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INTRODUCTION

It has becoms increasingly more apparent that the distribution and
population of orgenisms increases or decreases ﬁepenﬂiag upon the
ecological balance dataﬁli;ha&‘beawsan'ﬁhé:oéganiams Qnﬁ their environ-
ment. The purpose of‘thig‘;taﬁy was to determine qgﬁntitativq;y and
quali%atzﬂely the distribution of plankton in the Patipaca ﬂiﬁgr‘anﬁ
its triﬁ&tarias. To schieve this end, the physical and chemical fac-
tors of the area under investigation were studied and correlated with
the biological findings. Thavphyaical and chemical factors considered
were: temperature, pH, chlorinity, mm, carben diexide, ailics,
phospha%éa, soluble iron, insoluble iron, ferréua salts, total iron,
nitrates and nitrites. ‘

The area studied can be described as that part of the FPatapsco
River éxtending from Seven Foot Enoll Lighthouse up to the North West
Harbor and Middle Branch, BStations were set up at points along the
river and its tributaries. The stations, were arbitrarily divided
into two categories; namely, shore atations, which bear Arabic numbers
and off shore statione which bear Boman numbers {see Plate I), The
shore stations and locations are given in Table I.

It will be noted that the ssmples collected from the shore were
taken only from the surface, whils those collected from the off shore
gtations were taken from the surface and at fifteen feet; except at
those stations where the depth was less than fifteen feet, in which
case the samples were taken frenm tha bottom. The depth of the
Patapsco River ranges from 1 to 38 feet., The greater depths sre found

in the channel arsas. However, in no case was a shation placed



directly in a main channel, since the passage of craft might create
conditions which were atypical., The floor of the river is varied
ranging from a hard rock bottom to a mud soft bottom (Table 2).



TABLE 1. Description of Stetions and Locations

Station ﬂuﬁb&r ~ _ ibcatian ‘

Station )

Chester and Alicesnne Strests, plor
D.E, Foote Company, tanners

Statien 2 Boston and South Hnwood Streets, pier

Station 3 Canton Pier, Pennsylvania Nailroad

Statiocn 4 Colgate Cresk, off bridge

Station 5 Sollers Point y Off mud flat

Btation 6 iiamphmya Creek, off highway bridge

Station 7 $§arrwwa Point Shipyard, pler 1

Station 8 Fort Howard Veterans Hospitel, pier
south of lighthouse

Stetion § Snith Cove, pler

Statioen 10 Hanover Strest Brldge, mouth of upper
branch of Patapsce River

station 11 Maryland Drydock, Pier 5

8tetion 12 Wagners Point, pier, Eastern Box
Factory

Stetion 13 Isading Point, pler, U.3. Quarantine
Station

Station 14 Rawkina Point, pier, U.5. Reservation

station I 50 feet west of #1 spar bouy &t Fort
iieﬁmrf

Statien IX 200 feet south west of flash bouy #17id,

Station 111

Fort. HeHeory Channel

50 feet east of white spar bouy at
south east corner of #3 anchorage

Station IV 300 feet sast of beacon-channel leading
to Gas and Electric Company, Sollers
Poink

Station V 100 fest south west of #3 spar bouy at

Bear CQreek



TABLE I Continued Description of Stations and Locatiens

Staticn Number

Location

Station VA
Station VB

Btation ’%‘
Station ¥D

Station VE

Station VF

Station VO
Statien VI
Station ﬁI
Station VIII
Station JIX
Station X
Station XI
Station XI1

Station 111

600 feet south of state highway draw
bridge, Bear Creek

1000 feet above the mouth of Paach

. Orchard Cove abeam City Duck

1500 feot due north of mud flat at
Watersadge Park up Bull Neck Creek,
mid stream .

1900 fest acuth sast on Grays Creek,

. abgam building on 1&2‘@ smo of cresk,
ald stream

1000 feet due east of railrosd draw
bridge, Bear Creek

Bear Creek, mid stream, abeam mouth of
Chink Creek, off south east courss from
ehink creek

200 feet south of highway draw bridge,
mid stream of Besr Creek

200 feet east of #4M Flashing Bell
bouy south of Fort Carroll

400 fest north of CB Flash bouy,
Brewton Channel

4 mile south wast of Millers Island
Range lighthouse

ID00 feet north west of Seven Foob
Knoll Lighthouse

1000 feet west of #7 Can Bouy, mm
Creek

300 feet south west of #2 Flash bouy,
Rock Cresk

100 feet north west of #3 Can bouy,
Stony Creek

200 feet norih west of #6 Flashing
Bell bouy



TABLE . Uontinued Descripiion of Stetions and Locetions

Etation Numbay

Location

Station XIIIA
Statian X118
Statien XIXIC
Station XI11D

Station XI11E
Station XIIIF

Stetion X1V

Station XV

100 fewt east of #11 Can Bouy, Guriis
axfuqk

100 feot east of #15 Flash Rouy, Curtis
Creek

200 feet south of Railread Bridge,
Gurtis Greek

feet east of Thomas Point, CGuprtis
Gresk

1% miles of Purnis {reek, mid straam

14 miles uwp Marley Creek, 100 feet eust
of sanken barge

i00 fest seuth of #17 Flash Bouy, Fert
Covington

1000 fest east, ssuth east off Ferry
Bar Bescon




TABIE 2. Depth and Bottam Composition at Stations

Station Number Depth_____ __ Bottom Compesition

Station I 20 faet Hard
Station I1 22 feet Nard
Station IXI 22 feet Hard
Station IV 16 feet Hard
Station ¥ 15 feet Sticky
Station VA 16 feet Soft
Station VB il feet Soft
Station VC i feet Soft
Statien VB 12 feeot Soft
Station VE 15 feet Saoft
Station VF 1L feet Soft
Station V& 12 feet Soft
Station VI 19 feet Sticky
Btation VII 19 feet Sticky
Station VIII 17 feet Hard
Station IX 6 feet Hard
Station X 13 feet Hard
Station XI 12 feet Sticky
Station XI1 15 feet Stieky
Station XI1IX 18 feel Clay
Station XI1IIA 25 feet Sticky
Station XI1IB 17 feet Sticky
Station XIIIC 21 feet Soft
Station XITID 1z feet Soft
Station XIIIE 12 feet Soft
&tation XIIIF 12 feot Soft
Station XIV 15 foet Sticky
Station XV il feet Sticky




CHAPTER 1
REVIEYW OF LITRRATURE

Temperature., In any study of thia nature, the role played by tem-
perature is of paramount importance. It has becoms an established fact
that temperature acts as a conditioning factor relative to the seasonal
as well as vu#t;cal ﬁiatvibutinn of plankton. Further; it is reported
to influence such activities as body growth, regwb&ﬁction, migration of
some fish, etc*i B&nansa‘af theae, £emp§ratura is always included in
a paper such as this, So much data is reported on this factor that it
would be impractical to review all of the»;iterature, & few pertinent
invea%igat;ana folzaya ‘ ‘

The temperature at the mouth of the Chesspeske Eay was reported by
Cowles to range from ka&GQm to 2790 C., while the rangs near Baltimore
was between 9.0°Ga to 25&%.2~ The maximus temperature of the surface
waters of the Baltimore srea appeared in August with a high of 24.89C,,
and a minimum of .3%., recorded in January. The highest temperature
recorded from the bottam waters of the Baltignro region was 24.4°C. and
+9%C. occurring in Augu;h and Jaauary respectively.

The seasonal trend of the estuarine waters of the Chesapeake Bay

was characterized by Newcombe by a rise in temperature tr&m,ﬁarch to

i : .

R.E, Coker, "Influence of Temperature on Forms of the Freshwater
gopepod, Cyclope vernesles, Fisher", Internstionale Revue der gesamten
Hydrobiologie und Hydrographie. 30:411-427, 1934 '

2 ’ :
E.P, Cowelos, "4 Biological 3tudy of the Offshcre Waters of
Chesapeske Bay" U.S,D.I. Buveau of Figheries Bull., 1091:278-381, 1930.

r

E i° .



L .
August, The maximum temperature being reached in the latter month.

The sscent in Samperature during June and July appeared to be less
sharp than in the w&ai&ing xontlis, The descent of tempereture is grad-
ual in September and much more declided in the last two months of autumn,
The surface water tsaperature is lower than the bottom water from the
latter part of September to the second week of April. Newcombe found
tket an eppreciable vwistieé in tespersture conld occor within a short
period of time, this being a result of water uwmm{m The greatest
differsnce between top and bottom Lemperatures appear in the suwmoer,
with a nermal differsnce of 3,0°C. Ia their investigation of the dise
tribution of the phosphates ia the Chesapeske Bay, Nawcombe snd Lang
noted that the seasonal tt@anhure changes 'wure sccompanied by corres-
ponding changes in chlorinity and dissolved ‘m;aa eanesntratiamf

In the lower Patapsco River arsa Olson, Brust and Tressler found
that thermal atratification of the water was not prasent to any appreci-
sble degree; aince the region investigated was neither ssline nor dup.a
The difference betwesn surflace water and botiom water did not rise
sbove 2.0 €, in sumser and 4.0 €, in winter. The investigstore reported

that the pollution facter of the reglon was affected by the elevated

1
G.L, Newcombe, W.4, Horne, and B.B. Shepherd, “Studies on the
Fhysica and Cheristry of Estuarine Waters in Chesapsake Bay®, Journal

2 |
C.L. Hewcombe and 5,G. Lang, “The Distribution of Phosphatas in
The Chaesapeske Bay®, Proc¢. Am. Fhilosophical Soc., 81:393-420, 1939.

3 ,
- 3R.4. Olson, H.F. Brust znd W.1L, Tressler, "8tudies of the Effscts
of Induatrisl Pollution in the Lower Patapsce Biver Arves®, Chesspeake

Biologicel Laboratory Publiecation #43:11-40, November, 1941. '



summer temperatures, e.g., influence of dscomposition rate of river
effluents, respiratory and growth rates of plankton and dissolved oxy-
gén index.

The air tempersture remained higher than the surfaea_sﬁtar tempora=
ture of the Patuxent River from the latter part of #anuary.until the
latter part of Jnne.l Otherwise, the gir temperatures were lower than
the surface water., Nash further reported a simultansous declize in the
temperaturs of th% surface and bottom waters occurred in early August.
An overturn made its ayﬁearan&é from September to December, completely
concluding in March., Upsireas seasenal temperature changes began sovoner.

Hydrogen~Jon Concentration, -Hydrogen-ion data has been an iapor~

tant part of many ecological studies. Investigations of this nature
have becn comprised of limitaa readings on a particular body of water
or more comprshensive studies consisting eof many determinations over a
long period of time, Comprehensive studies enable one to obtain a
whole picture such as variations resulting from seasonal changes, pH
varistions are the result of two principal factors: biological and pol-
lution., The value of the knowledge of the hydrogen-ion concentration
is twofold, e.g., functioning as an index to &nyiraﬁmantal conditions
and acting &s a conditioning factor in the periodicity of phyteplankton,
Changes resulting from the blologieal factor ars brought about by
phytoplanktonic extraction of carben diexide from bloarbonates ﬁ}ss&l&aﬁ
in the water in the photoaynthetic process. The removal of carbon

dioxide from the water yields an environment with a higher pi.

1
C.B. Nash, "Envirommental Characteristics of a Eivar Estuary®,
Chesapeake Biolngieal laboratory Publication £#64:147-174, Dec,, i?h?‘



Processes which tend to add carbon dioxide to the water such as res-
piration, decomposition, and the dissolving of atmospheric carbon
dioxide in water; lower the pH value of the water,
normaliy; the pH range of natural bodies of water is wide, ranging
from & pH of 4.0 to 10.0. & pH lower than 4.0 has been reported in
bog lakes or lakes from which the water is derived from volesnic éanrcus%
Readings above pH 10.0 are recorded raqgiting from waters stemming from
volecanie rock containing aédium Earbcnaﬁeﬁz
In eertain brown laskes and other lakes of nmortheastern Hiaeonsin,
Juday and Birga ‘found that thc hydrogen«ian concentiration ranga was
approximately the same; bethen 4.9 and ?;&% These same investigators
and Meloche noted an acid reéétiéb éf the anﬁ?&ée waters of 93 per cent

of the seepage lakes ranging from pH 4.4 to pH 9.4. The variation

between surface and bottom was from 0.0 to 2.6. ‘The hydrogen-ien

1
K.B. Jewel and H.W, Brown, "Studies on Northern liichigen Bog
Lakes", Beology, 103427-475, 1929.

2 _
P.M., Jenken, “Heporte on the Percy Sladen Expedition to the
Soin Bift Valley lskes in Kenya in 192%9. I Introductery Account of
the Bioleogical Survey of Five Fresh Water Alkaline Lakes™, Aan Mag,
ﬂatf vﬁiﬂtg > 93533”"553, 1932%

3 ‘
¢, Juday and E,4,, Birge, "Dissclved Oxygen & Oxygen Consumed in

the Lake Waters of Hortheastern Wisconsin®, Transactions of the

Wipconain Acadeny of Sciences, iArts and Lcttera, XXVII1415~486, 1932,

4
¢, Juday, E.A.Birge and V,¥W. Meloche, "The Carbon Dioxide and
Hydrogen-ion Content of Lake Waters of Northeastern Wisconsin", Trans.
of the Wisconsin Academy of Sciences, irts and letters, 29:1«82,

1935,
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concentrations paralleled the bound carbon dioxide, free carbon di~
oxide aqﬁ caleium concentrations. A pH range from 4.6 to B.4 was
recorded for Helmet und Gcononiowoc Lakes raapectivalyel

ﬁaakaain Lake demonstrates liitle variation in hydrogea~i¢u con-
ﬁentrgtiaa;£ Rawson :qqgrdqd the pH of the aurtaée watér}aa approXie
mately €.2, ﬁe found that the pH of the bottom waters increasges in
September with the advent of the autumnal circulation and. remained more
or less constant at &.1.

Investigations of estuarine waters of the ﬁﬁgsepe&ke Bay Qaar
Solomone Island demonstrated that ‘the hydrogen-ion concentration is in
dirsct nggeamgnt with the 1ncréasing chlorinity factor found in the
more saline waters of ﬁanﬁstregmha This same accord is found in the
vertical increass in salinity. The work of Nash conducted on the
astuary of the Patuxent 8£§sr confirms the pH characteristica of’ﬁh@
arca investigated Q} ﬁruat.h Nash found the pi of tpsfsﬂrfaee water

is always more alkaline than the bottom water. The minimum range of the

. 1 “ '

C. Juday, E.A. Birge and V,¥, Meloche, "Chemical Analysis of the
Bottom Deposits of Wisconsin Lakes II. Second Report®, Trsnsactiens of
the Wisconsin Academy of Sclences, Arts end letters, 33194104, 1946,

2 .
D:5. Rawgon, "Physical and Chemical Studies in Lakes of Prince
Aloert Park, Saskatchewan", Jour. of the Bicl. Board of Canmda, iI,

‘#3:227-283, 1936.

3 .
H.P, Brust and C.L. Newcombe, "Observations on the Alkalinity of
Estuarine Waters of the Chesapeake Bay Near Solomons Island, Meryland.®
Jour, Har, BRes. III, #2, 1940.

A .
C.B. Rash, "knvirommental Characteristics of s River Estuary®,
Chesapeake Biol, Lab., Pub, #64:1&7*1?&, Lec, 1947,



bottom water (pH 7.5) correlates with the period during which the
dissolved oxygen factor iz lowest, that being from June to August
inclusive, | |

The pH %aluas of Weatern Lake Erie were reportad by Chandler to .
range from pH 7.5 to pH 3.&.1 The maximum pH was reached from July to
Ugtober, the minisum from November to April, Although temporary ther~
mpcliﬁeafwura present, a comspicuous variation in pH was not observad

vertically.

in Suékgye Lake, the highest pH value was recorded in ﬁggéat
{pH 8.9) the lowest rga&ing'ﬁaa obtained in July (93-7‘3>‘ﬁ The hydro~
gen~ion agnzantr&ticn:waa roughly in inverse proportion to the free
carbon aloxide.

Nuch research has besn conducted relative to the effoct of the
hydregen»iaﬁ cancagtratian upon plant and animel aguatic forms., Dally
investigating Leke Michigan 4in the vicinity of &vanaton, Illinois,
found that thg pH range varied from pH 7.4 to.pH 8.4 through the entire

annual cycle. He is of the opinion that hyﬂrogen»iaa concentration

produces a negligible effect on phyﬁoplnnktan seasonal periodicity.

i
D. Chendler, "Iimnolog ical Studies of Western Lake Erde", Ohlo
Journal of Sciunﬁa, XL, §6e¢91»336, 1939,

2
¥, Trasalnr, L. Tiffany and W. Spencer, "Limnological Studies of
Buckeye Lske, Ohio", ﬂhia Jour:. 8c1. XL#53261-290, 1940

3
. L. 7¥ .18 ﬁaily, #a Quantitative Study of the Phytaplankteﬂ of Lake
ﬁiehigan collscted in the Vicinity of Evanston, Illlﬁaia”‘ Butler
Univar&ityfﬁaznnioal Studies. 4(6), 1938. ;
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The sffect of hydreges~ion sencemtration on the pepulation of any
spacie, exeluding ¢illates is saprebiotic haditats, is guestionsd Wy
lhwmnmmi

Risstand snd Nule comoluded that the rats of axygen conmwmption of
;u%mpw welluscs ix in direst pmpartiaa % the Mydrogen-isn comesn~
tmum. Ryaan, lixewiase feund that this relationship alss wxists in
l’laurit,s whils Nzll maintains that inereasing the pX tends $o chaok
she exygen cemsumption eof paffer tiskf

PR veluss as lew as 2.8 wore fousd ln the peliuted arass of the
Curtis @wtk.s These acid resdiags were s result of direct wasts acid
dispessl. Veluss less than 4.5 impaired sctivity and grewth of plank-

.tsmz-c forms. Olsen concliudes thai diatems and protosea wers pertisular-
ly sensitive to low hydrogen lon conceatrations ever a shert iime, while

algse wers not quite as semsitive.

