Camden,
New Jursey, The Pepnsylvania end of this -line was - at Pler 9,
Philadelphia. :

Jereoy side station — ebout 150 yards off the New
Jerscy snora; bottem samples El, mid-depth E2, surface EQ.

Charmel station — ot widehannol; bottom sample B4, mid-depth
15, swface 6. .

t
-~

Permsylvenia side station - o few yards off distal ond of

y e

Ficr Ho. 9; bottom samples E7, mid-depth E8, surfacce E9.

Riverton scction F - Three stations across the Delawarc River
on a north northwest o soubh southeast line passing through
red buey H "4, vhich lies 100 yards off the Riverton, Kew
Jersay, waterfront midway between the 2 sccond occ. cv. Iight
on the ilew Jersey shore of the Tacony channel and the € second
occ. ev, light
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on the New Jersey shore of the Riverton channel, and continues

through the black buoy C3 to an eievated tank, in North Tacony,
Pennsylvania, betwieen a tank and a stack to the northeast and a
cup tank to the southwest—S8ee U.5.C. & G.5.kap 296, August 10,
1946.

New Jersey side station - 50 yards inshore from the red
buoy "H4AY; bottom samples Fl, mid-depth F2, surface I3.

Channel station - 150 yards from buoy N4A and 50 vards from
black buoy C3—that is the mid-charnel lies a little

nearer the black buoy; bottom samples F4, mid-depth F35,
surface F6.

Pennsylvania side station - 300 yards to the Pennsyivania
side of bhe black buoy C3. This was little more than e
vards off the Permsylvania shore line; botbom samples I/,
mid-depth F8,surface F9. '

Beverly section G — A single mid-channel station in the Delaviare
River near Lhe middle of the Enterprise Range 150 yards off the
Pennsylvania shore line at Occ. ev. 2 second light which is a

mile nortnesst of Andalusia, Pemnsylvania, and across the river
and 3/4 of a mile sputhvest of Beverly, Wew Jersey. This gtation
is 75 yards toward the Pennsylvania shore from red buoy N "16A".

Channel station — Bottom samples Gl, mid-depth G2, surface G3,
U.5.C, & G.8.Map 296, &ugust 10, 1946.

Burlington section H - A single mmid-channel station in the Dela-
ware River at the junction of the EdgewWater chammel and the
Delvin Charmel midway between red buoy N"18C" and black buoy
CM17DM. This area is about 1 mile east of Collega Point,
Pennsylvania and 1 mile west of Burlington, New Jcrsey.

Channel stabion — Bottom samples HL, mid-depth H2, surface
H3, U.5.C..& G.5.Map 296, hugust 10, 1945.

Delaware City section I — Threc stations across the Delaware
River in the Finns Point Range, on an east and west line from
the mouth of the Delaware City Branch Canal in Delaware to a
point midway botwcen the elevated lights at the mouth of Salem
Cove in Hew Jersey. This line passes just north of red buoys
WANT and W2 and just soubth of black buoys C5H and lighted black
buoy flash green "1.% - U.5.C. & G.3.Map 294, August 3, 1946.

New @ersey side station — 400 &ards cast of red buoy MN". M
This is - 4000 yards off the New Jerscy shorc at the mowth
of Salem River; bottom samples I1, mid-dcpth I2, surfacc 13.

Chennel station - halfway betiween ﬁed buoy W'4N" and black
buoy C5N — in fiddle of the main channel 2900 yards off the
mouth of the canal at Delawarc City, Del; bottom sampleis I 4,mi

depth 15, surface 16. A
Y ' RS I
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Delavare side station — 1000 yards west of black buoy G5N
and 300 yards east of red buoy N2, that is 150 yards east of
Pulkhead Shoal Chennel which serves Delaware City, Dbel.,

and in the water which shallows toward the cast and north
+o Pea Patch Island 3/5 mile upstream; bottom samples I 7,
depth I 8, and surface I 9.

Pennsville section J - Three statlons across the Delaviare River
in the Deepwater Point Range on a northwest soubheast line
through red light buoy, flash red né4" and black buoy C2G. The
New Jersey end of this line passes through Pennsville, Hew Jersey;
on the west side it passes midway between New Castle, Delaware,
and Pigeon Point which is one mile south of Christina River.
U.5.C. & G.5. iap 204, August 3, 1946.