L
G, B, Autchinsen, "Ecological Aspects of Suscessien in Natursl
Papulations”, imeriesn Faturalist, IXRV:iL06-418, 1941,

3

W.A. Hisstand ard DL Sels, "Setpiration Studles with Fresheaier
Helluses: 1I Cxggen Compurptien ia Melstisa o Spdregem-ien {oncentra~
tien®, Proc. Indisma Acad, Sci., 47:293-298, 1938

3 o
LM, Hymen, *Ga the Action of Jertein Sxbetences on OQxyges Cene
ssuption: VI, The Aetion of Acida¥, Blol. Bull. 49:388-3%2, 1925,

b
2.6, Bsl), "The Islluence of Yerying Oxygen Yensisa Upon the HEste
of (nygea Consumption in Marine Pishes™, Am, Jour. Physiel. 93s417-421,

1936,

5

Ribe Olaen, H.f, Brost aod Wel. Tresaler, "Studies of the Kffeats
ef Industrial Pollutien im the Lower Fatapace ver ires®, Chesspeske
Blolegival Laboratery Publicatlion 943:ilekC, Nowenber, 1341,
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Iittleford 1s of the opinion that the taxicity of copperas to the
Feur~3pincd Etickzsback, ggelte guadraocua » 1o a result of 2 lowering
of the pH of ‘the aelatian.‘ The decrease in toxicity noted to ocecur
with a lowsring of the tampayature'of the concentration can be correl~
ated with a corresponding lack of decrease in the yﬂ of tha splution.
The difference existing in th@ pﬁ of the solutions at 1aw and at high
temperatures results from differences existing in the speed of the chemie~
cal reactions that take place when copperas is added ta«ngter. Copperas
diiutions having a pH less than 5,00 are toxic to the stickleback to a
greater or less degree over very short periocds of time, Concentrations
between 5.00 and 5.70 have the per cent survival increased to sixty per
cent, In those cases where the pH is 6.00 or over, one hundred per
cent survival was obtained.

in caa@entratiens groater hhan.z;@ﬁﬁ parts per million, it was
obaervéd that death was hastened by the formstion of a thick, slimy scum
on the gills of fish. This condition has been okserved by many workers
and is adeguately discussed by Ellit;g therefore, no extendad die~
cusalon is needed., |

The lethal action of @cllatanis has be@n considséeé by Bllis to be

of two general types: (1) external action by a combination of chemical

1
R.A., Littleford, “Survival of Four-Spined Bticklebsck, Apeltes
guadracus, in Copperas Dilutions”, Unpublished, 1-8.

M. EZllis, "Detection and Measurement of Stream Pollutien"”, Bull.
U.8. Bureau of Fisheries. XLVII165-437, 1937.



1%

| | b
ent physical dnjurdes, and {2) internsl scbiom, or trus toxic sesion,

liﬁ ssens Ibely from "'&hs dnta mﬁnt-ﬂ Wt the lethal effeet of
copperas ia the result of chemicsl snd physical injury rather than Srue
toxde action, Fish m:yt besn kept ".‘Zsu- thres or four menths in solutioms
of 125 amﬁ 500 parts per alllion ﬁ#&mt any nmai*mt ﬁmm %o the
urxanﬁwf

Chlorinity. The asline #h&i%%ﬁﬂ*i#%ﬁﬁ# eof any aguatie savironment
is of primary lsportance in that the degree of sslinity is ome of the
xxaﬁn whioh Sehiermines the ecological organisstion of any aquatic
envirommant., Mthw, sines this factor is vardable, 1% is imsportant
that the rangs of variability, facters iafiuencimg the variedility, and
ths periods of variability all be studied. Binoe ths melhoed of arrivieg
&% salinity is obtained by chlerine tisration, this factor is by sone
awihors expressed as ghlopiaity.

Frobably the most comprshensive studies of salimily 52 this aress

. 5 4
have bBeon dome by Bells, Bailey and Berderaon Lirst, sad later by Cewles, -

b .
¥. Ellis, "Detection and Neusurement of Atreaa Pollutien®, Buil,
U.8. Baresu of Fisheries. XLVI1:65-437, 1937,

& :
Rode litsloford, "Survivel of Fowr-Spined Sticklebuck, Apsites
draews, in Copparas Dilutiona,” Unpubiished, 1-8

R0 Wells, E.X. Beiley end B P, Hendbrasom, "Salinity of the
Watsr of the Chesapeske Bey®, Uspartasnt of the Interior, ¥.8, Geol,
Bupv,, Frsf. Peper 15401105-152, 1929,

[ _
K. 7, Comles, *h Blolegical Btudy of the Offshore Beters of the
Chesapeaks Bay®, U.5, Dept, of Commarce, Bur, Finh, Mell. XLVI, ¥109i:
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It wan noted by ‘#tlisf ami obhers that the chlorinity of the Chesa~
peske decrassed from the south of the bay te fts head. 1% was further
cheerved that the sast side of Che bay tended to huve waters which wers
sore saline than these on the west side.  Yhe desper waters were nore
soncentrated relative to this factor than were the ssrface wabera,

The foregoing was lster cenfirmed by Cewles, The raage ef chlore
inity ef ths surface water was 4.7 {Nead of ike bay) to 28.94 (mouth of
the bay). The range of chlorisity fer the hottom waters wae 6,00 %o
17,00 (Beltimere area) and 26,32 (mouth of the bay). The minimus
salinity point eeeurs in the spring, ths concentratien imcreasing pro-
gresslvely durdng the summer and fxll; fimslly ra&eMag & maxdasu in
wizter, Cowles points cut ihet precipitation axerta a negfligible offech
on bay sslinfitien,

in the environs ef Selomens Island, it wes found that wide vari-
sticas exiated relative to aslinitles of the surface as well as betton
num.l The ah;ﬁr&ﬁ%: rangs of the surfsce water was batwesn 4=8, the
sexinoe being attained &ttﬁeﬁa Getebis 2nd Decsuder. The rangs of
sklipity of the botiom was mawg g amd 13. e investigators fonnd
that such fasters an tides sad rainfall 4id ewert & siguificent difference
on whe ehloriaity of this eres. Subsequent Lnvestigatisse in this ares
Flalded ainil;r resulits ia ﬁaaz tlu mineral surfsce figures for chleriaity
ave resched und waintained doring the spring mnﬁhs.ﬁ The upwand trend

> el

i A

Gl Newconbe, %,i. Boras and 3.3, Shephard, “Studies on the
Frysios sng Chemiastry of Estusarine Wabers ia the Cheanpeaks Bay?, Joure
mal of Marine hagesrch, II, 2:87-116, 1339,

2 . -
Colie Newomibs and 2.6, lapg, "The Blstrilution of Phosphates in
ths Cheaspeake Bay™, Proesedings of the Aserissn Fhilessphical Sselety,
a1, #3:393-420, 1939, '
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coxmences in Aﬁril resching a peak during November and Decesber. The
highest chleorinity readings for the bottom waters were obtained lauter
in the summer. It was noted that the lighi;ar; lees saline waters from
the bay tributariss made their grestest movement over the spring and
summer montha.

In the ﬁur%ﬂ.s Bay region, Qlzon found insignificant differences
in Mlmiw.l The gradient existing between the stations is inconse-
quential., 4 ainimum velue of fé.d was recorded for Msrch snd a maximum
of 8,0 in September. As ’gmld- be expected, stratification was present
only &t the deepsyr stationa, X

A direct relationship was aba&wd by Nash between light penetration
and salinity. Increased light penetration cccurring downstream is
sccompanied by an increase in c&nriﬂih}sz ‘his sgrecaent is applicable
to seasonal as well as vertical salinity,

Oxygen., The value of dissolved oxygen in aqustic environments can-
not be overastimated, In any habitat accomodating plants and animals
there exists an immediate interplay of facters in which the animals
and plants utilize the mgeﬁ for ﬁhai‘r respiratory process and release
carbon dioxide as s byproduct of their metabolic activity. Fhytoplank-
ton, as& in all plant forams, is predominantly anabolic and hence requirs
largs gquantities of carbon dioxide for the photosynthetic process, the

1

R.A+ Olson, B.F. Brust and W.1L. Tressler, "Studies of the Effects
of Industrisl Poliution in the Lower Pabapsce Hiver Araa“ Chasapeske
mﬁ‘)}m Lﬁbt Pubﬁ ﬁ&Bt l&@, Kﬁvmmr &?‘&-lt

2
C.B. Hash, "Bavironmental Chavacteristics of s River Estuary”,
Chosapsake Biol, lLab, Pub, #éLalL7-174, Dec. 1947.



procesas by_ghich this is accampliahed.

| The relé'played by carbon dioxide will ba givcn snbaequently.‘ The
oxygen necessary for the ka&abalic process ot aquatic organisms and for
the decomposition of certain camghﬁﬁdsjis obtained by thst atmospheric
oxygen which enters in$a a9lutien and by that oxygen which is made
avallable as a byproduct efvphotaayathﬁtia,nativi%y; 4ll conditions
being equali, the three facters: axygen, carbon diomide and plankton
form the triangle of aquatic life; anyone of which if found wanting,
causes this triasngle to cease existing.

Uxygen consumption was noted by Hall to be greatly increased by
higher tamparaturas‘l Hie further found that oxygen consumption was

retarded by an increase in hydrcgan#iun ¢cneentratian; ﬁisAresults
tend to show that marine fish take apgrcximately 46 per cent of the
dissclved oxygen from the enviromment.

As & result of an investigation of 510 lakes and lak&leta in north~
eastern Wisconsin, Juday and Eirge concluded that the disaalved exygen
content of the surface waters ranged from 3.4 mg. to 12.& mg/i. of
water., As would bg.axpacﬁad, bog lakes were oxggenwpoara The degree
of oxygen consumption was in close agreement with the quantity of

- vegetable extractives. The presence of the latter is indicated by the

brown color imparted to the water.

1

F.G, Hall, "The Influence of Varying Oxygen Tension Upon the
Rate of Oxygen-Conmpumption in Marine Fishes”, Am. Jour, Physiol.,
88:213-218, 1929,

. o
C., Juday and E.A. ﬁirge, "Dissolved Oxygen and Oxygen Consumed
in the lake Waters of Northeastern Wisconsin®, Transaction of Wisconsin
Academy of Science, Arts and Letters, 27:a1§n&$6, 1932,



19

It was demomstrated by Rawson, that because of the bottom oxygen
consumpticn, the oxygen deficit appeured greater than is ueuslly sx~
pected in the thermocline of the body éf water mv“t&guﬁaé} The &x~
haustion of oxyger-supply im deaper waters was sxtrems during the
period of winber stagnation. ﬁw oxygen range in boitom waters at mrid-
summer appsared te bs inconsistent from year to year.

Definites oxygen stratifiecstion in cerm reéglons of the (hesapeake
my was observed by Newconbe and ﬁa:‘m. This stratification tended to
loose its identity im the upstream aress. Stratification of oxygen
. was found to exist from the first of June uatil the first of October.
The concentration of'éxygm of the upper layer is approximately 6ce./1.
\‘Z‘rw concentration at & depth of 10 &cﬁérs' is approximately 2cc./l. while
that of the bottom is imperceptibly low., The oxygen~poor Lottom layer
is accompanied by a high saline concentratien sbove which the chlorinity
decreases iz concentration as the oxygen conceatratien imrusoé." A
saturation of 150 per cent was reported in J&mﬁary in the bay mt‘ore.:’
This high figure was explained by tba'pmumavot an a-b;mdmm'nf'ghyte-r
‘plankton. In sukmer, a 33 per cent satursticn was reg:artné§ this con-
centration wis & result of surface-bottom mix.ing. The oxygen valuss
for the bottom waters wers progreasively lewer from June to August; the

lowest, value was obtained in the latter menth,

3
D.8. Rawzen, #Phyeical and Chemical Studies in Lskee of Priance
Albkert ?&"k, w’a‘katch‘”‘ﬂ“ Jour, ﬁ@h B, {:mda, IX,;B:EE?*QB}, 3»93&1-

.2
C.L, Newcombe and %, Horne, "Oxygen Poor Wasera of the Chesapaske
Bay", Science, 88, #2273:380~81, 1938.

3

Cole Newcombe, ¥. Horne and N, Bhppherd, *Studies on the Phyaics
and Chemiatry of Estuarine ¥aters in Chesapeaie Boyt, ém&&* Kor. Rea,,
2:187-116, 1939,
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A variation of dissolved oxygen frem 1§.9 p.p.m. (in March) to
5.0 pepoms (in late summer and aériy autumn) was observed byi&?handl&r
in weatern lLeke Ez*ie.x At times, a positive or negative deviation from
the normal velue occurred which was 15 proportion to the plankton or
detritus content of the lake. A variation not greater than 2.0 p.p.m.
8id not oceur betwesn the surface and bot tom waters.

The waters of Buckeye Lake were found to be bountifully supplled
with ox,ygsn.g The lowsr valunes were found to occur in the warmer
summer months, this being in conformity w.ith the laws of reciprocity
betwesn gases end the water-absorbing capacity of these games. The pr
sst oxygen value (1.4 p.p.m.) occurred in a bog hole.

A seasonsl variation of dissolved oxygen concentrations in surface
as well as in the bottom waters of the Patuxent River was noted by
Nash., The descent of oxygen values of the surface water began in
March and reached a minimum of 2.3 c.c./l. in August. The bottom waters
also demgonstrated a comparable seasonal wrz}.atitax_x with phe ex&qpﬁioﬁ
that minimal values were found to occur in June. It was also found that
a surface-bottom variation of .3 ¢,c¢./1 existed during the overturn

period and that this variation incressed to 2.2 ¢.c./l. curing the latter

months of spring and into éaz:;},y summer,

i
. P. Chandler, "Limnological Studies of ¥Westera lake Brie", Ohioc
Jenr« 3¢ia 2 XL’# 73291""338’ 1?39’

2 ‘ : ' .
W, Tressler, L. Tiffanny and W. Spencer, "Limnological Studies of
Buckeye leke, Ohio®, Ohio Jour. Sei. XL,#5:261-290, 1940.

- C.B. Nash, "Environmental Characteristics of a River Estuary®,
Chesapeake Blological lLaboratory Publication #64:147-174, Decemben 1947.



The deficiency a£~disaa1vad oxygen resulting from pollution fac-
tors has become, unfortunately a more serious problem, BEllis has shown
" that vital asctivity of most aquatic forms is ﬁangercuéiy impaired or
ﬁaasea when the dissolved oxygen concentration deups ‘below A;B to 3 5
c.a./l.l ﬁxygeﬂ,gaur anvironmcnts thus eata%lishsé give rise tn the
.‘uésé désirable facultative and obligatory anserobic mm.g

Paramecia which are subjected to xhgembia;.cﬁndiﬁénja? for a brief
time rec;)ver' when placed in aerebic enviromments. ?reiéngéd anaerobic
conditions result in a cessation of physiological &eﬁiv&by, blistering
and cytoasysie. An approximately ﬁeutra,!. pH of the wntuf iﬁcrq&ms the
longevity of £hs organisms under daarmse&. oxygen concentrations,

Towsand, Frickeen asd Earnest found that large sections of éraya
Harbor were polluted as shown by tize low value of dissolved oxygen
eanuemmtmnf 'ﬁzé area in the anvirmé of the dead and d:iatz-asaéd
salmon indicated a concentration of dissolved oxyzen of 1 p.p.m. at the
surface and 0.24 p.p.m. at a depth of 15 feet. &mminatmn. of the dead

galmon indiecated visible signs of leisons, t,mz*s and regions of bloody

1
M, Ellis, "Detection and Measurement of Stream Pollution", Bull,
3.3, Bureau of Fisheries, xi..ma&ﬁ*&.??, 193‘?. '

2 _ . ,
. ds B. Lackey, "Oxygen Deficlency and Sewage Protogoa: with Desw
eription of Some New Species®, Biol., Bull, IXIII, :?2:28%2‘35; 1932,

3

de &» Kitchling, "The XEfTects of 2 lack of Oxygen and of low
Oxygen on Paramecium®, Eial, Bull. 1XXVII:339-353, 1939.

4 ,

1.0, Towsand, A. Erickssn and D, Espnest, "Progress Report on
Field Investigations and Research', Wash., State Pollution Commission

Pacember, 1938
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infiltration entirely wanting. It was clearly shown that the reaction
of the fish at the site of pollution exhibited the samé physiclogical re-
actions or'camp&rahke reactions to those fish in the laboratory which
died nflangen deficlency. On this basis, the investigetors concluded
thst the fish kill was attributed to a lack of oxygen or aQMt’gxtrinaic
factor impeding normal respiratory functions, .

Critically low concentrations of dissolved oxygen wepre found gener-
&lly throughout the Curtis Bay aren,l Although this aenditisn wWag pre-
gent in the cooler months, it was particularly acute in the summer
months when the temperature of the water was above 25 degrees centigrade,
It was alsc observed that oxygen deficiency at some stations was & re-
sult of copperas disposal., Olson concluded that the delitorious effects
of copperas appeared to be one of oxygen depletion of the subsurface

waters over the entire ares in summer and locally at other times,

Carbon dioxide, As previously stated (psge l?),~phy£apiankton re-

quires a bountiful supply of this gas to carry on the process of photo-
synthesis, The carbon diaxida ﬁupply is obtained from several sources
among which is that derlived from the process of oxidation which is cone
stantly occurring in all living orgenisms, that derived from atmosphe
eric carben dicxide which is dissolved in the water, that derived from
the decomposition of organic sabaﬁanaaa, that derived from rain and
that derived from bicarbonstes found in the aguatic habitat. The con-

centration of this gas in the water is variable, since in the process

l .
R.A. Olson, H.F, Brust end %.L, Tressler, "Studies of the Effects
of Industrial Pollution in the lower Petapsco River Ares", Chesgpeake
Biol. lab. Pub. #43:140, Bovember, 194l
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of photosynthesis light is required, That is to say, that during the
light hours when the process of food manufacture is carried on by phyto-
plankton, the carbon dioxide is extracted from the surface water leaving
a lover concentration. At this time the oxygen being in the excess, it
night, with the ppotgsynthatic}reactiéns at a stand-still, the carben
dioxide content of the surface stratum of water is inereaseé, Obvicusly
turbidity'bf the water appreciably alﬁeré the concentration of this
chemical factor inasmuch as it reduces the.ammunt of light requirsd to
produce thg;proqasg;ex;pygtasyhtheaia, It may therefore be concluded,
on the basis of the fmregcing, that the amount of carbon dioxide present
¢1n.maat bodies of water may fnactian,aa an.indax.tc the prodactivity ang
ecalegicnl balanae of that aguatic envlranmsnt.

Carbon diexide presenz 1& khe water ia exprasaad in thres ways!:
free carbon dioxide, halrubeund carbon dioxide (that which converts
monccarbonates to bicarbonates) and bound or fixed carbon dioxide (that
which converte calcium oxide to ¢alcium carbonate.)