New Jersey side station 200 yards nearer the New Jersey
shore than red buoy light F1 R"6AM; about 600 yards of f
the New Jersey shore nearest Pennsville, N, J.; bottom
samples Ji, mid-depth J2, surface J3.

Channel sbation — mid-channel equidistant, about 400 yards
each way from the aforesaid buoys. Bottom sample J4,
mid-depth J5, surface Jo.

Delaware side station - 200 yards N# of black btwny C29;
i.e. about 800 yards off the Delaware shore line and on
the deep water edge of the New Castle Flats. Bottom
samples J7, mid-depth J8, surface J9.

Bordentomn section L — A single channel station in the Delaware
River at the junction of Bordentown range below with the Rock
Island Renge upstream on a:line between red buoy N8 and black
buoy C7. This line is just north of the point at which the

backwater of Duck Creek enters river 1 mile north of Bordentown,
N.J.

Chamnel station — a few yards to the channel side of black

buoy C7; surface samples Ll. U.5.C. & G.3.Hep 296, hugust
10, 1946.

Lambertville secbion ¥ @ mid—-channel station in the Delaware
River where highway Pa. 263 crosses the river at Centerbridge
Pa., 3 miles north of Iambertville, M. J.

Channel staticn - at mid-depth i,

Faston section §i —~ a Delaware River station 10 feet off the
Pennsylvania shore at a point opposite the locks in the Lehigh-

Delavare Canal, about 1 mile below the mouth of the Lehigh River
and Easten, Pa.

Pennsylvania side station - surface sample HI ..

18
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Port Jervis, Hew York .section 2 - Delaware River one mile above
Port Jervis, 1.Y. on highway If. Y. 42, stream 200 yards wvide;
sample at mid-depth P 1.

Penrose Ferry Bridee section D -~ to stations across the Schuylkill
River in a line crossing the stream at right engles to the banks,
200 yards below the Penrose Ferry Bridge in Philadelphia.

dorth chanrel station - Bottom samples D 1, mid-depth D 2.
surface D 3.

South chamnel station - Bottom sample D 4, mid-depth D 5,
Surface I 6. :

Conshohocken station X — in the Schuylkill River 6 feet off the nortl
shore, 300 yards upstream from the bridge on higmay Pa. 320
between Conshahiocizen and Test Conshohocken, Pa.; a surface sample K1

Hanburg stabion Q — in the Schuylkill River, a mid-channel statlon
taken from thc bridge on highway U. S. 22 at the western edge of
Hamburg, Pa.; a surface sample § 1.

Broadhead Crock one mile above its mouth, in the Delavare River,
along nighvay Pa. 402 near Stroudsburg, Pa. Sample taken off the
right bans at a point where the strcam was narroved at a sharp
bend. Streem bed rock, current rapid and water very clear.

Lehigh River at Baston, Pa. sample off the north bank of the
Lehigh River 200 yards downstream from the bridge on highvay

U. 8. 611, This is about 200 yards above the mouth of the Lehigh
in the Delaware River. The current was sluggish and a surface
drain ditch carrying some oil from a garage entered the river
between the bridge and the point of sampling. & surface sample Q 1.

Hudson River at Verplanck, N. Y., 3 miles dormstream from Peukskill,
W.¥. on highway 1i.Y. 210. A series of channcl, mid-depth samplis
taken 200 yards off the Sinclair & fmco Cil Storage Co. dock. The
river at this point is abo.t 1 mile vide, 40 to 65 fcet doep to
trithin 75 feet of the banks on cither side.




Mid-channel mid-depth disasokved oxygen profile

Figure 1.

Sacond week of September, 1946

eIBRBT]
A9 13 eIaeBvTE]

&

‘0Nt eTTvARTHO]

LN odadiprag
(=]

*£ *N'oxoqoTned

¥

*p "N I93.882T0TD

sfprag
JIeAYH BJamETEe(]

o

R ERETS <

*

<o N Araeasd
[
LR U0 U TTING

10

cpoimgoauspIsg
o
N tuolReLl

H.¥,

High tide
Low tide

[

facd

) | ] ]

80

20
Hautiesl miles below Trentom, H. J.

10

Sec.
"
&
5

b L3 &N —~
wrd+d usdLxo poaTeesi]

Mid-channel mid-depth dissolved cxygen profile

Bgure 2.