The investigation of the lake wateré of northeastern Wisconsin by
Juday, Birge anﬁ_ﬂei@chal demonstrated that the surface waters of theose
lekes lacking inlets or outlets (seepage lakes)ylelded positive acid
reactions with a free carbomn dioxide range of 3;3 to 10.7 mg,/l. The
surface water of those lakea‘ﬁéviag_an Qutlet {drainsge lskes) yielded
positive alkaline remctions with a range of 0.7 to 10.7 mgg/i.»ef‘
carbon dioxide. The bound carbon dloxide in the seepage lakes ranged

1

C: Juday, B; Birge and Vs Meloche, "The Carbon Dioxide and Hy-
drogen~Ion Content of. Lske Waters of Northeastern Wisconsin®, Trans-
adtion Wisconsin Acad, Sc. Arts and letters, 29:1-82, 1935.
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from 0,2 %o 11.3 wg./L. while the range of the draimage lakes was 1.0
to 39.0 sg/i, 1t was fourd thet the amnusl variation ef bound carbon
diexide in sespage lakes was small, while ia some of the drainage lakes,
the &irxinmn rarsly rangsd abave 2.0 wsg. /.3,, Surface waters haviug a
free carbea dioxide amaual variation ef 0.0 to 14,7 mg./l. was reperted,
This rasgs is & reasli of the photesynthetic sctivity in theaxs lakes,
the cistribution ef fres oarbon dioxide veried in the Aifferest lakes
ranging from a lake in whieh there was an even distribution throughsut
the lake o those lakes in which the earbon dicxide in the despur waters
W mers soncentirated,

Ia the Prince Albert iskes, 1t waa wsted by Rsweon thetl iLhe free
serbon dioxide of the surface water wes 1.3 ¢.¢./1. ia the eslder months
beafore the ice hwakf ™is value was reduced sfter the Lce~braak, &
coneentration of 1.5 ¢.c./1, of carbom dioxidas was observed from the
beginning to the alddle of Jume, &% Lhe end of which time tho water
ranged from nsotral to alkelinme uniil Septusber. The concestration of
free sarben dioxide of the lower atratum of water was found to bs 4.6
eece/1, 40 4pril (» hangover of wiater stsgaatisa)., With vernal clzcu-
letien, the fres earbos dioxide was reduced to 1,8 e.e./l,, resulting
in & sore o less svenly distributed concantration saver the sntire laske.
Puring the warmer menthe it was feund that the carden diexide cencen~
tration incressed om the botbon and decllned again in June., Nith the
adyant of the summer stravilication peried, the earbon dioxids value

L : .

D. Bawacy, "Physicel sad Chenlicel Studies in the lskes of Friace
dlbert FPark, Saskatchewan”, Journsl Biel. Boerd of Canads, XI, #3:337~
a3, 1936.
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began to quickly rise reaching a maximum range of 9,0 to 11.2 c.c./l.
in the middle of August. Autumnal overturn gradually reduced the car~
bon dioxide faeter to nil,l

The bound carbon dioxide of the upper stratum was 21.8 ¢.c./l. in
early spring, rising to 32.8 c.c,/l. ay éhe middle of spr#ng and contin-
ulng through the sunmmer with a varistion of not more that 2 es¢. /1. The
concentration in the lower stratum may bé characterized by a rise during
vernal overturn, a decline in June followed by ancther rise at summer
stratification and another decline at autumnal overturn. The values
are squalized throgghouz the lake at the OV%?@&?&&QQ

Variations of the free carbon dioxide eaneeatration between the
stations in Buckeye Lake were explained by Tressler, Titfany and Bpencer
to be caused by a deep hola.3 High winds were responsible for the mix-
ing and replenishment of the exhauated anppiy of surface carbon dioxide.
4n inverse correlation was found between high temperatures and the abun-
dance of dissolved oxygen with carbon dioxide; the latter being de-
pleted by phytoplankton in the photosynthetic activity, Fizxed carbon
dioxide was reéartsﬁ to have increased in the summer.

In western lake Erie, Chandler peports free carbon dioxide was

present from December to May; but found carbon diaxide wanting during

N . )
D. Rawson, "Physical and Chemical Studies in the lakes of Frince
Albert Park, Saskstchewan®, Jour. Biol. Bd. of Canada, II,#3:227-283,1936

2
Ibid, p. 276 -

3
. W, Tressler, L. Tiffany and ¥. Spencer, "Limnological Studies of
Buckeye Lake, Chio®, Chio Jour. 8Se¢i. 3L, #51261-290, 1940.
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L
the remsinder of the year. The highest value was observed in April

following the fce~break, 4n even distribution of carbon dioxide was
found in the area investigated.

Experimenting with Puffer Pish, Hall found that increased hydrogen-
ion concentration resulting from carbon dioxide, more acutely affucted .
the respiration of the fish than did the additlion of hydrochlgric acid
at the aama'hydroaeawion,conﬂantrationiz

Phosphorus. The relationship of phosphorus salts to the bictic
factor of marine and fresh water has been extensively studied by many
investigetors. McHargue and Peter investigating the springe and streams
of Kentucky concluded that the phosphorus concentrations wers influ-
enced by geological stratn¢¢haracﬁer.3 Missigsipplan anéd Pennsylvanian

areas yielded much amaller smounte than the Ordovician areas.

The phosphorus content of Live lakes in Idaho and Washington, as
determined by Keumerer, Bovard end Boorman, was found to range from
&
0.013 to 0,026 mg. per liter,

4 seasonal Variation in the phospheorus content was observed by

1 - ,
D. Chandler, "Limnological Studies of Western lLake Erie*, Ohio

2
¥, Hall, "The Influonce of Varying Oxygen Tension Upon the Rate of
Oxygen Consumption in Marine Fishes", am, Jour, Physiol. 88:212.218,1929
3
J. HcHargue, and A, Peter, "The Hemoval of Mineral Plant Food by
Natural Drainage Water", Kentucky Agricultural Exp, Sts. Bull.237-333~
362, 1921.

&
G, Kommerer, J. Bovard and W. Boorman, "Horthwestern lakes of the

UsS.: Biological and Chemical Studies with Hefsrence to Fossibllities
in Production of Fish®, Bull. Bur, Fish&, 39:51~140, 1923.
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i
Atkins and Harris in the ponds investigated, These investigaters con-

cluded that phosphorus was utiligzed by phytoplankton sarly in spring
and by summer, the avallable supply was exhausted, The lack of phos-
prhorus, conditioned the greowth of aigal forms. The supply of phosphorus
was repleaigheﬁ during #hﬂ winter months,

Atkinzﬁ and Brandt3 working independently on the content of phosg-
phorus in sea water arrived at similar conclusions, e.g., &) that the
phosphorus cantent-ahtaineﬁ‘a maximum in the autumn and winter months
and reached & minimum in the spring and swmwer months and B) that the
deeper ocean waters contained a constant supply of phosphorus.

In an investigation to determine the imorganic chemical factors in
pond water that may act as conditioning censtituents in plemkton growth
and hence fish production, Wiebs made an intensive study of the prin#iw
pal forme of inorganic nitrogen and soluble and total gﬁuspharua.é As
a result of the study of the pond waters at Fairport, Iowa, Wiebe con-
cluded that soluble phosphorus acts as a cenditiening factor. Since the

ponds were fed by the waters of the Miassissippil River, ths‘inyestigaber

1 , .
W, Atkine and G. Harris, "Scasonal Changes in the ¥Water & Heleo-
plankton of Fresh Water Ponds*, Proc. Royal Bublin Soc., 18:1-21, 1924.

2 t :
¥.R, Atkins, “The Phosphate Content of Fresh amd Salt Water in Its
Relationship to the Growth of Algal Plankton®, Jour Mar. Blol, Assn.

3 - , :
K, Brandt, "Usbher den Stoffwechsel im Meere Wissensch", Meeresunier-
such 1B1187-429, 1929.

4 » ‘ :
- AJH, Wiebe, "Investigastions on Plankton Production in Fish Pends®,

U.S. Bureau of Fisheries, Doc, 1082,
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studied ;Ee latter in an attempt to determine the variation of thess
ghamiea&taetera.;Aﬁieﬁe canﬁ;udas;that kﬁevmaminaﬁ phosphorus value
coineiée# with the phytoplankton increase and that the soluble phose
phorus content may act @ a limiﬁﬁng ;aater. Fiecher malntained that
upon fertiligation of ponds by ground basic slag or super phosphate,
the production of carp'was.significaatly inﬁreasaﬁ‘2 Hut.chingon is of
the opinion that phosphates are of extreme importance to 311 sutotropiec
forms though the cancantratiana are very 10*.3

The phosphorus content of the lakes invsstigated byJJ#day_and
others did not decreass during the spring and swmner although a heavy
population of plankton was praaent.k Phytoplankton production and the
soluble phoaphorus contant of these waters did not appsar te coerrelate,
It was noted that the lower strata of the water in the lakes. contained

: 3
less soluble phosphorus in summer, When the phosphorus content of the

1
4.H, Wiebe, "Dissolved Phosphorus and Inorganic Witrogenm in the
Fater of the Mississippi River", Science, 73,F1902:652, June 1931.

2
K. ?iseher, "The Problem of Increasing the Production in Fish Ponds
by the Use of Chemical Fertilizers”, Internat. Hes. Science and Prmc.

Agz*a Y 23 322"'83&, 192‘“&

3
G. Butchinson, "Ecological sspects of Succession in Katural Popu~

lations", Am. Nat., LKXV:400-418, 1941,

A
€. duﬁay, ﬁ.‘Birge, G. Keomerer and R. Bobinson, "Fhesphorus Cone

tent of Lake Wgters of Northeastern Wisconsin®, Transactions Riacenﬂin
Acad, aei., Arts and Lattara, XKEXI&EBB»QAE, 1&;8»

$ ‘

- Gy Juday and E. Birgs, "4 Second Report on the Fhosphorus Con-
tent of Wisconsin Lake Waters", Transactions Wisconsin Acaé. Sei,., arts
and Letters XXVI:353-382, 1931, : :
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lakes was correlsted with the presence of three species of brycphytes
found on the bottom of tﬁe lakes investigated, results indicated that
the lakes in #hieﬁ the bryophytes were found appeared to have higher
phaspharua‘caucantrationa.l

The maximum eencentration of phosphate in the Chesapeake Bay,
according to Newcombe and Lang, occurrad in summer and the minimum values
were founG to occur in the fall, winter and early*sp?ing.g Subsurface
waters in the upper regions of the bay were found to contain more phos-
phorus than those in the lower regions of the bay. Significant differ-
ences were reported between light hours and darkness, e.g., phosphorus
concentrations were found to be higher from sunset to sunrise., Daily
variastions in the phosphate content of the bay waters over a four month
peried from June to September were ebaerved*ﬁ'ﬁaximum values for this
factor wers recorded in August with descending values sarly in Septembsr.
The latter is coincident with reduced turbidity of surrounding waters, ’
beginning at the time of the lowering phosphate concentration and ex~
tending inte autysn. It was alsco noted that the chlorinity of the water
and the phosphorus contsnt in the headwaters of the Fatuxent Hiver was

in inverse proportion, e.g., increase in the phesphorus concentration

l .
€, Juday, E. Birge and V, Meloche, "Chemical Analysis of the
Bottom Deposits of Wisconsin Lakes II, Second Report®, Transactions of
Wisconsin acad. Sei., Arts and letters, 33:94-114, 1946,

2
ﬂ. Newcombe and A. Lung, "The ﬁiatributian of Phosphates in the
6&93&9&&9 EW“ Proc, Am, Phil& Soc,. 31,§33393”‘&25’ 1939»

3
c. Kewcumba & H, Brush, "Variations in the Phosphorus content of

Estuarine Waters of the Chesapeake Bay near Solomons Island®, Jour-
Man Research, AT ,,#1T76-88, 1940.
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with decresse in chlorinity. It was further observed that the upper
reglons of the Patuxent River demonstratad higher phosphate concentrs-
tions that the surface watsr of sha.bay,z  Further, hourly sazples ye-
' vealed apprecisble varistions, the latter being more chapacteristic of
shallow regions where mixing is more prevalent. HKigher phosphate con-
centrations were 2150 observed in the desper bay waters.
‘ Nitrates. The nitrogenous regirement of the protoplasm of aguatie
orgenisms is provided by the nitrates found in'tﬁg water, . Juday and
others maintain that the nitrogen requirements of ofg&ﬁiﬁﬂ& is met by
most ;qat%ie-enviréémenga.z Fhytoplankton ferms in their anabolic pré»
cess avail themselves of the nitrates te :ynﬁheaise proteins. Upon the
_aaath ai tn: aqxnzie G@ganiams, sither by natural causes or otherwise,
thqy &isintagraﬁa, the dscenposition of which results in the formation
of either assonia or nitrates. Peotoln decomposition ia aided by bac-
teria. The bacteris involved in this process are classified into four
groups: thoses which oxidise amwonia to fure mitrites, those which oxim
dige nitrites to altrates, those whose sction ultimstely end as emmonia
and those whieh change nitrates to nitrites. 3Since thess bacteria are
found in the aquatic habitats, the end preducts which they produce are
liﬁewixa.Iauad there.

The nitrate-nitrogen wvalues of thé Mississippi River at Fairport,

i o ) " , ‘
C. Newcombe, %, Horne and B. Shepherd, “"3tudies on the Physics and
Chemistry of Estuarine Waters in Chesapeske Bay", Journsl Mar. Res.,

S;I ’#2 3 S?Wim ¥ 1?39-

2
: C. Juday, B, Pirge, G, Kemmerer and R. Kobinaon, "Phosphorus
Content of Lake ¥Waters of Kertheastern Wisconsin, Transactiens of
Wisconsin Acad. Scil., Arts and Letters, AX11T:233~249, 1928,
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Iowa, as reported by Wisbe was found to range from 0.051 to 0.91l4 p.p.m.
at the surface and 0,060 to 0,776 p.p.m. at the baitam.l Wiebs is of the
apinioﬁ that imorganic nitrogen i# not a conditioning factor,

fﬁe hié&-ﬂitrite~pitrsgen velusa observed by;ﬁakestgaw were in
direct accord with corresponding high values of nitrate-nitrogen and
phosphate phespherus in the upper &trﬁbum of watar;z lowaver, high ni-
traﬁeénitregén values were nét i@diea@ivq é? high nitrite-nitrogen
valuee,'parﬁicularly‘in the béttem,waters. Hith.the spring bloom of
diatoms, nitratennitrngan concentrations dropped.

&nalyais ‘of Wﬁs&esiu Lake by Rawson demonstrated that the anounts
of nitrates in the watsz were diatributsd over a rather wi&e Tange, €.g£.
0.05 %o 0.20 pﬂﬁ.m43‘nawaon is cf tﬁe epinicn that Haakesiu Lake is un~
usually rich in nitrogencus substances; this substantiates his goncept~
ion of Waskesiu as an essentially eutropic lake.

In the surface waters of the oceen and lakes, Hutchinson noted
marked seasonal changes, which are determined by the 0rggnisma’inﬁabihw
ing the ﬁltﬂfﬁ.k épring values of nitrate-nitrogen and phosphatezphos—

phorus were lowersd as a result of increassd iight and temperature thue

1 )
A.H. Wiebae, "Dissclved Phosphorus and Inorganic Nitrogen in the
Water of the Mississippi River", Sciencs, 73,#1902:652, June 1931,

2
K. Exkaatraw, “?h@ Occurrence and Significance af Nitrite in the

3. .
D. BRawson, "Physic&l end Chemical $tudiea in Lake@ of the Prince

Albart Park, saekatehawan" Jour. Biol, Bd. of Canada, II,#3:227-283,
1936,

i

.. G. Hutchinson, PEcological Aapeets of Buccession in Natural
Populations®, American Natmralist, LAXViLO6-41E, Sept. 194l.
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yielding conditions which were more conducive to photosynthetic active
ity. The significant reduction in the nitrate and phosphate concentra-
tions were inversely correlated with oxygen and pH factors.

It has been shown b,} Harvey gmz fertilization of offahore sea
water with nitrates, phosphates and iron supported diatomaceous Iama.l
The productivity resulting from this type habitat nas moderate, Fure
ther, this investigator is of the opinion that diatemmproductivity was
increased perceptibly more in a nitrate medium than in a phosphate
medium.z It was Bhéiﬁ that 10.4 more nitrate nitrogen was used by the
organisms than was phosphate-phosphorus. Tressler proposed that high
nitrate values are indicative of lakw-;:ro&uctivity.g The range in value
of the area investigated was from 1.00 p.p.m. to 0,050 p.p.m. The lower
values were obtained at the end of aﬁmer.

‘ The nitrate range in the estuarine waters of the Chesapeske Bay
as reported by Nash was from 0,00 to 8.2 X 10 mg. atoms of N per 3.5.!.31":
The nitrate values decline downstresm. This decrease in concentration
is due in part to the consumption of the nitrates in its downstream
progress and to the ingression of nitx-abéaﬁ in the fresh less saline

waters, The ’nitrata»nitmgan values for the ottom waters were

1
H. Harvey, "Substances Controlling Growth of & Platon®, Jour. Har.

Biol. » 23“*99“52(}’ 1939.
2

H. Hervey, "Growth of Phytoplankton®™, Jour. Har. Biol. 2&:&5»123,19&3

3
¥W. Tressler, L, Tiffeny and W, Spencer, "lLimnological Studies of
Muckeye Lake, Ohio®, Jour. 3¢i., XL,#58261~290, 1940,

l‘ -
C. Nash, "Environmental Characteristics of a River Zstuary",
Chesspeake Biol. Lab, Pub. 64:147~174, Dec. 1347.
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generally higher and never less than the surface value. Winter concen-
trations were higher than at Any other season.

ﬁiﬁriteq¢ As previously stated, bacterisl action is responsible
for the decomposition of protein compounds to ammonis, nitrates and ni-
trites. It can be seen that since nitrite-nitrogen is the intermediate
unstable form, its presence in the water can be interpreted ss an index
to the nitrogen cycle eguilibrium,

" In investigating the Clyde Zea area, Orr found that the rangs of
nitrite~-nitrogen was from 0,001 to 0.003 mg,/l.i In order to ascertain
the effects that algae might have on the nitrite concentration, the al-
gae were reared in the water under varying expsrimental conditions and
the values were then recorded.

It was found that the nitrite concentrations were appreciably
raised even after the productivity of plankton ceased. It was this in-
vestigator'e opinion that such factors as nitrate concentratien, inten
sity of light ard nature of the flask influenced the results signifi-
cantly.

It wae alsc observed that nitrite values in the summer ranged
from 0,001 to 0.01 mg./l. in the upper stratum of water. The values for
the lower stratum ware generally greater than the surface. Orr concludes

that nitrite-nitrogen variations of sea water may be a result of &) action

of bacteria, b) ultra violet light, ¢) algal plankton, and &) ingreszion
of nitrites from fresh waters and the atmosphere.
The range of nitrite-nitrogen as recorded by Rgwson in lake

A. Orr, ®Nitrite Content of Sea Water®, Journal Mar. Hﬁal.,
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1
Waskesiu was from 0.00 to 0.001 Pspelme

it was maintained by Rakestraw that the nitrite distributions and
concentrations were possibly correlated with such biological factors as
bacterial and plankton distribution and with such physio-chesical face
tors as diesolved oxygen concentration, temperature, density aﬁd inten~
sity of illaminatieﬂ¢2 This inveatigatar found that nitrite concentra~
tions werse greatér at decressed winter tempar%turaa. With increased
temperature and corresponding consumption of nitrites by plankton, the
value was deersaauég Density and eanc&ntratiqna?af nitritea’ware in
direct correlstion. Whenever this was not in accord at higher values,
it waa observed %o be a result of plankton-productivity. )

¥xcept for the short decrease in early spring dus to the initial
bloom of plankters; the surface value of nitrite-nitrogen was low in
winter followed by an increase in spring with the maximum values being
reached between June and September,
| Moddy bottoms tendsd to yleld higher nitrite-nitrogen concentra-
tions, ?nrthot,-it‘yaa found that exidation of organic compounds were

greater in shallower than in deeper waters.

’ > 3
Theamounts of nitrite-nitrogen found in Buckeys Lake was negligible.

Tresaler and athoravsp% of the opinion that thia quasi~libera conditioen

1 . S ~
D. Bawson, "Physical and Chemical Studies in Lakes of the Prince
Albert Park, Saskatchewan®, Jour. Biol. Bd. of Canada,ll,$#3:227-283,1936

2 ; :
¥, Rakestraw, "The Occurrence and Significance of Nitrite in the
Sag? » Bﬁ.ﬁln Bull. ?12 133“16? » 133‘5*

3 g .
W. Tressler, L. Tiffany and W. Spencer, “Limnclogical Studies
of Puckeys Lake, Ohio%, Ohic Jour, &cil,, XL,#5:261~250, 1940.
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relative to nitrite~nitrogen concentratione, is indicative of an ab-
sence of sewage pollution,

. The range of nitrite-nitrogen in the estuarins waters of the
Chesapeake Bay ranged from 0.00 to 0.6 X 1&”3mg. atoms yei l&tar‘l
Some determinations with a maximum'raugsAaf 1.1 X 103 were nl&a ob-
tained. The bottom waters were more richly supplied with nitrite-nit-
rogen than the surface, Further, seasonal variations.were evidenced
by the fact that significantly higher values far_nitrite ﬁi&ragan were
obtained from iny to Detober, Thesse values wers not duplicated during
the other months.,

In the Putaxant”ﬂivor, Bash found that the nitrite nitrogen ranged
from 0.0 o 1.5 X 10”3 mg. abama-psrflitar.z Higher concentrations were
obtalned at those stations in the bay or lower half of the estuary, e.g.
0.2 X 10~3mg. atoms per liter for the surface waters and 0.3 X 10-3 for
the bottom waters, The deaper‘uatara yielded higher values than the
aﬁrfaea waters. Thies was ahgrikubed to the muddy bottoms which possess
greater nitri%ewnitrogen regenaratian.  Howeéver, this condition was not
characteristic of the waters of the upper astuarine watars¢

Silicates. Thi&faempcﬂnd‘iz of particular interest sigee»it is the
main coenstituent of diatamrshella; one of ithe waters mnsﬁ important pri-
mary producers. The role plnyaémhy-éiatqma:ig ihe economy of any aquatic

_envirénment cannot be ignored, Further, silicates are inca?poratad in

i , o
C. Newcombe, W. Horne and B, Shepherd, "Studies on the Physics

and Chamlstry of Estuarine Waters in‘ﬁheaayeaka Bay, Jour. Mar. Res.,
11 ,ﬁg 33?“'1%1 1939,

2 T e
C. &ash, “Envirunmeﬁtal~eharaataristica of a River ﬁatuary“
Chesapeake Biol, Lab. Pube. 6&:1&?~l&h, Pec. 1947.
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the skeletal structures of many other imperﬁant aquatic forms. This
factor is probably one of the more variable of the chemical factops in~
wvolved in aquatic habitata.

Stratification is not unccmmon, although both surface and bottom
soncentrations mey be high, Higher surface values, when present, are
possibly due to the influx of fresh water from the rivers; which are
more bountifully supplied; while higher hottom concentrations are due
to the disasclution of diatom shells which after death bscause of their
uaignt,rfall to the bottom. The sbsence of silicate~silicon from the
upper stratum nay be indicative of productivity, however, the inherent
lack of this compound does not act as a limiting factor in phytoplank-~
ton-productivity. |

The estimated value of silica on the floors of the various lakes
investigated by Juday ranged frem l4.6% to 52.7% (dry weight), the asc-
ond highest in minersl vaine.l

The four climactic periadé noted by Meloche and coinvestigators,
relative to dlatom production, cccurred in January, april, Juns and
Oc¢tober; the latter being the most productive munzh.z On the athér
hand, silica concentrations appsared to decline in November and January
and rise in early spring. Summer yields which were proportionately low,

ware failnnaé by higher concentrations, It appeared that the relation

l "

¢. Juday, E. Birge and V. Meloche, "Chemical Analysis of Bottonm
UDeposits of Wisconsin Lakea 1I, Second leport, Trausactions of Wisconsin
Acad, Bei. Arte ané Letters, 33194~11kL, 1946,

2 , - '

V. ¥eloche, G. Leader, L. Safranski snd C, Juday, "The 8ilics and
Distom Content of Lake Mendota Water", Traasactions of Wiacensin dcad.
Arts and Letters, XXX1:363-376, 1938. : :



s

botween siiice content and dlator pepulalion is not asaifested, eaxoeph
is the Qekocker bloowm. Tone range ;t*a;r' this fagtor was betweon 0.4 te 2,5
PePatic  PBeamsezal vircuiation reswlied ln & uniferm dilastribuiion of dia-
tons and silicate-sllicen,

The examination of the aiturm~ waters of She Chesnpeske Bay for
silige vontent, yielfed results which wero high and commensurass with
water of low salinity. e Mghut« Mma were. évmm' in the day be~
twess April and October when the rangs varied from X 15°3 te 30 X WB
Lower values ramging from 3 X m~3 %0 20 X 10~3 wers obtaiaed in wiﬁ%«r.
Bey walers ylelded lmr veiues thm wa less ssline piver waters, the
consentration for the latter rauged from 50 X 102 to 120 X 107 Jug. atoms/l.

Tressler and others feund the ailicon cenrtand sf the waters of Back-
. aye leke to range from 1.6 %o 8.0 #.p.mf Tie lower values resulied
frenx an laereasd of -bialegieal activity Sn the lake during that seasen,
Further, 4t was feund that the lack of estival rain was not csaducive
to high siligon coencextratien,

The rauge of silicon im the Patuxsat River aceording to Sask,
varisd frem & X 1073 to 329 2 103 u. atoms pey limf Thé lewsr val~
uelk wers observed to Ls eunlimed ia a narrower raage &s the water ia-

ereased in shlozinily. Surface values averaged 13 por cent higher than

i
8. Newcoabs, %, Nerne and B, shepherd, “Syudiee on the Pnniex ]
Ohenisiny »f Estuvarine ¥aters La Chesapsske Bay™, er.ﬁsr.?ﬁm. » $id:

&?"'3-%1 '1?390

2 : . , o
¥ Tressler, L. Tiffany eond W. Spenter, "Limmologicel Studies of
Buckeye lake, OGhie*, Chle Jour. Bod., XL#5 z&ﬁi-ﬁ?@, 19490,

3
€ Kaﬂx, *Zavirosssntsal Characteristics of & kiver Estusyy™,
(hasspeske Blological Laboratory Publication #84L:147-17h, Bee. 1947,
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the water of the lower stratum. Silicates present in the area were

predominantly a result of the influx of river wateprs rich in sili-

cate content, since the muddy estuary floor does not lend itself to
silicate regenerstion. Because of this silicate~silicon concentrations
may be used as a fresh water inégx;

iIron. Iron compounds are one of the chemical constituents of

1

aquatic environments. It is believed by Gran that habitats eithep 5

low or wanting in iron, qgnditinn the growth of plants, while Harvey
and Thompson and Bremner observed that diatom-productivity snd Sron

concentrations appear to be inversely related, However, in certain
areas, iron ecompounds particularly ferrous sulphate and flocculating
ferric hydroxide in h§gh concentrations, because of their toxic effect
on macro-gnd miércscoﬁiédaQaatin:déaaniams;'aée aariaﬁs poli&tants.
While ferrous iron probably does occur naturally in thc hypolimnion of
certain waters t¢coréing to Kukchinsuné, it is neutraliaad by substan~.
tial cancenhratiana of bicarbongtes. The deliterious effscta of
copperas (ferrcus sulphate) has been variausxy invaatigat&d. Weigelt

observed that copperas in %apwater in the concentration of 2,721 p.p.m.

i .

H. Gran, *On the Condition for Ppoduction of Plankton in the Sea’)
Conseil Perm., Internat. Explor, de la Mer, Rapp. et Proc. Verb., 75:
37=46, 1931,

2
H. Harvey, "Supply of Iron to Diatums®, Jour. Mar. Biol., 22:205~

219, 1937.
3 i _ ]
T. Thompson and Re. Bremner, "The Uccurrence of Iron in Water of

Northeast Pacific Ocean", Conseil Perm. Internat. Explor. de la kKer.,
Jour. du Conseil, 10:39-47, 1935.

4
G. Hutchinson, “Ghemiaal Stratification and Lake Horphology”,
Proc., National Acad, of Sci., 24,&4:63w69, 1338,



was fatal to trout and California saimon in thirty-one to sixty-six

4 . ,
minatas; Clark investigating the effects of this substance on carp,

ehiners and suckers, demonstrated, that toxicity nas»evidancudin four to
2
twanty~faur haurs uith cancentratiana at 2.9 p,p.m»;in distilled water.

Garpsnter maintains that a cgnaannrati@n of 3.5 pepem. in distilled wa-

ter was lethal to minnowe (Leucisous phoxinus) within a pericd of three
3 D
hours. Bllis observed that goldfish, Crassius aukstus, sustasined

copperas in concentrations of 100 p.p.m. in hard water over relatively
long periada, however, concentrations of 1000 p.p.m. caused ﬁeath within
two to ten hours. In the case of the four-spined atiekleback,'ﬂgaltes
gquadracus, lLittleford found a wide difference in the toxicity of
copperas which was contingent upon a particular environmental ¢amplax.5
At a tempersture of 24,0 - 2.9°€., it was found that aay;coacantraiion

greater than 125 p.p.m. was lethal to some extent, while at a tempera-

ture of 12,0~ 2.0%, one hundred per cent survival was obtained in a

i
C. Welgelt, O. Saare snd L. Schwale,"Des chadegung von Frescherel
and Fischguucht durch Industrie and Hans Avervasser®, Archev.Fur Hugiene

3139117, 1885,

2 -
H. ﬁlark and G, Adams, "Studies of Fishlife and Water Pollution”,

Porty~fourth fnnual Heport of the State Bd. of Hea. Mass, Published.
Boo. #334»; 63335“’31#5; 1913,

3 . .. .
. K. Carpenter, "The Lethal Action of Soluble detalic Salts on
Fishes", Bri%iah Jour, Exp. Biol., &2378»390, 1927.

4
¥, Ellis, “"Detection and Measurement of Stream Pellution", Bull.

V.8, Bureau of Fish., XLVIX:65-437, 1937

5
R. Iittleford, “Survival of Four-Spined Stickleback, Apeltes
quadracus, in Copperas Dilutions”, Unpublished.
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cencentration of 500 p.p.ms Temperaturs variaticas couid be correlated
with changas in the pH of the sclubion, and it was concluded Shat the
toxic effact of vopperas in brackish water was the resalt of & lowering
of the pH of the sslution below the normal limits of adaptability of
the srganism; ;g,ﬁag,ggggattné,hhlﬁ hka,lnﬁh@l‘effycé of éapytraa iagi
a result of the chemical end physical injury vather than true toxic
action. This conclusion was supported by the fact thet some fish had
bean kept for perieds of saveral months in conesntrations ranging from
125 te 1,000 p.p.m. without appareat harm,

degording to Truitt, the poiluted &frud; of the Patapsco Hiver were
not severs at the time of kis investigatiaamlyﬁo aignifiaant change in
" the waters of the Chesapsake Bay was observed as & result of the pellu-
tion of the Patapsco Kiver. Subsequently, however, Truitt investigeted
the effects of ferrous sulphate, the most serious poliutant of the
lrttma The study included the period from the time of copperas dispaaal
to the formation of the floc anxx! ensulng deposition on the kottem.
The blelogical aigai:icnneu of this pellutant in its various forns was
also akudied. It was found that adhersuce of the flec te plankters
yulléd,ﬁaen to the boettom in the precess of settling, fnrtha?,.tha
g1lled forxs sufferad aa?hyxiétiaa by the dapma;tian of the floc on
the gill lamellae. A

The high ferrous sulphate values recorded for the Patapsco River

b
H, Trultt, "Annuel Rsport Chesapeake Biological Laboratory®,
-Chesapeaka Blel, !&b‘, ﬁ}ha 1939:

2
R. Truitt, "Annual Report®, Chesapeske Bicl. Lab., #40, 1940.
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) i
~weare found im the aress of copperas disposal. The concentrations

fmngaé<£r@m 4 trace te 15 2g. per liter, depending upon the proximity
to the seurce, These investigators are of trhe opinien that ferrous
iron remains in this conditien fer sometime, éariﬁa which peri&d the
copperas drsws sericusly upom the dissolved oxygen content of the area.
A subseguent oxidaticn to the ferric foram occurs,

Total iron conpentrations were receordsd to aacertain the Course,
attenuation of the poliutant and to acteruiﬁ§ the ipcn forms {seluble
snd inscluble) resulting frem ferrous sulphste, The extent mf‘pf@migim
tation and the stage of oxidation was found by a comparison of the
valuea of soluble, iusoluble and ferrcus iron. The range of total iron
concentrations was found to be bkighest is the cnvircns.af capperas dig-
posal, and diminishing proportionstaly at varying distances from the
source (. 447 pop.m. to 18,% @.ﬂ.m.).- |

The range of aaluﬁla_ir@aﬁﬂna found to be from 0,082 to 5.26 p.p.m.
This form of Liron is an index te¢ the copperas products which have yet
to flovculste,

The values given oy insoludle irom ranged frem 0,284 g;p.a. to
30.3 p.p.m,

Olson and his coworkers found that both planktonic ferms and.
macroscopic forme were affectsd by the pollutant, A decided upset in the
ecological balence of the drﬁa undsr investigstion was moted.

)3
- Be Truitt, "Aanual Report™, Chesapsake Biological Laboratoery,
#40, 1950,
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Although a widening of ths polluted srea of the Patapsco Riveyr was
1
notved by Truitt, toxic effects to aquatic orgsaisms was not observed,

‘,,,,

1
» R, Traiti, "Annusl Bepert®, Chesapeake Bielogical lLaborstory,
#40, 1940, .
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MATUI4ES o mma&s

&t sach :ar the ﬁcsimtm atatiam (P}mu i}, mu: sxi%s;»lw wers
c:slltehed‘ i‘@r chemicx& mé ui@mh&u}egimk dauxq&mk&am h@v na&m wi
a ?eamt mktl&, mue a nmbﬁr 20 ?lasktc& mt au umd tar the -
collecetion of mg—mylmkwm &urﬁ‘uca am dwpth wmph,s ware m&an at
the offshore atatiana. Tre Jumﬁ ﬁ!"lme v, Fﬁ.gura i} wag charterad
from the Atlas Boalt Company a;: that the effshore stations ceuld be
visited. The watsr collected wis placsd in numbersd cit-r@a botiles.
The Tobtles used to contein the water fer chemicsl analyeis were
Bgeasoned™ hastlaa obtained Lfrom the University of ﬁ&s*ylmd and -ewm
be distinguished from those citrats bottles used to ceatain the plank-
ton seaples in thet the former bore black rubber lid rings, ﬁai.la ithe
latter bex‘é red rubber 1id rings. Yhe pressrvetivs used was 15 per
cent _ﬁlt-ér#ﬁ nentrelized formaldehyde {bc.e. par 350c.c. citrate
vottle). The temperaturse were read from 3 typical reversing thermom-

eter.

Bielogicsl &nalysis. The plankten samples were arranged ia order
and ailmsm& to getile for & minimwm of two weoks, after which time, the
water of known volume was siphoned 6{1’ by layers from the top e bottem
to assure a minimum loss of materiel, The plankten cencentrations,
alss of kmown ivalmp; were placed in numbexed 25 c.c. viels. Quanti-
tative plankten Itiomrammém ware asde 33 ‘axaminatien of 1 c.c. of
ﬁze concentrate in » Sedgwick Rafter ceunting cell, under high sagnifi- ‘
catlen,

Chemical anslysis. The following compements of ihe water samples
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wares determined quantitativaly by chemldal amalysis according %o the
wethod Sndieated, |

Larben glanide. Both *fixed” sad "free” earbon dionide were deter~
nined %@imwriﬁily sceording te the Mh@é, pm#ﬁrﬁbﬁ by the Aimaricen
Pablic Health Maﬁaiﬁiﬂ; The [res cerboa dioxide was determined by
titration of the sxmple mith M/44 %‘w’ or N/hi NCL (depending wpen
whothier The eriginal semple was alkaline ur asid in reaction) vsing
phenolphthalein as she indiceter.

*Pixad" carden clemide was determined ky titration to the methyl
erange and poist with ka& HCL.

Thoe Rasis for ihe methed is the fact that carbenates are alkeline
to phenclphthalein, bigavbonstes are neabral and £r§e esrbon dloxide ia
acid. Neihyl orsngs is not affected by carven dtoxide, 55 Lthat besas
present as carbosubes can be titroded directly with stesdard scié.
Hanca, Af waser ia neutral o scid %o phesslphiheleisn, the "helf-bouna”
carosn d¢iexide is enmal do the "[ixed™ sarbon diexide. If the witer
i» alkaling te phenciphthaleln, 1% nemmim 8o fras carbon disxide and
the “holf~bsund® carbon diowide will be lese then Lhe *Zixed® carbon
dicxide by an amouns sguivaleni to that delermined ky titration with
acdd undil whe scletion is nsutral Lo phesolphihalein.