Third week of October, 1946
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Table 13

Euﬂm%mﬁomaﬁgggaa m
DELAMARE HXVER BRIDCE SECTION*, LOW TIDE** -
Septembar 15, 1046. Sampling started at 11:30 M

Oxygen Spealfic
Sample Position Tempersturs Dilssolved consumed conductancs Total Total Total Total Total
Station poaition designation degreos oxygenn from Edndg mho x -8 P carbonmtes ammonin phosphates chlorides sulfates
Cantigrade DPuPells PeDelly 0 256 ¢, PoPoBa PePelie PePse PoPalte PaPeMe
New Jersey x
Side Bottoz 21l 22,0 Q.00 8.7 298 7.3 ‘
Mid-depth E2 22.0 C.00 4.0 237 6.4 33 2,74 0.200 15 o
Surfate z3 22.5 0.00 7.5 300 7.4
‘Channel Bottom - E 4 22.5 .00 Bad 276 T4
Mid-depth ES re.5 0,00 Gud 273 Tl 34 1.76 0.223 15 o]
Surface Ee 22.8 O. 24 5.2 280 7.5 ’
Pemaylvyanlia
Side Bottom 7 22.0 Q.00 Get ) 267 kL%
Micd-dapth ES8 22,6 0,00 7.5 281 = 34 . 1.50 C.223 14 ?
Surtece EP9 23.0 © 0,00 5.2 283 7.3 .

* Section E on maps. L -
** yow tide ot 11:25 AM . '



- Table 14

» "
WAER CHARACTERISTICS OF THE DELAWARE RIVER
DELARARE RIVER BRIDCE SECTION*, HIGH TIDE**
September 15, 1946, Serpling started st § 30 PM

: . Oxygen Specific . :
. Semple Position Tempersture Dissolved oonsumed oconductance Total Total Totel Total Totl - |
Station post tion desigmtion degreca oxygen from EMnOg wmho x 1078 pH  carbonates ammonia phoepbates chlorides mulfates
1 Centigrade PeDslla PeDella 225 ¢C PeDalls PePeMs  D.PaR PeP.tle PePamle
7 Tsdde Bottom El 23.0 0.00 14.5 279 Ted
Mid-dapth E2 23.0 0.00 1.0 23z 7.2 32 232 0.214 15 2
Surface ED 23.0 0,00 12.2 273 7.3
§ Channel Botton E4 23.0 0.00 155 24 7.2
1 ’ Mid-depth ES 23.0 0.00 13,0 206 7.3 33 2,40 0.171 16 2
Surface - Ee& 23.0 .05 5.8 243 Tald
T Pennsylvenis
T “Side Bottom E7 23,0 0.00 8.7 298 73
Mld-depth ES8 23.0 0,00 a4 302 T 3k 2.3 0.180 16 B8
Surfsce ES 3.0 0.00 7.5 297 Ted
L4

. - ™ Saction F on maps.
WU #K High 4lde at 4:00 PM




Table 15

WATER CHARACTERISTICS OF THE DELAWARE RIVER
RIVERION, NEW JERSEY SECTION®, HIGH TIDE**
Septacber 17, 1946. Smmpling atarted at 6:30 AM

: Oxy gon Specific
Semple Position Tempersaturs Dissclved consumed nou&—n»uﬂmm Total Total Totsl Total Total
Station position Resigoation degrees oxygen  from EMeQ, mho x 10 pH  carbonates srmonis phosphates chlorides sulfates
Contigrade PPl PaPelle a 259 ¢, PaPalia PaDollle PeDulSs Pabunle PePaolla
Hew Jersey
Side Bottom 71 21.5 2.41 5.8 ° 228 T4
Mid-dapth F2 2L.5 1.99% 4.8 230 725 38 1.1¢ 0.130 11 o]
Surface F3 22,0 1.89 4,0 230 7.4
Channal Bottom F4 2.5 " 1.13 5.2 243 7.2 .
Mid-dapth F5 21.5 T 0.43 5.2 242 Tk a7 1.04 0.150 12 4
Surfece F8 22.0 .85 4.0 251 7.2
Pemnmylveania
Slde Batton } S 21.5 G.17 5.2 264 7.3 ’
Mid-depth Fs 21.5 0.00 5.2 262 Ted 36 . Lodd Q.196 13 4
Surface re 22.0 Q.17 .2 260 Peh

* Section ¥ an mapa.
** High tide ak 6:26 A
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Table 17.
TATER CHARACTERISTIGS OF THE DELATARE RIVER

CHANNEL SAMPLES BEVERLY, NEL JERSEY-TQ FORT JERVIS, NET YORK

September 18-22, 1946

-

ﬂuunﬂ .oh..n.ﬁ,c.u a8 Sectioms §, H, L, M, N, P. 4

. o C . Gxygen ~ Spesific T
Sample Position Tempersture Dissolved oconsuned  oondustange Total Total Total Tota): Total 4o
poaition dealgnation  degrees oxygen fraoXMa0y mnho X107 J  csrhonates armomia phosphates ohlorides sulfates:
e Centigrade PePitty PePelie G RWRIC, DP+Pelle Pealls PaPilTia PTemy PaPiDa o
Baverly Bottan 61 22.0 5.34 0.0 222 7.7 i
{High Tide) “24d-depth B '22.0 5.28 0.0 x50 T 35 0.25 0.121 [ 4
wc.gou G 3 22.0 5.60 0.0 :1 7.5
Burlington  Botton 51 22.5 5,54 0.8 228 7.5
(High Tide) lLid-depth R 22,5 5,38 0.0 230 7.5 85 0,10 0.138 5 17
rdsntosn  Surface L 22,0 8.33 6.2 .228 7.6 s 0.50 0.030 7 o
ﬁ%ﬁd.onvih.HHG #¥id-dopth ¥ 21.8 7.55 m....ﬂ. 21 7.9 37 Oadl 0.006- 7 . O . ’
Eewton Surfsce ¥1 as 7.08 5.8 21 7.3 35 ©0.54  -0:115 4 0
MMOH& Jarvis. Mid-depth Pl 18.0 7.54 . 7.8 58 TP iz - 0.860 0,050 1 i
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Table 19

WATER CHARACTERLSTICS OF THE DELAWARE RIVER
DELAWARE CITY, DELAWARE SEGTION®, LOW TIDE **

. ' , Septesber 20, 1946. Sempling started at 1:00 PX
ool n
15899
e . Oxygen Specific .
Jarpls Positlon Teoperature Dissolved consumed conductance . Total Total Totel Total Total
. 1 Station position  deaigmation degrnes oxygen from KMnOy who x 10-% PH carbovates ammonie phosphates chlorides sulfates]
Centigrade PePsRe PeBeDa I 25° ¢, PePelie PePelie PoPalile PePolly Palalt.
i i , .
Delamara _ ) * _
: ‘gide Bottiom 11 23.8 7.03 15.0 8,350 8.3 32 . 0.27 0.082 2350 370
Surface Ie 23.1 7.04 13.8 8,450 82 .
Charnel Battom I3 22,7 505 17.3 8,450 8.3
R Mid-dapth I4 22.7 6.21 12.0 8,270 8.3 34 0.26 Gc.098 2280 364
Surface I5 23.0 o-uw 12.8 8,200 B.3
: .22.. Jeroay R
Side Battom 6 22.8 6.52 19.8 ¥,50 8.2 :
Mid~depth v 23.0 &.40 J12.9 8,760 8.3 34 0.8 0.0087 2440 388
Surface I8 Z3eT S.42 11.2 8,220 8.3

*Soetion T on maps
4%Tow tide at 1:20 PM



%

Table 28 .
. f.!x
WATER CHARACGRERISTICS OF THE DELAWARE RIVER
PENNSVILLE, MEW JERSEY SECTIONY, LOW T
. Soptember 21, 1948, Sampling started at 3:00 AX
. .
Oxyges Specific
Sempls Position Temperature Diseclved conaumed conductence Total Total Total Total Total
Station poaltion desigoation degrees OXYEen fran EMoCy; mho x 10~ pH carvomates apmonis phosphates chlorides sulfatos
. Centigrade PeDealla 135979 e a25%¢, - PaPsMa PeDela DeDeMe PeDsM. PeDa
KRaw Jersey . N
Side Bottom J i 28.0 4.87 9.1 6490 7.0
Mid-depth J2 228,58 3.94 6.3 5000 7.0 23 1.00 0.038 1625 259
Surface J3 22.5 3.9 T2 4740 6,9
T Mid~depth Is 22.5 2.4% 6,2 L4 4500 &,.8 25 0. 88 0.050 1185 220
- Surfase Té 22.5 2.44 16.8 4290 6.8
Delamre
Side Bottom IT 22.5 1.66 4.7 4070 67
Mid-depth Je 22.5 l1.66 3.0 . 3890 B8 23 0.81 0.060 1075 212
Surface Je 22.5 ) 1.71 5.6 £010 6.8

u_’ Low $ide at 2:57 MM




WATER CHARACTERISTICS OF THE DELAWARE RIVER
PENNSVILLE, NEW JERSRY SECTION,EIGH TIDE W
Sapterber 21, 1948, Soempling started at 2:3 AM

Somple
poalition

degroes
Centlgreds

Posi tlon  Tempersture Dissolvad
: designation axygen

P Pallly

Specific
auumﬂnuuuma
from ¥Mn0, mho x 107
Q@ 280 €.