In appiging the sforspsationed asthed, 46 i& neasssery te nse only
carben Gloxide Iree distilisd water in dhe preparation of sll sclutiens.
Staadeard 2013 and aikall aclutfons sheuld be steped in hard glsss
woktles and should be cheeked fragueatly sgainst each otiher.

i

Azerisan Public Healsh sasaslation, *dtandard Methods for the
Examination ef Sater and Sewage®, jwericas Pibliic Healih jesoeistien,
Rew York: pp. 6971, 1936,



Zilien. The pringiple of this method is the comparison of the
yollow color formed é} t$@fraa§€i$m of silica ﬁiﬁﬁ'malgbdi@vaeié with
staad#xd colors nf;variaas_pierie'ﬁcid solubticn. :iha color campéiisogsv
ars made in @ Kiett-Sumcerson colorimeter uging a blue tilter.

it is imé@rtémﬁ to make ihese amalyses 53 quickly as possible
after the samplea are‘aﬁtéiﬁéé aiﬂee.aizieq frém.glaps wobtlss used for
collection and sterage may aiatélvc in the water on standing asd thus
¥ilold higher wvalues. . It is also. naeuusary %0 check the sillca corteat
of all Giakilla& water nzed in the prtparanien of asluticns or for
'ﬂilﬁﬁian of samples nhieh_sru_hﬁgh in‘siliea,@mabeﬁt.
| Altheugh irom and pnosphorus iﬁ%grtsra’im.%ﬁis protedsre, these -
eiuac#ﬁa, gxanpﬁ in the polluted ar?&s, are net nermslily easceuntered in
hiih,emauga,cémaqatra%ianu iaiﬁ&e water smalysed to effer ény appreci~
able interference.

' Phogphate, In this pruceéﬁfe, ﬁﬁasphamélyﬁéic acid is reduced
with étaméﬁs shloride and the resultant molybdenum blue is Comparaed
with the colors produced when stmndard phosphate solution is treated in
the aaaewaaf; The celor eam@n:iawa.;; made with a Klett-Sumnersen |
colerimeter usiag & sreen ﬁilter, |

Insseuch us Besr's Law'ig iﬁpiieahl..évuvvonly & .shert range of
Myﬁﬁﬁeﬁﬂtf&ti&ﬂ ia‘tﬁiaAuethed; it 4a ntes:s:ny-ta BIEpare aavaral stan~-
dards af‘vstyiﬂg concentrations and to use. ﬁhat atandard »hich most
closely aypraximahce the ealar gr&&ucaﬂ by the sangl% far uanpxrisam._

ﬂlthau;h high amaenatratimﬁs of ehloride in sea unﬁer introduce s
"salt error® caused by chunge in intensity and hue st the color pro-
Adweaﬁ, there are so maﬁg arra?a imﬁaﬁuaﬁ in the msthed that it iﬁ‘ﬁﬂt

negcessary to sllow for the salt gsniaﬁ% of the maber ia the Fa%§puen'
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River which l1s more or less about aﬂﬂufaartéthut of Qaa water,

Arsenates g%aénca s color similer to t&n@ of phosphastes and hence,
traces of araaﬂataa noulé be ineluded in the phogphate valuea.

Iron. The hgai& of this methad,is firat, the destruction of orgenic
astier in the ssmple by oxidation with potassium permangenate and sul-
fﬁr%cfaeid and second, dovelopment of & réé'caiat upa&.ﬁha addition
. of potassium thiocynste. This color is then compsred with stendsrds in
& &lett~$a&xtré¢n ealariueheriﬁaiag ﬁ'blue fii%ﬁr.

Anis celon dﬁveiopnamﬁ datu not coﬁzann bo Beﬂr‘n &an 50 t&at it
_ﬁé neéé;a&&y %g pﬁﬁ?ﬁﬁé saVarsl.st&ﬁaard ﬁﬁluii&ﬂﬁ of v&rying eancenw
tratmans as ia the yhosgﬁahe ﬁﬁthaé;,_‘ .

Sulphate ion ﬁu: an aév&»auxqftenﬁ &ﬂﬂﬁ tha color of ths.zhiacynatﬁ
cmmplex.amﬂ hence (zﬁﬁ) is intre&uaeﬁ 1n$o the standard solution to
compensate for ihis. -

Iron utensils #nd iron hot platees should haﬁ‘be'uaaﬁ during the
preliminary evaporation of ﬁhe'&amﬁlﬁ ﬁaeauée an error may result from
gecidental ¢an£aaiaa£iea.

Dissolyed Oxygen. This method is the well known Winkler method
based upon the reaction betwsen the exygen and manganous sni@ﬁmt& in
alkaline zolution, 'Qhe.raaaltaﬁt manganese hydroxides react with
potaseium lodide in the preseace Qf aulruric‘aaié end the &iheéab&ﬁ
fodice 4s titrsted with sodium thiosulphate using starch as the indi-
.cataf« | |

The graataaﬁ possible gource ef srror in this method lles in the
a&llaa%ian of the éamy&é &taalf‘ Exkx«me care mact be taken not Lo
entrap air ian the contasiner &nriug the sasple~colisction process.

Balinity. The deterainetion is based upon the measurement of the
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volume of stamdard silver aitratc aalut&@n which is neceasory to pracipi»
tate all of the cnlﬁvida in ﬁh& sample as silver ehloride, Poisssfum |
rchramata is ase& as the in&iaatar..

" The only yraea&tica to-be observed in this mathaé is to be certain
‘that all glassmare has bsen scrupulously cleaned with éichronate sul-
furlc acid cleaning mixture, ‘

‘ Bitpste-XKitrogen. :?ho red color which dsvelops when an acetic

acid splution of alpha nspthylemine are sdded to & solution cantaining
aitrite targg.%ht kaait of this procedura. f&e éeler is comparad with
standards in é'xiat%mﬁaﬁmeraan colorimeter using a gresn filter., iAn
artificial standerd eof basic fuéﬁaiﬁ may he used 1ns%¢aé,ef acdiun
nitrite solution with waters high inm nitrite.

it s ixportant to make thas@.éuturuimatiansAéa frskALﬁ‘aalx&eteﬁ
gaupiva*bcéa»&a bacterial action csuses s asteady and rapid cenversion.
of éxnritaa to nitrates and smnonis,

Ritrate-Nitrogen. Solutions contaiaing nitrates give a yellow

'¢a1a§ when treated with a raagembimgdé\ﬁy trenting phsnol with faming
sulfur&o'aeid¢ ?his aolar 10 in%anaifia& uhea the solutien is asade
alkaline, The aa@iﬁﬁ reagent, is 1,2,4 pﬁnﬁmi*éianlf@nic seid,  This
reaatian fagas th: hssia of ﬁha pwmceé&re uacé, !hﬁ aaiar dav«lugaé in
' tna iampis 1) eaapcr;é wi&h atanﬁarda in a ﬁlﬁtﬁ»&aﬁh@fﬁaﬁ~eal@rixatur
asing a bluﬁ fil%&?# - . _ |

‘Chlorides yraggaﬁ’§9 £b;3éf§ipfa; §?§§a% introduce a éigmifiécnt
qrrai~hat if present ig"gréxﬁar@caaeentré%iahn, they nust ga removed,
Likewise, cerhomates, érgania m#tﬁar”anﬁ_l&rgé coneontrations of ni-
irﬁ&aa must be removed for highsst ace&raﬁy. ' |

Ferrous Iron. PFerrous iren produces s deep color when treated




with potesaiun ferricranide #n& this color formation is used as the
seacs of deteradniag the lroan quantitatively, The golor produced ia
‘compared with staadards in s Klett-Susmerson colorisster ueing a green
filser.

Yo imture mowt accurale results, this test ahould likewise be
deternined in txe finld, sines the ferrous lon i yuickly exidised o
the feareic len.

BRydrogsn~ien onventratioa (pN). The hydrogen-ien conewntraticns

ars detersined 01';&@%‘&&“}&: By peans of & Beckmen pR mster. Pre-
eautions taken involved waghing the elscivodes with distillied water
after asch reaxding and keaping the slecirvdes fras fvom forelgn matter.
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CHAPTER 111

ESULTS

The phyaicel and chemical fsctoras of the arca iﬂvesgig&teﬁ'éimanw
strates s wids deviatiaa from the ahgracﬁarist&e properties at siwilar
bodies of wa%sr, The grnater_@ivaygcﬁﬂ& from the normal appears in
ﬁhe paliu%aé’aresa; dimiaiihing‘prupér%isna%aiy from the fool of
pellution, Alt&eugh the physical and chemicsl factore are given sep-
arately, their iﬂbarﬂruiﬁtﬁﬁngﬁxg‘gﬁél%ﬁtaraéﬁﬁén will bes discussed
subseguently. o -

Tamﬁarstart. fhe tamp&fa&uwt;wr he%h aanxﬁea aﬂm b&t%am wa%ers of

the moush of the river, elaa&iy rastuh&a s “hﬁii carvz” {Plate VI,
Figure 1}. The lowsr tuupar&turea oecur bctuesa 3anaary and Pabruary
and begin to pise graduslly ruaahiag a peask in July, aftnr which time
there 1s 2 gradual lowaering of the tempeprature sgain reaching a alnisum
in January, The bottom sater temperatures show a similar graphic re-
senblance shich is not colncident with the surface waters in that the
ascent, crest and descent occur later ia the foramer becauss not only is
ité trond iniasted by the ﬁ@n@sr&tur&s“uf ths upper tnraﬁum but also
becsuse it is net subject %e'flaﬁtuatXQQa in stnospheric temperature.
These curves, however, tend to convergs giiéhicaliy‘gﬁ two polints,
epring snd fall,

iz would be expected, wator temperaturses vacillate corresponding
‘to Tluctwations of stwmespheric temperstures, although thi.farﬁtr
apgears to be mors ?csiaﬁant to change, The mean atmospheric temperae
ture was for the most part found to be higher than the mean water

veaporsturs during the summer and lower in the winter, The surface
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Flate VI, Figavn>3). This is probably due to the decreased influence
on the part of the more stable waters of the Chesapsske Bsy,

There sppears $¢ be a signifieant relationship betwsen tem-
perature and chlariaity’ﬁ&iaﬁ‘ia‘eharaeta?iatic for wmost estuarine
waters [Plate I¥). This cavﬁalatiﬂn is observeble for the deaﬁer as
.wall se the surface wﬁtars. It wiii bs noted that, in gansral; fn-
creamsad tgmperaﬁurta are accompanied by incroased salinities. 4 the
temparature of the water decreesss, a carvas§9ndimg dacrease ié
salinities is alse evidenced. This condition is ehurae%ari&tié for
other statiens of the satuary investigated.

Although no significant difference exists between the
tamperatures of the polluted and aon-polluted regicns of the ?ﬁtapaca
River, the magnitude of its effect is conaiderable. This will be
ah&wﬁ latar,

Hydrogen-ion Concentretion. The pH (hydrogen-ien concen-

tration) of the Patapsco River shows a wide range for both surface and
bei%@m waters, the lattar ylalding the wider rangs. p# values
sufficiently low to condition the growth of plankion has been found to
be a result of threc chemicel factors, meinly, {1) the disposal of
ferrous sulphate which apon hydrolysis lowers the pH, (2) sischarge of
vardable amounts of free scid from chamical.m&nufaetaéiag plantes and
(3) distillery wastes which draw upon the dissolved oxygen content of
the water,

The values observed for the offshore surface waters ranged
from pB 2.1 to pH 9.2, The pH of the vffshore boblom waters renged
from pH 2.0 to pH 9.5. The pR range of the shore stations was found to
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It will be observed that waters in the viciaiw'pf cartain indus-
trial areas were very strongly secid, {Plate VII, Figures 1, Z and 3)
while those appreaching the mouth of the river became worsally alkeline
or neutral {Plate Vii, Figure 4)., The higher acid vslues were found in
the water of Station ¥ through VG ( Bear Creek ares) and 3Stations XIiX
through XITIF (Curtis Cresk area), Consult Table 4 and Table 5.

The average ph for the surfsce waters of the Bear Creek ares was
found to be 5.28 while that of the despér waters was 5.5 with a range
from pH 2.1 to pN 7.6. The average pH during the sumuér,monthajnut
found to be 4.68 for the surface and 4.78 for the deeper waters. It
will be noted that no significant difference is found between the yﬂ of
the surface and bottom waters of this region. It will alec be obaerved,
however, that the pH tends to be lower in the suwsaer than at other sess-
ons of the year.

The pl values in the Curtias Creek area wers found %o be oa & whole,
puch lower than in any other area investigated, {he hydrogen-ion con~
centration ranged from pH 3.3 w;'ﬁs 6.C for the surface and g 3.1 to pH
6.2 :fer the da;wr waters. The averags pi for the surface sanplss “ii& |
this region was ph 3.99, while that of t;iw ba&@m samples was pH 3.79.
The hyémgamim concentration during the swmisr was not axgniﬁcanuy
differemd. from that of other seasons of the year, yislding an average pH
of 3,92 for the surface and 3.79 for the bottom,

Consistently low pH values also occurped at Station 4 and at Btation
6 (Plate VII, Figure 1 snd 2) and paly occasionally et Stations 1, &, 5
end 13,

The low pH velues of the water found in Bear {reek has ite origin
in Humphreys Creek, into which are emptied large quantities of pickling
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TABLE 5. pi of Weter Ssaples Taken from Ourtis Creek Ares
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iiquors from the staeel industry. This is evidenced by the fact that at
Station 4, the mouth of Hunphreys Creek, ferrous iren has conelstently
besn presend. The hydrolysis of this ion quitkly‘Xthgs the pH of the
water.

The inflow of copperas fiam Runphreys Creek into Beay Creek re-
duces the pi of the water of the entire area sxtending from the head of
the creek to the mouth., This diatance s epproximately five siles in
length. The effects, however, are mot directly evident in the waters of
the lower Patapsco River,

Hydrogen-ion conecentrations of lethel value {below pH 4.5) have
sls0 been observed in the Curtis Creek ares (Table 4). Thesa low values
are alac a vasult of effluents from certain cheplecal plants in that ares,
see map (Plate II), The polluted aree includes that region extending
from Curtis Creek through Karley and Furnice Creek, approximately seven
miles in length, lLikewise, these low values do not persist in the
Pstapsco Kiver,

™e lew pH of the water at Station L, Colgate Cresk, emanates from
cheaical waste products from the Glidden Chemlcal and Pigmant Company.
This will be discuessed subseguently.

Station IX will be taken a3 the example used to demeonsirate normal
hydrogen-ion ecncentratlions, It will hi noted that the water shows a
characteristic slightly elkeline pB (Plate ¥II, Pigure 4). The average
pH of this stetion is 7.45 for the surface with a range of 7.2 to 7.9
The average pH for the hottom wae found to be 7.52 wikth & range frum_gﬂ :
7,2 to pi 8.0, 1% can be observed from the comparison of the surface
and bottom pif values, thet the later are generslly higher and nevey

lower in alkalinity than thoss of the surface water, Further, a surface-
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bottom comparison glso demonstrates that fluctuations appesr to be greater
for the bottom than for ithe surface stratum of water. 2 aignificant
diﬂ‘ur‘srwa in pH was obseived nelther relative to aﬁr&tﬂ&wmm, nor

to seasonal verdstion; although ia certaia instences the pHl was higher
from dugust to December, the increage in the hydrogen-ion concentration
never sxceedsd 0.3,

Balinity. The salinity of the surface offshore area investigated
ranged from D.60 p.ep.te 10 6437 pepets, vhile the lowser stratum of water
ranged from 2,2 pepote 10 6.5 pop.t. _*i'h_a ehlopinity range for the shore
waters was found to be from O.1 p.p.t. to 6.5 p.p.t. The lower values
for beth shore and offshore surface and betiom waters occurred in the
upper resches of the tritutaries of the Patepsco River (Plate VIII,
Pigure 1). The higher values, ss is to bs expscted, were found at those
stations located at the mouth of the river nsarer the more aaline waters
of the Chesapeake Bay (Plate VIiI, Figure 2.). The average salinity for
&nﬁiﬁa v1ix u_aa}.."?t’a Prpets i"ar the surface amd 3.95 p.p.t. for the
bottam waters. The lower values normally occur in the spring with a
gradual increase during the summer, ?ﬁa highast values normelly occur
in the fall., Siratification relative to salianity occurs at the shallow-
or stations as wslli as the deesper stations, with the bottem watsrs gen~
arally excesding the surface waters (Plate VIII, Figure 3). A surface
bottom differential of 1.5 p.p.t. often existe in the despar waters
proximately located neidr the bay watlera. Other aﬁaﬁia@ demonstrate an
average diffsrence of less than 0.4 p.p.t, Precipitation waa found to
wgﬁeigﬂy influence the salinity of the ares investigated.

The salinity for the Bear Creek area averaged 3,39 p.p.t. for the
surface ;%"" 3.64 pep.t. for the bottom, the lattaé having the higher
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values, é4lthough the overall sverage for thie area iz lowsr than that
for the Patapsco Hivar, it 4is proBably a result of fresh water ianfil-
tration frem the tributaries.

The salinity for the Curtia Creck area shows & wider range than
the other stations (0,60 p.p.t. to 5.50 p.p.t.). Stratificatien appears
‘to be more proncunced in this region even in ths shallower aress. The
sverage chiorinity for the area wss found to be 2493 Pepete for the sur~
face waters and 3.4 pepet. for the bottom waters, The surface-bottom
differentisl ranged from 0,00 to 4.35 p.pst. with an average difference
of D437 papete

4 comparison of TABLE 6 clearly shows that the lower azalinity
veloes for the shere atation were found et the head of the Patapsco
Rivar while the higher values cccurred towards the mouth of the river,
It will ke further noted, that seasenal variations do not exist at the
upper resches of the rivar, while at the mouth, winimum concentrations
were found te occur in winter with a gradual inscrease in the spring
ru@&ing the paximus in fall,

The wide variation in the chlorinily of the Patapsco Kiver arsa is
due to the combined effeocts of such factors as tides, precipitetion,
convection currents, infiux of leess ssline watere from tributaries and

vernal and sutumnal eirculation morking more or less independently.
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TABLE 6. Cosparison ef shlimigy Yalies

Bate atnbian iﬁ - a%atian 7 —

L/15/4% 0.20 2,30
L/26/49 3425 3.60
6/28/19 1,30 . 3.50
/E5/h8 82 3.55

Oxygen. The dissolved oxygen in the arsa investigated ranged from
Gud3 pap.ti. 0 14,25 pepeme for the surfece offshore waters and 0.45
PePes. t0 9.81 pop,m. for the lower stratum of water, Shors samples
ranged from 14 p.pam. to 3.& PePaita | Table 7 gives the aversgea for
oxygen soaceniratien for both surface and bottom offshere umaters,

The supply of oxygen in the surface waters sppsars to vary with the
seasons., The maximum cencentratiens ocour in the winter with & decline
in value beginning in epring and resching a minimom in the mmar. The
oxygen facter is in iaverse proportion %o the temperstaurs, see Plate IX,
Figure 1. The lowest vaines:for surface oxygen cceur cencurrently with
the highest tesperature resdings and vice-versa. This cqmﬁiﬁa axists
throughout the unpolluted arss investigated.