Total

pH carbopates apmonis phodphptos .chlorides psulfotes

): 358

Bottom
Mid-depth
Surface

Botton
Mid-dapth
Surfave

Botiom
Wid-depth
Surface

bty
LR o

oy

[ R

b ]
LB

+0
-0

BEB

BRR
DR
oo

az,

8.01

5.92

T 5,70

6.0L
5.92
.44

SeS4k
5.85

5.55,

-

8900
7050

50
7300

a66

369

326

g 10+ T ST
#* Bigh tide B:14 M




Table 22

Water charecteristics of the Delaware River, Bridgeport. New Jersey ssction*

October 21, 1946, High tide. Sampling started at 10:10 pM*»

Speeific
Sample Position Temperaturs Dissolved conductancg
Station position  desigmation degraas oxygen mho x 107 vH
Centigrade _ p.p.h. at 259 ¢.
New Jeraey
alde Bottom A 1 16,8 0.61 1,600 6.83
Mid-depth A 2 18,7 0.80 1,438 6,80
Surface A 3 18,7 0.95 1,210 8.58
Mid-chennel Botiom A 45 -, 18,8 0.21 2,140 7.70
Mid-depth 4 55 16.7 0,58 1,905 7.88
Surface A 65 16.0 0.79 1,850 7.70
Pennsylvenia .
side Bottom ALl 6.7 0,11 1,720 8.4b6
Mid~depth A 11 18.9 0.62 1,860 8.50
0.63

Surface Al2 i8.9 0.4 1,715

* Section A on mapa.
**% High tide at 10:11 AM R

15898,




Table 23

Weter characteriatics of the Delaware River, Bridgeport, New Jersey section®

Specific
Semple Position Temperature Disaclved conductancg

Station position designetion degrees UXygen mho x 107 PH
Contigrade  P.D.H. at 25° ¢
October 21, 1848, Tide half out. Sampling astarted at 1:15 Fliw
New Jersoy .
sids Bottom A1l 15.4 0.38 664 6.60
. ¥id-dspth A 2 18,7 0.20 632 8.62
Surface A D 18.5 C.46 622 46,68
Mid-chennel Bottam A 45 17.2 0.12 880 8.80
Mid~-dgpth A 5% 17.0 0.38 045, 6.04
Surfacs A 85 17.0 Q.08 874 6.63
Ponnsylvanie
* slde Bottam A 10 7.0 Q.17 1,190 6.84
Mid-depth Al 17.0 Q.29 1,108 5,67
Surface A 12 i7.0 0.28 T 1,117 6.65
i . .
Oetober 21, 1046, Tide half in, Sempling started at &:05 P*s
Mid-chammel Bottom A 45 16,7 0.04 432 6.81
¥id-depth A 55 18,7 0.29 422 6.85
Surface A 65 18.7 .12 422 8,80

* Sesction A on maps

% High tide at 10:11 AM
% fow tide at 4:59 PM

15998




Table 24

Watbr ehmcteriética of the Deslawars Hiver, Bridgeport, New Jersay section®

October 21, 1946. Low tide., Senpling started at 4105 TU™*

Specific
Sample Position, Temparature Disasolved conductanes
Station position  designation degroas oxygen mho x 10-6  pH
Cantigrada. D Dalle at 25°% C-
“t Mew Jarsey : }
alde Bottom A1l 18,7 032 607 8.73
. Mid-depth A 2 16,7 0,12 810 6.8%
Surface A B 18.7 0.20 805 5.80
Mid-
‘] channel Bottom A 45 16,7 0.12 441 8.72
Mid-depth** A 55 18,7 0,46 439 8,76
Surface A 85 16.7 C.19 408 B.73
Ponnayl- -
| venia Battom A 10 16.8 0.186 591 €73 -,
side Mid-depth Al 16.7 0.0¢% 584 5.70
Surface A 12 16,7 0.37 486 G475

* Section A onm mapa.
** Thia sample carrisd 3.3 p.p.m. 504, 53 p.p.ms €1, 0.19 pap.ms PO,
7+2 DuDol. Mg and 20,8 popoma. Ca.

*** row tide nt 4:50 PM 15678




Table, 25 -

¥ater characterisiics of{je Schuylki]ll River
Penrose Ferry Bridge, Philadelphia, Pa, section®

Lo ’ - Speglfic:
Semple Poai tion Temparature Dissolved conductense . ..
Station  position designation degress oxygen rho x 10-8 pH
‘ Centigrade DeDults &t 250 ¢ o
October 24, 1046. Low tide, Sampling mtarted at 8;15 AM
Ma - ( o
‘channel Bottan D35 18.0 0,00 . 379 6.80
Mid-depth D 25 T 18,7 0.00 473 6.80
Surface L35 19.0 0,00 493 8,80
Qctober 24, 1946, Tids half 'in. Sempling started at 10:15 AM :
Mid- e
channel  Botiom D15 . 18,0 0.00 350 8,78
Mid-depth D25 18,5 0.00 400 8,77
Surfece D33 " 18,8 Q.00 . 420 8,77 :
Cctober 24, 1948, Tide high. Sampling started at 1:00 FPM
¥idew '
channel Boitom D15 15,9 0.04 317 6277
Mid-depth D 25 18,1 0.02 348 6,77
Surface D 35 17.2 0.06 439 8,77
15899

*Secsion D on maps.




Table 28

¥ater chareotoriatiéa of the Delawsre River, Riverton, New Jerasy section®

15898
e - Specifio [
Semple Posidion Tempersture Diasclved oonductance
Station  position  designation - degrees oxygen mho x'30°® E
e - Centigrade _ p.p.m, at 25° ¢
October 22, 1946. High tide.' Sempling dtertéd at 12:30 PM.
Mid-
channel Bottom -4 18.0 D.95 188 4.68:
Mid-depth -5 16.2 5.15 191 8,98
T R Surface 8 18.3 498 194 8.97
) RE W . #
Cctober 22, 1946, Tide half out. Sempling atarted at 3:30 PM
1 Ma- : ‘ V
c¢hannel Bottom -4 15,7 .41 174 705
Mid-depth -5 15,5 8401 ATS 711
Surrace i) . 16,4 8.07 1?7 7,14
‘Ootober 22, 1948, Tide low, Smmpling aterted at 7:00 PM
M-
| ‘channel #Bottom P-4 15.3 8.86 73 7.20 .|
’ M1d-depth** F=5 15.2 8.88 . 17 7.28 7}
Surface r-6 15,0 8491 174 7.801

L Sacticn F on mapa,
** “15 Bample carried 14,3 PoPalls 30 8.5 r. p-m- 01,, O.llp.p-m. P04$
3:4 p.p.m. Mg and 16.5 p.p.m. Ca.




Tahle 27

Water charmotesristics of the Delaware River, Peunsyille, New Jersey section’f

154998

Specifie
Seample Position Temperaturs Dissolved conﬁuctanga
Station position designation dsgrees oxygen mho x 107 pH
Centigrads PeDama at 25% ¢,
October 19, 1946. Low tide sampling started at 2:35 P.M.**
Mid-
channel Bottom J-4 17.4 2.54 i91 6.83
Mid-depth J-5 17.8 1.57 37 6,88
Surface J-& 17.7 1.71 254 8,886
Octover 19, 1946, High %ide sampling started at 7:45 P.M.
Midw '
chmanel Bottom T4 16.8 6.45 8,720 7,35
Mid~depth J-5 17.1 5,52 8,%720" 7.28
Surface J-6 17.0 6.28 8,450 7a34

*Sgetion T on maps

*$Tow tide at 1:33 BM: high tide at 7:23 PM

Table 2B.

.

water charscteristics of the Delawars River, Bordentomn, New Jersey soction*

October 20, 1946.

Low tide sampling started at 5:25 F.M.**

15898

. . Specific

Seuple Position Temperature Dissolved condustandae
Station position  desigmstion  Centigrade oxygen , mho X 1006 M

degroes RoPele at 25° C.

Mid- .

channel Bottom L3 13.8 8,73 223 7.53
M d-depth L2 13.5 8.B2 159 7,53
Surface L1l 13.5 9.10 157 7.50

¥ Section L on maps
** 1ow tide at B:41 PH