A similer peasonal varisztion of dissolved ozygen is found in the
desper waters, The higher and lover values cecur sisultanesusly with
the surface waters, the concemtration of the ferer never mﬁm&?ng the
latter. The surfaco-bottom diffepential appears to be greatest during
sunmer monthe snd dicinishes during the other seasoms. The surface-

bottom difference of dissclved oxygen ranges from G.00 p.p.m,. L0 7.57
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pspsis. with an average difference of 0,66 p.p.m.

Ellis reported that enviromeents having concentrations of oxygsn
balew 4 pepems or 3,§fé¢/1, £ailed @a suppott 11:3 of most aguatic
arzaniama.i 1f ¢his be true in the area investigated in thla study,
critically low oxygen vniu&& sceur frequently in the solluted areas.
Table & shows oxygen values for the varioss stations throughout the arsa
stadied, Oxygen poer waters ocour in Besr Ureek and Ourtis Creek through-
out the entire year, however, critically low valwes are found mors fre-
quently; in the summer, Other stetions (I, II, 1, 4, and &) show, more
or less consistently, hareful vaiunes throughout the ysar,

The detrimentally low values of dissolved oxygen do not norsally
extend beyend the mouths of Bear Creek and Curtis Creek, However, on
soveral cccasions oritically low values have been observed extending
frem Bear Greck to Station VII and Statien VIII, the Ghesapeske Bay
region. This has beon found to be particularly true in the suswmer
monthy when the waters of this region are slready oxygen-poor as a rew
‘sult of imereased temperatare of the water, Deeper waters tend te dem-
nmstratu particularly acute uxygen deficite in tﬁi& area.

Low oxygen values are in most cazes invayaaly aarralatuﬁ,ﬁith L
perature and directly earreiatié with hydregen-ion concentration, al-
though the latter neod not ba true., 8See Plate IX, Figures 3 snd 4. The
relstian of dissolved oxygen to the hydrogen-ion concentration is anly'
significant ia those areas where copperas dizposal results in the ra-
duetion of the pH, ﬁﬁ&ﬁiéavmitné II normalily hgvu.éydr@genaian.amaceﬂn

trations which hover arcund seutral. In this case, Lhe oxygen depletion

1
#., Bliig, "Detection and Measurement of Stresm Pollution”, Bull,
U. 3. Bureau of Fieh., Xivil: 65=437, 1937,
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of thess stations 1s prebably a result of eil which has besn foumd
¢ovaring the entire srea on every sample-eollecting trip,

Life conditioning axygan‘emﬂgtnﬁrati@as at Station 1 are s resuit
of the danaag@a&tieé of vegetable waatsa from the canning factories in
this ares, Feollution of this type cccurs alomg the nerthwest shers of
the harbor for a distance of several miles.

Carbon dioxide. Of the chwwical emvirommental factors investigated,

none ahow g wider range of values nor a greater variation than dees
esrbon dioxide, The offshors surface values range from ,0758 ce/l, to
25,5 cc./l. The deeper waisrs have a carbon dioxide ramge of 0.75%8 cc./1
to 24.33 ce/l. Shore ssmples demonsirate s correspending wide range,
8.8., from 510 eofl. to 25,00 ce/l,

Carbon dioxide conceantrations of the Patapsco River show typical
-gseasemnal variations., The sapply of carben éiex;da appaars %o be mest
héunxifnl in aafly‘aummer for both surface end bottom waters, the latter
normally yielding the higher values., As the summer progressss, the
smount of carbon dioxide rapidly diminishes reaching 2 minimum in
October, ab the time of autumnal circulstion, whem both surface and
potton concentrations colncide., 4 slight rise in values occurs ia win-
ter., Witk vernal circalation, when the concentraticns of carbon diexide
are again more or less evenly distributed vertically, the valuss begin
to riss gradually reaching tha mgximum sgaim in sumoer,

The polluted arsas of Curtis Creek and Bear Ureek give no evidence
of stratification relative to carbon dioxide, Tus surface waters are
in some instances of eqgual value Lo the lower waters; in fact, fre-
quently, they sppear to have much higher vsiuves (TABLE 9 and TABLE 10).

Relsative to ssasonsl veriaticn in the E&ar'ﬁrﬁtk';nﬁ.ﬁnrtia‘6r¢ak
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ragions, however, ii can reéadily be seen that the surmer wvalues are
avuch kigher thas st other sozsens of the yasr,

The surfoce-bottom differential ranges froam 0.0 ce./l, to 12,74
©6./1. The highest difference ccours in summsr while the sbsence of
this differsace occurs &urihg vernal and autusnal circulation.

Bilicatss, Waters of ruch low 3alinity as that found in the
Patapsco Rivar tﬁa‘na%aﬁally Righ in silicate coneentrations. It hae
been oeservod that the bead waters of the Fatapsco River and ite tribu-
tsries yield somswhst highsr vaiwes than those approsching the more
saline bay waters. Tho suvface waters of Station XV were found te be
on an averege of ;8% higher than these of Station VIII. These differ-
snces are not as great as oune would expect, since the difference in
éhi@:imit; arq‘liggniss'ﬂat largs, | | _

fhe upper reachss of the Petapsco River ars rié&ly’sappliaﬁ with
silicate~silicon throughout the year, sltheugh certein seasons demon—
strate an increase in wvalue. The highest concentrstions for silicate-
'ailiean in this arves wers ébuar&gé in esrly summer with & gharp dé-
ciine in value during the sprinmg and antumn, This condition was
gharacteristic for both surfecc and bobtem ssmples of the head ax well
as the seuth waters ol the Patapsce River,

For the most pard, slightly higher silicate values wers obuerved
Lor surface waters, This conditfon was partieularly csbvious ia the
poelluted Qatars of Bear Creek, Curtis Creek and these waters of the
Northwest Branch of the harbor (TAZLE 11, ), The greater surface-com~
cantrations were probably indicative of oither poor distom-producte
ivity in this ares or indicatlive of the influx of fresh water from the

tributaries in which case tha more pichly aup@iia& fresh mater flows



TARLE 10, Free Carben Biaxida Goncentrations® Curtis Crsek

Date  Depth  Xlle WIS Xlle Mild Mlle  XIIf
7/27/48 Surface 18.91 . 15‘5.3.%3 13..53. 1,49 7.16 889
s;'s[w ‘_ Sﬁarf:ee o 1.30 } 3,6 ;.5 1.3 -7 10.0
8/i5/uf -Burtace sis0 178 msz” fs.«ﬁ# 102 . 1402
9/3/48  Surfsee  2.78 | 3.02 ‘:5‘33‘3 2.5 L7 758
| " depth 2,78 3,02 3.8 " 2.5 L7 ——
10/8/68 Surface 352 126 .113  .101 .05 076
depth #2185 LR02 164 JASL W139 emem
t/18/49  Burface 8,85 12,64 12.64 1264 7.58 'g, 58
5/27/49 Surfsce 15,17 17,70 12.64 10.11 10.11 12,8
depth = 8,85 18,96 12.64 12.84 15,17 15.17
6/30/49 Burface L77 W77 .51 LT L7717
depth 2.27 2022 2,02 2.27 221 2.27
7/28/43  Surface 2.53 2,27 2,53  2.28 2.2 1.77
depth 3.29 3,03 3.29  L77 2.53 2,53

.égancentratientraxprusnaé in ct./1.
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over the denser acre ssline waters, The latter was sxemplified by
Station XIIIF, at which station the average surface value was found to
be .1i54 g/1 and 0665 g/1 for the deaper water. Howsver, the silicate
values were in some instances higher for the botitonm waters than for the
surfece waters., This wes particularly true st shore statiens xmore proxe
imolly loceted to the Bay. Thla is possibly due to silicate-fixatien
by diatoms, & process in which an amorphous opaline silica is found
which is most insoluble.

The surface~bottos differential varied from 0.0 g/l. to 0.0489 g/l.
The apparsnt lack of difference either occurs msore or less continously
in the shallower waters or a:uwmily at the time of wverticsl mixing.
Ine greater gifference is normally found in summer and winter.

Ferrous Iron. The quantitative values of copperas, ferrous iron, is

indicative of the degres of polliution and the oxygen engaging power of
the water, The highest comcentrations are found st the source of dism
posal with diminishing values, more or leas proporticnsate to the dis-
tance from the focl of pollutien,

Ferrous iron was generally found throughout Bear Creek, Colgats
Cresk and Curtis (reek, However, no trace of this ion wae found in the
lower reaches of the Patapsco kiver altheugh, the effects of its pres-
ence 7.{:; ai:hir bocles of water were albmér?-abia. fhe range of ferrous
uaa‘ma found to be from a tLrace ‘ﬁu;'wﬁiﬂiﬂ poPetis The highest value
was found is éulggﬁa ﬁrwk nesy the Paint and Pigzent plant. Similerly
high concentrations of copperas, 966.0 p.p.m, mﬂ found at Station 6,
the mouth of Humphreys gresk, The highest value obssrved at Lhe mouth
of Bear Creck waa 420,0 p.p.n,

4 triangle of delitorious effects {Flate X) resuits frox the
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disposal of ferrous iron into nwa»aaa environments. First, the hydroly~
sis of ferrous sulphats guickly csuses s sharp decline im the hydregen-
ien, concentration, resulting in the formation of basie ferrous salts,
The snbsequent oxidation of ferrous iron to ferric iren is done at the
expense of tho. dissolved axygen in the water, which in most cuses is
slready poor. For the most part, the rust eclored colloidal ferric
hydroxide is formed which later coalesces and $s finally precipitatad.
The inhersnt chemical effests produced by the presence of copperss is
graphically represested in Plate X1I, Flgure I and Figure 2. .

9f no less importance, relative to pollution, is the flocculstion
and settling oul of ferric hydroxids. One of the characteristics of.
colloidal particles is that of msﬁﬁwwmu 8 chaérge. Withis the scld
range, celloidal ferric hydroxide bears 2 positive charge. The size of
mcst planktenic forms is likewlase, within the range and therefore, they
tos cerry a chargs. Since this charge i= opposite to that of the
colloidal iren, it results in @ mutual attraction of ome for ihe other.
in this preesss, not only are (he plankters deatroyed by asphyxistion,
because of the inebility of oxygem to diffuse through the iron costing;

but also these orgenises are destroyed en masse by precipitation in the
*salting-out® of the ferric hydroxide.

Farrouz iron in the Curtis Creek area has its origin from the Krsbs
Pigment Plant and in Colgabe Uresk from the Glidden nwﬁﬁwamk and Pig-
ment Company., These plants in the precess of the manufacturs of a
white paint pigment from titanium dioxide, produce ferrcus sulphate as
a Byproduct. Ilmenite eand, Pe7iO; is the source uw,wwaxgway dioxide.
The former is treated with gulphuriec acid whick resulds in the for~
eation of ferrous and ferric sulphate. 'The latter is further reduced



TANLE 1L, Silteate-Sildeon Valuos for' duly 28, 1949
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REACTION OF COPPERAS DECOMPOSING
Fe SOs HYDROLYSIS
Fe SO, —— Y+ SO

2HO =— = Q20H + 2H"

|

Fe(OH),

FeSO. OXIDATION
4SO, T 4K + 450"

'4H

. clz
5 4FJ“+ 2HO

 RHO ———— IQIC[)H+ oH*
Colloidad ~ 4Fe(OH),

|

PP} 4f, (C)H)3

PLAIEX
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6 yield Lerrous ﬁwﬂwnf. The scuprce ¢f polilotion in Zear Jveek has
Ats origim i Musphrays Oreek Loko which aye swpbisd plokling liguors
from She Bsthlehex Steal Jorporatdan, which Jo reporied to ows the
erask in its sntivety.

Xotal Ison, sltheugh the forross iron wes net detected i ihe lower
roashiss of she Patapsco kiver, its effecty were sheervable as fndicated
by %he tetsl iron concentrations fownd in ihis reglen. Yotal iron eone
contrations revesl the course and atiesuatisn of the Lrea~forax result-
ing Troe ecpperas decompesition, when snslipsed in the Light of the
soluble sud lnscluble ires prassat.

The sangs of tutal iven in the offshure arsss studied was .1 DePre
- 1o 20,7 Pepette for the surfate waters and 2 pepeis 30 34.8 popesi. for
the bottom walars. The higher total fron welues wers feumd ip the |
polluted aress of Besr Opaek, Colgste Creek end Surtis Creek. The
highest values wars locatad in the lomadiste onvirens of the Copperas
disposal, dialalishing ia value frem the source. ¥or cuaupls, in Curtis
Gresk the highest corcantrations were found st 3tstiea X1Xic, from this
paint, the valuss decressss both ud and dowm the stream. |

Toe total fvon conoentretions, on &n average, wors fousd 30 be
higher in Guriis Oresk tham in any etber offchisre aves iudied. Yhe
aversge for this factor was fownd to be &.50 FePoma Lor tho sarfecs asd
Fulh pupuiie Tor the desper wnalarz. Total irven vwoloes of Busr Crask
wars fousd g b sppréciably less with conssntrabicas of ?% PePoitie.
for the surfece watsrs sad .58 ??&‘ fop the botton welsrs. However,
a4 that pert of Pear Croek where ihe weters of Humphreys Cresk mest,
ths concentrations wars .snmgﬁwﬁw g@iﬁ showing whe infivence of
ths sttor. Ses TARLR 12,
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Figure 1
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The ehore stations demcnatrated a total iron range of 0.1 pepum. to
10448 pepate, the higheat concentrations were found at Ststion 4 and
Brakien 63 Colgate meﬁw ﬁﬁ, Humpbreys mw&% u.a,_%anwwﬁu%. ?m average
n@ﬁarﬂanﬂawum. muu.‘_,nownmﬂﬁ Creek was foumd te be 44.6 p.p.wt., while that
of Humphreys Creek was found to be 36.2 p.p.m.

For the most part, the concentrations for total iren wera higher
for ,ﬁﬁ. bottom waters than they were wam. the wﬁﬁ?ma trnc@. in Gurtis |
Greek. This, however, was not characteristic for the other stations
auanwamw in faet, more nﬁﬁagﬂ#\ uﬁ.nu_,ao wvalues exceedead botiom coo~ |
centrations,

No significant difference was noted relative to sexscnal varlation
for total iron,

wwo fact that the ferrous ion 1s imsedigtely aﬁKmaaa_ upen boing
released in ths aquatic enviromment is evidenced by the fact thet fre-

- guently theys 1is ua aﬁnﬁnwﬁwwg batwean high ferrcus iron concentration
and total iron values. This is demonstrated in Plate XIIX, Figure 1.
The process of oxidatien cemtimmes to sccur in vegiens which ,mg rela-
tively distant from the source of copperas dispossl. Gbviously, this
,anwﬂww»ﬁ process, also continmues Lo draw heavily upea the dissolved
oxygan ia the aeres in which g»w cheaical reaciion is im process, thus
aceounting, in part fer the low values for oxygea.

The amount ef dilution from Station 6. Humphreys Oreek, which showa
an aversge concentration of 36.2 p.p.®m. %o Station ¥, st the mouth of
Bear Creek, agproximstely ene mile, demonstratisg an averags total iron
concentration ef 4.9 p.p.a. for the eurface; 1s BH.74 per cent. TIhe
dissipstion of tetal iron frew 3tation ¥V to Station VIIL, the mouth of
the Patapsco River is 59.51 per cent, while the degree of dilution frem



TABLE 12, Total lron Averages For shore and Offshore Stations
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Station Depth Goncentrationh |

| r.ﬁmtmn Depth i:anéeatratmn*

i Surface 2.36 X1 Depth L.43
11 Sarfece 2,26 X1z Bapth 2.57
4 Bepth 2.04 XI1X Surface 3433
11X Surface 2.25 XXII Depth 2.18
iXI Bepth 2,10 X1xis Surface 8.15
w Surface i.81 Xi1is Bopth . 727
v Depth 1.67 41118 Surface 7.87
v Surface 30 36 mﬁﬁ ‘ Bﬁmh : 7; B0
4 . Depth 2.93 JASRLH Burface 755
VA Surface 3.13 Xiiic Bepth 2.63
VA Depth 2.93 XI3ID Surface 6,61
VB Burface 2,54 XIIIB  Depth 7.99
VB Depth 2.33 RIIIE  Surface 5.33
Ve Surface 2.22 Xiie Pepth 5,50
ve Uepth 1.86 ALIIP Surface 6,17
Vb Surface 3.00 JI1IF  Depth. 2.67
VD Bepth C 294 v ‘Surface 3.63
VB Surface 2,67 X1V Dspth 2.76
Ve fepth 2.35 XV Surfsce Lodd
V¥ Surface 2,29 xv “Depth 2.33
VF Depth 2.27 1 Surface 3.94
VG Surface 2439 2 Surface L. 57
VG Depth 2.63 3 Surface 1.38
vi Surface 2,312 i Surface 1.5
Vi Dapth - 1.23 5 Burfsce 3.63
Vil Burface 1.7 b Surface 36.15
Vil Depth 1.55 7 Surface 240
VII1  Surface 1.76 8 Surface - .12
VIII Depth 1.94 9 Surface 333
1x Surface 163 . To - Surface 3.64
X Depth ‘1,99 71X - Surfsce 2.02
k4 Surface 3.80 12 Surface 1.9,
X Depth 2.8 i3 Surfacs 2.40
31, Surfues . LBk 34 Surface . - 3,80

5
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there does not scem (o be any correlation betwesn the two factors., {Plate
11X, FPigure 2).

From gtation 6 to Station ¥, Vhe seluble iron concentration has
been reduced by 94.65 per cent and $o Ztation VI1l, the concentration
was reduced 96,47 per cent. As in the case of total iyes, soluble irea
- values roach thﬂi& maxium @ilﬁéiﬂm before they leave the region of their
origin.

Inssluble Iren. Insoluble iron represents the extent snd sres of

ferrie hy&raxiééwﬁregigitation, and csn therefore, bs directly corre-
lated with the ferrous iren decomposition-factors. The insoluble iren
range for the surface of fshere area studied sanged from 0,39 p.p.m, to
3.90 p.pems The desper offshore waters demonstrated somewhat higher
average values ranging from 0.30 p.p.m. to 5.66 p.p.m. Ao expected,
those stations yielding bigher concestratiens of other forms of iren
showed s significant incresse in this factor (Plate XIV). 4&s in the
case of soluble iren and total iron, the higher velues for insoluble
iron were found in Colgate Creek, Humphreys Creek, Curtis Creek and Besr
Creex in descending order of concentration {TABLE 14).

From Station € to Station ¥, the amount of insoluble ireon is re-
duced by 78.6 per cent from the latter station to Station VIII, the in-
saiu&la'$ran-Vaiua has bheen decressed by 82,26 per cent.

Bitrates. The concentrations of nitrate-nitrogen i the Patapsce
Rlver follows a cycles which is charscteristic for both surfece end
bottom water. The range for this factor veried frem 0.60 p.p.m. te 3,60
pepe. for the surface offshors waters and from 0.80 p.p.a. to 8.40 pop.m.
for the bottom offshore waters. TABLE 15 shows average concentrations

for each slation. The surfece nitrate values, were generslly excesded by
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Station Depth. Coneentration  Statiom Depbh. |, Concentration
U s s TR T op o o s P BePette

PR e irigrdmrors : : RO

¥a Surlace .89 iliia  Surfece 2.90
Vu Depth L85 £113ia Deghh 401
Vb Burfaco. . .. B3 Xillb  Burface 362
1§73 Geptli - 490 % XEXIb - Dapth b 5k
Yo Burlace AN 31ile gurince 2.68
Ve Lwpth 73 2¥3ie Dagth 1.
¥d Burface ledBt Xiiid Burface .46
Ve Burface «54 X1lie Surface .38
Vs Gepth o 'fi XIlie Depth 3.03
b2 14 Surface .03 Xraie durface 2.01
vr Bupth 1.08 AYIIE  Depth <77
g fuvrface + 79 =Y Burface 10.36
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. Except 't@r the verticsl sixing at the time of vernal snd autumnal
circulation, the bottom waters eof the deeper stations appesr to be sore
concentrated than the surface waters relative to nitrite~nitregen. 7The
range of the surface~bottem differential varied from 0.00 to 5.04 p.p.s.
The greatest difference is evidenced in the sunmer when strstificstion
is at its maximom., The apparent lack of this difference is found only
in ths more shallow stations where atratification is wanting.

Although nitrite~-nitrogen values follow the same general pattern,
relative to upstresm variation, as does nitrate-nitrogen; there appears
to be no corresponding inverse correlation in specific instances rela-
tive %o ssasonal veriations. In many eases, an increase in ons or the
other of these factors is not paralleled by a similar decreanss in values
by the ether. HNor in this study has it been {ound that high nitrate
values are associated, in most cages, with corresponding high vsliues of
mitrite~nitrogen.

¥No significant difference has betn cbserved between the nitrite
concentrations of the pdlluted waters and those of the nom-polluted
regions,

Puosphates. The concentrations of phosphatea in the Patepaco River
and the "m:uks that feed it are exceedingly high. th;ahat;t«ghﬂapmma
values ranged from T.48 P.psme L0 14.80 p.p.n. for surface walers froa
7491 papelte 0 15.93 p.p.m. for bottom wators and 7.97 p.pen. to 11,06
PePeims for shora waters. Consull TABLE 17,

Seasonsl variaticn was evidenced at all gtetions, The highest
phosphate concentrations ware obssrved in lste winter. Phosphate~phos-
phorus began to decline in value in Narch with & sharp drop in valus in
April amd continuing its gradual downward trend 1in Nay, June and July
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reaching a minimum in the lstter month., Thess values begin teo riee slow~
ly from Augnst to October at the end of which time there 1s a asudden up-
m-xsé surge in value reaching a maximum m‘ winter. Ses Plate XV, Figure
3, The greatest range in variation was noted in the upper resches of the
river -#hnn the lsza saline waters are found,

Except for vernal and aatmmi circulation, the surface waters were
mm ts he m&cc&ed by the 63«;@&1* waters in z;hanyhatw-phospmm e
centretions, a2t most stations, partiealwly those pearing the mouth ef
the Patapseo River. Stratification wes moat apparent during the .6mei;'
when the wniséf @s 8 whole was nore heterogencous. The aurfecs~bottom
differential during this season varied frem 0,0 46 3.5 p.p.m. The ab-
sence of stratification was .'faum&, axpectedly, at the shallowsr s&#i@m.
As the waters bLecame nore homogeseous because of mixing, the surface-
buttw difference émmtraﬂé a corresponding marrowing of range.
Euriag winter stagnation the mtfaea-»bmtm éift‘armtia}. ranged from 0.0
‘to 1.5 pep.m, 4Again, a surface-botiom difference was found wanting in
the shallower waters.

Tite head waters of the Patapsco River, Pear (reek and Curtls Cresk
demcnatrated significant differences relative to phosphate concentrations
- The highest values for this factor ware témné, in the uppsr reaches of
these waters, while the lowest values wers found at the mouth of the
rivor; altheugh the 3.;&.01* were by no means _phaaﬁhatnwpoar*. It will be
noted that Statien XIV, which colleots water from the head of the
Patapsco River, yielded an average éanemﬁratiea of 14.80 p.p.m. fop
surface waters and 15,38 p.p.m, for the bottom imﬁira; Idkewine, in
- Bear Creek (Station VI and Vg high concentrations of the hesd watess

are further 'txmplifig& by the }éﬂm&tﬁ.‘ve m‘fnﬁu*ﬂlﬁw averages of
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13,03 popem. and 13.38 pep.m.; and botiom water valuss of 15.28 p.p.m,
aud 15.48 p.pem, The amount of phosphste~dilution from 2taticon ¥ to
. Station VIII 1s 34.15 psr cent for the surface and 46.52 zﬁr cent for
the bottom, Howsver, from Station Vg to ¥, the awount of phosphate.
dissipation amounts Lo 8,87 per eant for the surface snd 0.72 psr cent
for the bottom, It ig c:'!:sy:iém' that the amount of V;ahemmtuwphmpmmt
available for plankton utdilization is not significantly decreased, This
same condition is characteristic fer Station I through 8tation ¥V om the
north siﬁa of thé Patapseo River and Station XIV and ALIT on the wat&_i
side of the rivar. The forsgoing condition does not exist 1 Curtss
Croek. For sxample, phosphate~phosphoras of the surface water is re-
dugec_i':‘is;f;?g;eﬁs'\"m}* cent while the desper waters are t@é#ced by 43.82 per’
cent from the head waters to the mouth of | ﬁurtia Crask. |
031 and Grease. Oil and grease is «imm to kili off all forms of

orgenic 1&1‘3, m«gﬁ for & fungus which thrives in the ares of severs
paliumaa,~ This pollutien is an exceptionslly serious one in the area
investigated. 8o acute was this condition thal several times during the
year this study was conducted, the beaches of Bear Urssk and Stats.m; 13
end 14 wers completaly covered with oll. On several mcca_gmm s the
greass balls washed ashore were ss leéerge as speedbzlls, Plate XI, Figure
1, This cendition was goute &#awxy shore statlon 80 per cent of the
time sssples wers golleocted,

. The grease balls have their erigin from Humphreys Creeks, ancther
waste resulting from the ztesl indusiry, .'it..t‘tw been reported that these

1 . .
. State of Wew Tork Conservation Department, "4 Biological Supvey
of the Erie~Niagra System®, Bupplement to the Bighleenth Annual ﬁmrz,

1gz8, 470687
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It was obmerved that phytoplankton was the predominant fomm in spring
and that t@eaeiarganiaaarmt$§t51n~thia,aamarical supremacy throughout

. the avmmer. ©OF the physoplantonic forms, algee wera for the most psrt
in domimance in tﬁa,hcaéwatars of the Pat;gsga River and in Cuptin
Oroak Area. The waters of Curtis Creek wers so bountifully sopplied
with slgme that the wators were grass-green. Thia sonditien existed
from late spring throughout the summer. However, in Bear Creck, the
predowinsnt phy&aylunkiera ohserved were the distems. although algae
did exist, jdentification of the foras ia moel casgs wsn Laposeibls due
to the severe flocculation of iron Wydroxide on the forma. Since a&aai
forms favor lowered pH valuea, one would expect the waters of Curtls
Creek to bs envirommentelly more condusivse to thsir growth particularly
since the hydrogen-lon concentrations of this region were consistently
much lawgr thah nﬁh3r regions investigated., Xooplankton wasg found te
be in tho aivority in the river and its trilutaries throughoud most of
the yesr, Of the zooplankton observed, it wag. noted for thelusss part,
t@o protosca and the rotifers ﬁ;xs in»iaar%aaiﬁ nunbsrs toward the
headwaters of the river. GCopepods appesred te favor the more saline
waters near the mouth wateps of the estuary, since they were found iam
sxniler ausbers in am upabrean direction,

The forsgoing was characteristic for the umpolluted waters of the
estuapine waters of the Patapseoc River. In the poliuted vegions of the
river and the cresks, the condition was quite diffavent, In scke in-
stances, certain forms of phytoeplankton, ﬂémaly the algae, wera wanting;
the diatoms were found im relativaly ssall mumbers, In other gases,
asither algas ner distens were in avidence, In still sther cases,

neither zooplankton nor pﬁy%@gianktan viare found. nxazama sppeared, in
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general, to be more resistant to pollution than either the sigae or the
protogos (TABLE 19).

It wan cbserved that tho diatoms were least affected by low oxgyen
concentrations and low pif vealues. ?loﬁeulatiﬂnvaé iron appesred t0 be
the am#&itieaiag factor for it will be noted that in the Bear Creek
area, although concentpations of oxygen, which normslly support plank~
tonic growth did exiet; & total sbseace of all forms was observed, Fur
ther, in Curtie Creek lowered pH values sccompanied by velatively high
oxygen concentrations ard lsss severe floc produced some distom growth,
It seems possible that the severity of iron-fiocculation, pH values and
finally oxygen conventrations sre in descending order the factors
limiting the growth of dlatcms,

Relative to algal growth, it appears that these organisms favor low
pH values, but cannct withstand severs flocculation aad low oxygen con-
centrations. This is oupported by the condition which existed in Bear
{reek where their absence was conspicueus,

The protozos uppsared to be most susceptidle Lo unfavorsble envir-
cmental conditions. For example, no svidence of the protozoa was 6he
countored in the estuary or tributaries in which oxygen concentraticns
fell below 4,00 p.p.n. or reglens in which the hydrogen~lon concentra~
tions fell pH 4.5. This probably asccounts for the absence of these
organisme in the Bear Creek region end 1n parts of the (urtis Creek area
and in the northwest_béannh of the harbor,

.Fith veference $0 the relative abundence of the various specific

plankton~foras, it will be cbserved from TABLE 18, that most widely

distributed dietoms ware ggalmtﬁila comta, gyeinﬁe;;g_ﬁnncghiaigqg,
gigaachi& pslsa and Surirelle pulchella., Obviously wide distritntion
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of plankiton deoes not necessitate nbunﬁaaag of thet particular form; for
it was obesrved that although certain forws did not demonstrate a wide
range of distribution in the sstuaryy when present, they wers ckbssrved
. 4n abondasnce (TABLE 18). ‘fThe foregeing cendition was noted ralative to
all forms of rooplankien anﬁ:phyﬁﬁpiankﬁqn* For exampls, Chorsila
variegata was cbserved m éuc;ta tramendous {;;mnﬁitﬁin in the Curtis Creok
aroa that it imparted a vivid green color to the water in that region,
while im other regions of the estusry they were found to be very scarce
or wanting,

The copespods were found in various stages of development at almost
all of the staticns, Their quantity varying from very scarce to very
sbundant, depending upon the locality. This i{s likewise true of the

rotifers,
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Forms

No. Statlons

&bmdanca '

Distonms 1

Achnanthes affinis Grun

Amphiprora gafu&ibst w. Se,

MEhem acutiunscula Kts,

: n_x@ coffseifoymis (Ag.) Ktz.
E% O“li Kte.

ﬁhnatocegg subtilis Cleve.
Chastocergs sp.

Cocconels diminuta Pant.

Cyclotella comta (Bhr.) Ktsz.
Cyelotella Qmergtn Bachmaon.
ggewum mélosiroides {Kirch,) Leam.
Cyclotella Memephiniana Kte.
Cyclotells plankionica EBrunnthaler

's;clotona guadriiuncta Schrot

!Qlﬂtbuﬁ BPe
Cyclotella atrista (Ktz.) Grun

Cymbella affinis Kts.
Cymbella sp.
Cymbella ventricosa Kt.z.
Cymbella cistula {Hempr.) Grun.
Brustulia rhombides (Bhr.,) De Toni
Frustulia saxonica Babenh.
honema olivaceuwn (Lyngb.) Ktm
ntzschia smphioxys (Ehr.) Ktm ,
Nelosira Borrerii Grev. AN
¥elosira italica (Ehr.) Ktz.
Melosira moniliformes Ag.
Meloaira puomuloides (Dillw,) C.A.: -Ags
¥elosiFa octogona A.&fe ii. ﬁar:lbemdii Emn}
‘Melosira eps : -
Naviculs ambigua Ehr. .
Bavicula gryptocephals Ktg,
- Havicula elliptica Kts.

Waviculs (iploneis) interrupta Ktzi = &

Naviculs lanceolats (4g.) Ktz
Naviculs W (:&hr,} Ktz

Havigula &p;

wvwwwwmwwwwwwwwvwwwmw»qmpgwW5Mmeprp

i EARREEEL

* §a‘ * %% gx.>1rv:i¥§§;=;§ FEEG XA R S £ L

1i3
i i

1 -Idmtirxeatiam by Paul S. Conger

##s0% . yepry abundant M - scayace
#¥HE . abundant * .« very staracs.
#HE ~ average -
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TABiE*;au@ontigaed Plankton~Forms and Helative Abundance Observed ‘

wepm ?'* o, PR S w S
i

Forms | No. Statlons _ Abundance

. ¥

Biatomg continued l f' ‘~ ,; o

'Eavieula viridia (ﬂiﬁasch) Ktz;,
Fitzschia filiformis (W. Sm.) Hust.
- Hitzschia Kutgzingiana Hilse’
Nitzgghia obtusa W. Sm,

Nituschia palees palee (Kéz.) W. Sm,
Hitzschia (Bacillaria) paradéxa (ﬁmyl.)
Nitzgehia parvula Lewis
Nitzsehia scalaris (Ehy¢} W, Sm.
Nitgschia ggggeiﬁ (Ehy,) ﬁ, St
Hitzschia 5Py
Nitzschia Tryb. Lanellg Hantzsch var.
Nitzechia Tryblionellia var. salinarum Grun.
Nitzschia vermiculapis {Ktz.) Hantzsch
gleurosigma aps
Pleurogigma sgencerii
‘Bhoicosphaenia curvata (Ktz.) Grun
Skeletonema costatum (Grev.) Cl.
Stauroneis Spicula Hickie
Surirella angusta Ktz.

Surirella Gemma Ehr.
Surirella linearis W. Sm.

Surireila ovalis Breb

Surirella ovata Kts.
'“nrigalla guavxca Zell
 Surireclla tencra Greg.
Synedra - gulchalla ‘Ktze
Synedra sp.

Synedra Ulna (Nitzsch) Ehr.

Thalassiosira condensats Cl,
Ghlorogggeeaa 2

Larteria sp.
Ghagggydamas BPs
Chorells variegate
Ankistrodesmus sp.

ide
Feiedet

w»#g?wwwwwﬁmwwvmwwﬁwwwwwgppwm"

é

1 xdentz-ﬁ.eaw,an by Paul S. Conger
2 Identification by Robert 4. Littleford
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TABLE 18 Continued FlanktoneForms snd Bslative Abundanse Observed

Forae

. ) %ﬁumm

#m&m&

%mww@%gwﬂa
@E&%ﬁﬁ& :

Tom greeild
&w@wag&&ﬁa
_gwﬁmrcm

'ﬂ»

?m mﬁ

aioaps
qﬁ&ﬁﬁwﬁﬁﬁﬁwmﬁﬁ

ﬂngicgagg;eaag

B

~g

kdsyawm

(=2

e\

T

s¥nd

33

‘**#ﬁﬁ#*

" 1 Identification by Kobert &. littleford




109

TABLE 18 Cohtinued Plankten-Forms and Relative Abundance Observed

Forms .= No, Stations _ Abundance

G gggad l

Cyel gg vernalia, Fiaaher 5 R
Cyclops “ap. o

Cyclops sp. . '

Lopepod naupliug A ST A

Eurytemora sp. Lo R
Eurytemora sp. R - o
Burytemora affinis "o

, Naug EP»

Ciaégcera

R
i

we
R
M

#3F

o W wwwgngyﬁ

Rotifers

1 Edgﬁtific&tiana by Paul ;;'1113
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CHAPTER IV
PISCUSSION

From the preceding chapter it is apparent thet the results varied
seasonally from station to station relative to the physical anﬁ chemical
factors investigated., A dlscussion of the factors sad their interaction
followe: |

Temperature, The temperature charzcteristics of the Fatapsco River
and its trilutaries are not unlike those of other sstusrine waters of
this geographic arsa. The lower temperatures appesred in January and
February with e gradusl increase resching a maximum in July. The lowest
tempsrature recorded in this study was 7.0°C for both surface snd botiom
waters while the highest temperature recerded was 32,0°¢ for the surface
and 33.00C for the deeper waters.

Harked teaperature stratification was observed at the stations
where deeper waters prevailed, while stratification at the shallowsr
stations was alight or wanting. The surface-bottom v&riuﬁt,dié not ax-
ceed 3.0°9C and expectedly, the deeper waters domomstrated this differ-
ence® to a greater degrae then did shallower waters. Hisilar results

X 2 3
were obtained by Cowles, Newcombe, Horne and Zhepherd, Newcombe & lang,

i

R.P. Cowles, ®A aialagiﬁal Study of the Gffshors Waters of the
Chesspeake Bay®, U.%. Dept. of Commerce, Bur, Fish, Bull. XLVI, #1051:
278-381, 1930. .

2 . . - , '

C.la Howcombe, W. Morne and B. Shepherd, "Studies on the Physics &
Chemlistyy of Bstuarine Raters in ﬁh«nup«ake Bay? Jaur. Mar. Hesearch.
IIfz87-116, 1939,

3.
C. Nowcombe & A.lang,"Distribution of Phosphates in (hesapeake Bayl
Proceedings of jsmerican Philosophicel Soc..81,#31393«420, 1939.
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1
and Kash.

The surface water temperatures vacillated with fluctustions of at-
mosphsric temperatures, tﬁa former exhiviting a lagging effect. The
mean atusspheric tempsraturs was obssrves, in general, to be higher than
that of the surface water }ﬂ summer sad lowsr in wiater. - It might be
aigaifiea'n% *t# nete at ﬁisia polat that the sweser of 1948 was atypicsl
‘.‘m that mmmmmx low Lemperatures prem:iléﬁ with large amouats of
prneipit»a%im‘ A

As previcusly mentieoned {page 59), marked Leaperature diffevences
between the poliuted and won polluted freas investigated wers not sn-
countered, |

Rydrogen-ion Concentyation. The pH of the waters of the Fatapsco

River ahewe# & wide mz?iatiﬁn renglag from very acid waters in the Pear
Croek snd Qurtis Creek arsa to the &éuraﬁtwiﬁtic slitalime waters a“i the
mouth of the river. The low pf values of the waters of Colgste Creek ape
a result of the wsgbe producte frmA the mgém ’ﬁnmi.cal and Pigment Co.
The Glidden Chemical and Pigment Ammar is 2 manufscturer of white
paiat, In tijst j'm;caaa of ite menufacturs tltanium diexide is obtained
from ferrous hii;amt,e (Fai‘iﬁa), ilzenits sand, The exiraction is accom
plished by the use of suifuric acid whieh ramoves the iron from the il-
meniie, forming forrous sulphate. The hydrolysis of the latter resuits

" in a drop of pH.  This seme mu’ﬁimm is parelleled inm Curtis Oroeek by

the eappméaﬁ _éi;pamé by the Krebs pigment plant. The discharge of the

) 3 : :
C:B. Wash, "Bavirommental Charvacteristics of a River Estuary”,
Chesapeake Biol. Laboratory Publication #64:147-174, December, 1947.
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unclaimed fres ascids in the msnufzcturing Procsss may bde considered as
the sesond factor responsible fer wo: hydrogen-ion concentratisns in thess
waters, . .

w,w nas e@aﬁnﬁgaww« » 0 an aversge, bthe pH values for the surface
waters im the Curtis Crevk area appesred to bs somewhat higher than that
of wﬂa Mw!.@&ﬁ waters, For sxample, the aversge ua foy the surface was
3.99 while that for the deeper watera was 3.79, This condition was not
foand to ke %w&awﬁpﬁ_ﬂn, for the Bear 96@# drea, In the latier, the
pE valuss wers is reverse to thet fouwd iz Curtis Creek. The surface
waters appearsad to be mere acid than those of the bettom,; having hydrogen~
jon values of pK 5.38 and pH 5.40 asnmnaﬁc.&%. The Bear (peelr condition
can probakly be axplained on the basia that the acid waters have their
origin in Bunphreys Cresk imbe whichk the pickling liquors ,_uu&t the Beth-
lehem Stesl Company sre emptied, The Lighter less aaline waters (2.6 p.
pets) of Buaphreys Crask tend to flow over the demser, mwers szline waters
of Baar Creek {3.3% p.p.t. for surface and 3.64 p.p.t. For bottom).

Seasomal waviaticn relative to hydrogen-ien agnna«xﬁwwu w&s ®et in
strong evidence, This dosa not seem unlikely since the effluents are
suptied into these poliuted areas throughout the entire yesr. It will de
neted, however, that the pH velues at Statien IX remain mors or less con-
stank, renging from pH 7.0~ pH 7.9 for ths surface and 7.2 to 8.0 for the
bottom. It wes observed that ths bottom valuss were in genspral, greater
and never lesa than the concentrations of the surface waters.

A somparisen of the surfuce~-bottom velues reveals & mwﬁwﬁw»aa
whiel appesrs te %s more msrkod wg the bobtbox waters. It might be con-
cluded thst in the unpolluted sreas of the Fatapsco Kiver, s significanmd

differencs in hydregen-ion conceatration was noted ncither relative te



stratification nor Lo seasonal variation sven theugh the pH vslues,
#&wgh slight, wers nigher from late susmer through the winter. This ig
in agrosment with she &mﬁiw of Mrast apnd ﬁwembq,l Qlson, Brust amd
‘.!‘raamer,ﬁ end ﬁaah.3
Points of view miativﬂ t8 the effeci of pN on g.‘&mts &nd animels

in an sguatic m?immt are varied. Eail.y# is of tﬁn ainmiaa that BH
exerts 1ittle if. ary iafluence sa the sessansl periodicidy of p&wteyhnku
ton, Kuﬁfzhimwﬁ gueaﬁem tha @@tmﬁ ux g?ﬁ on the ;aapulauaa of amy
aﬁwio. ﬁw«wr,ﬁh« cmlu&cd eﬂi«atu in aaprabi@%ie esavivonnants,

Hiestand and Nale maintains that mymwmmptim of gastroped melluscs

H.?, Brust and €,.L, Xewcombe, *Obsysrvitions on the Alkalinity of
Eatuarine Katera of the Chosepaske Eny iimr 8919%;&5 Ka&né s Haryhn&,
Jour, hrﬂn #ﬂl, 3.11,#2, 3-.9#@; : } o

R b Giwts, ﬂ.?. Srust and %,.L. @runl‘r, "Studies af m‘t.ets az

Indust, Pollution in Lower F;%aww Biver Avea®, Ches, Blolog. Lab., Pub,
#‘03313@, xg?ﬁﬁb&r, }.?id. -

3 .
€., Nash, *Envirornmental (hurscieristics of a River Batuery®,
Chasapsaks Biol, lakeratery Publiestlon #643147-174, Decesber, 1947.

4 : . ,
W4, Daily, "2 Quantitative Study of the Phytopleaktien of Lake
Michigan Collected in the ¥Vicimity of Evanston, ¥llismois®, Bubtlez
ﬁni*grﬁ%s Mm@ﬁl &ﬁuﬁi"; &eé), 1?35#

5
€. B, Mubchinsen, "Ecologicel ispects of Succession in kamm;&
Populations®, The smerican FNaturalist, LXXV: wéwm, BL 7%

& , ,

¥, A, Mlestand and D. ¥. Hale, "Respiration Madies with Fresh-
water Molliuscss II Oxygen Gomnsumpbion in Relation te Hydrogen~-ion Con-
contration”, Pro¢. Indisus Acsdeny of Sciense, 47:293-298, 1938.
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is properticmate s the hydrogen-ion aaa&wnﬁgﬂmﬁ. Bimiler resulis
were obbained dy !!,'mnm{l with planaria. 1:;113 nyted that oxygen Consump.
tion of puffer {ish wes checked by imereasing the pH,

Saliantty. The salinity-pattern of the Pﬁa;anga‘_'mmr followa the
ssae general pattern ss thad for ather sstuariue waters, It was observes
that the kes® waters of tha htimm mﬂr were less seline than ths
wators at the m&w and that She desper ﬁﬁiﬁi‘& wore ;nrf sencentrited
than the surface wsiers, This Ls in agreement with the work of ¥sllas,
Basley and !imdarwa’ M %’:ﬂlﬂk; | V

mnmﬁaﬁm wis found beth at the shallower atatiens »s well as
the dosper water statlions, alihough the surface-bottom differeitiisl of
the former wes far the sost part, lsss proasunced ihas that ef the latter,
It was further obeserved that ynaipﬁatim asd an appreciable effsct on
the salinity, diluting tﬁu surface comventratione. Ais pravieusly aen-
tioned, the concentrations for $his fecksr weuld Mave probably bese ser-
kedly different had not the yesr during whioch this stvdy was comducied,
hean so desntifully seppiied wish raln.

1 ,
N, fyasn, "Cn ths Astion of Certainm Substanses on Oxygen Con~
sunptiont¥i. fhe actien of Acids”, Blol. Rell. 49:288-322, 1935,

2 . ,
F.G. Mall, *Mhe Aeility of Commen Muckeral sznd Certaim Gther
Narine Fishes to Nemove Dissulved Oxygon from Ses Watar®. suer, Jeur.
?Mﬁn ’3 3‘&37“‘531‘ lmi

3

R.C. Walle, R.E. Failsy, & E.F. Hepdersnn, "Selinity of the Haler
of Uhesapasks Ry, Bepartment of the Iaterior, 5.8, Geol., Surv,,
Professional Paper 1A5-0:105-152, 192%.

4

R.P. Cowles, *& Blologieal Ztudy ef the Off{shora ¥Waters of
Chesapeake Bay”,’ U, 8.Do1s Elm of Fiineries Boli, 101913785381, 1930,
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Seasonal variations were not in evidenee at the head of the Patapsco
River, while at the mouth; the lower sancentraticns weps foumd to ‘aeem’
in winjer wiﬁh £ gradual incrsase in spring resshing the highest soncen-
tration in the fall, Sismdlar resclis have besn racordsd in the worke of

Eswosmbe, Narne, & &hmhawi Mewcombe and mnf » and 3&3&3.

e;&swn, Erust apd ?ﬁ‘a&a}.wﬁ Tound insignificant differsacss in the
salinities of the woters ef Curtis Qresk, This is net in sgruement with
the ma@h@_ of this study. The salinitice for the stations in Curtis
Grosk demonstrated 8 wider range than msay of the other statiens, .F@r
axsmple, the salinity fer Bsar Cresk an& its tributaries averaged 3.39
Pebot. Tor the surface amd 3.84 p.é.t. for ths bottos m%&éa,' witile that
of burtﬂ.u Cresk averaged 2.‘?3 Dt for the surface and 3.&%';5 p.p.t. for -
the imifbm. Although the overall average salinity of @arsia Cresk was
feund to be less than that of Boar Creek s the range and surface-bettom .
ﬁ'iffcrlmtial was by far the grealer in the former. In the cose of the
latter, the range of S1ffaFence was found to be from 0,00 to 4435 pepet.,
with an aversge difference of 0.37 p.;&..t.r | |

1 : .
£, Newcombe, %. Borne and B, Shepherd, #8tudies on Fhysics & Chem.
of Bstwarine Waters in the {hesspeake Bay". Jourmal Mar. Resssreh
xmz:s%m, 1939.

2 . o
C. Newcombe & 4, Lang, 21,#3:393-420,1939, “Distribetion of Phes.in
Chesapeske Bay't, Froceedings of the american Philosophical Socisty.

€.

3
€.B. ﬁash, vEnvironmental Charactbaristica ef & River ﬁatuary s
ﬁhﬁﬁﬂg”k‘ Biol. Xiﬂi‘h, k4 uh»m# u}?’”x-?&; Bec. lﬁh’h

k

K. 4, lean, M.¥. Brust and W.l. Tresaler, "&tudies of the Effects
of Industrial Pollubtion ia the lower Patapsco River Azrsa®, Chesapeake
Bielogical Laboratory Pablication #43:1~40, Rovembep, 1?&1.
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In eonclusion, it might Le stated that ths wide varistion in the
selinity of the estuerize waters of Lhe Patapsco River is & result of the
cosbined effects of tides, precipiteticn, comvection currents, influx of
less seline waters from the $Pibutarier 2nd vermel asd sviumsal circula=
tion all workisg acre or lews indspeondently,

lgggxgg‘ In saa ugpéil&tc& arses of the Patnpacé River, this Lacter
possesses the same chavacteristics of other typical hodies of water.
Sosaeaai.variatman of oxygen eincantrations mas ohssrved for botk the
surface and botbem waters, These %ria&iéas £r¢ ia conforalty with those
of othey lavestigsters, Jdccoerding %o aaakz, the %alues for this fsoter
in the Pavaxent River wers slso noted te vary on the surface as well as
in the despor waters, A decreass igxg conceptretion was mﬁé baginaing .
1n March, attaining the lowest value in August. This was, likewise, ob-
served in this study. In the Chesspeake Pay, saaseuii-var&&ﬁiam"qampurf
able te those eckown hare wars reported by Haweombe and ﬁarnﬁg & Newcpabe,
Horne 2rd aksphard.a ’

The foregoing investigatora alse found definite oxygen siratificat-

don in ﬁ&a Patument River and Chesapeske Bay respectively. Ia the latter

1 : :
€.B, Nash, "Enviromsental Charscteristics of a hiver Estuary®, «
Ciissapeaké Blelogleal Leberatery Publication #6431L47<174, Dec. 1947.

2
Jo Hewcombe and W. Horme, "Oxygen Poor Waters of the Chesspeake
wqﬂ 5@&9&9@, &8,@?2‘?3:%3&, 3“333.

3

¢. Sewcombw, ¥, Horne and B, Shepherd, ¥Studies on the Fhyslcs
and Cheuistry of Estusvime Woters in ‘the Chesuponke Bay." Journsl
¥arine Research, II§2i1B7-116, 193%.
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body of water, Newcombe and others are &f the a&&m:a that stratification
mﬁaw to become impsrceptible in upstresm greas, This condition wss
neithsy cbserved in the estuarine waters of the Fatuxsnt investigated by
iau%xl, noy ix‘; the pmnizb stady of the Patapsco; although a dilfsrence
in the surfaca-boties varient was observed proportionate to the depth of
the water from which the sample was collected. It 4s probable that tbe
greater differencesof the surfece~bottom exygen concentraticns reported
for the Ohssapesks Hay then those nhmrwﬁ; in the estuaries are & resuld
of greater density stratificatlon of the bay waters. This greater den~
sity stratificetion in the Chesspesice Hay waters may account for the
seysrer depletion of oxygen in the deepsr waters during the sumeer xonthe,
in the ganm;wé_ aresn of the Patapsco River and its tributaries,
- which comprises by far the grestor psart of the estuary; conditisas sre
gaite different. Concentratioms of low valwo prevalled during mest ef
the year throughout the Beur Cresk and the Curtis Breek regions. The
lowest wvalues ware observed to have occured in the swaner, This is probe
akly due to the cosblned effects of high temperatuves coapled with low pH
coneenirations. The latter appesrs to make the situation even more acute.
The eenditien of oxygen deficliency, whelhar » result of lowersd tempers~
tures, or to low hydrsgen-ion concentration resulting from industrial
pollutants or to ihe eombined effects of the two, still makes the onvda-

. 2
onment unfit for azguatie life, Oxygon consumption was observed by Hall ,

CeB. Hzah, "Eavircnmental Characteristics of & River Bstuary®, -
Shesapeake Biolegicel laboratory Publication #64;147-174, Dec. 1947.

FuG, Kall, "The Influence of Varyiag Oxygen Tension Upon the ‘
date of Oxygen Comsumptiom in Marine Fishes”, im. Jour.Physiocl., 88:312-218
1929. '
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to be greatly Snaresaed by M taperatuires and pPelarded by an Sncrosse
in Muﬁwmu.wmﬁwww% ma,a»f has desongtrsted that mﬁamm»
snvircatente (4.0 $0 3.5 0.6./1.) sither dangerously weakensd op com-
pletaly stopped vital physioleziesi aﬁiéﬁ&i&# of most aqguatic srgsniasxs.
Bnvizorasnts thus beesms sstablished which are eenducive for the growth
and xgintormsnce of fic&iﬁami;ev snd sbligebory anmersbic forwm. Bxperie
ssata condacied by Ritenliag on paranscis peveslod Lhat those organiens
Piaced Sn sanerchic enviresesnts for only shert periode ef Lims recovered.
Hexuver, with prolanged yvim af ng detioieney, the parsmscis
saffersd bliistering, cyboaysis and owssabiion of vital setivitiss,

Fish in the golluted scess of Grays Hasbor, wcidbited the asme phyai-
ologiesl raastions or somparable resetions to '&twn fish {a the Inbors
tery whieh disd fyom oxygen mz'i.ninmgr €‘z‘mmm} .

In the Curtis Creek sres, critioslly lew ceacentratiasne of wxygen
wers found by &m&, The éxygeimpeor waters wers & pesalt of cepperss
dispossl., Tols situstise is stdll senifesied Sa tikis sres ap sabetonti-
sted by the pressit sessarch. - The cxygen~posr waters of Besy Greek omd

3
¥, Blila, *Deatection m& ﬁwaﬁrm& of Preress Pollotien®, Ball.

#.8,. Bgrose sf Figharien, XIVIT1sH5-437, 1937,

2
ﬁ,ﬁm&wm@g, "Tig Sgi‘wm of & Iack of Oaygen axt of low
Onpgen an &mﬁwﬁ mx. Ball. mﬁ.’itwﬁuﬁﬁﬁ, 1934,

3

Lol Towsnnd, #. Epiecksen and D, Bsvaasty *Progress Beport on
Fisid inmtigaﬁi@m and Hesearchk®, Wash. $tote Pollebiom Cowsission,
Becaber, 1938,

&
Kohe Oison, B.F, Bpust snd %, L. Trossler, “Studles of Lbe Hilects
o Induatriad Poliution in ihe Lowesy Patepuve Mwer ives®, Uhesapaaks
Biological labwratury FPublivatien $59:3-40, %’#mw, l‘?&h



2z

its triﬁzx%ri&a and by Colgate ﬁyenk; likewise, are due to the influence
of isdustrisl pellution,

At other ,statmm.iﬁ the Patupace River, life-~corditioning sxygen
concentrations result {rom fertilimer products snd refuse oil. In the
case of the oil, & thin film of this was feund coverfng all of the skore
stations and most of ths stations at the upper resches of the harbor.
Aggraveting She eonditiom ef oxygen Sspletiecn, in the head waters of the
Patapsco aleng the northwest shere, in addition to the sforemartioned
factors, is ene whick resulits from the ﬁaéaapaa&%ﬁaﬁ af vegetable wasten
from the ¢snning facteries in thiz reglen. 2rni%tl in an jnaus) Heport
of the thesapesks Blologlesl .I.gbemwtf reported a sisilar situation in
the Pacoaske Hiver:

Ve the Focomoke River was investigeted with regard to pollutien
by deconpesing ergsnie matiter from tomste cannery saste, The effacta
produced by rapid devomposition of this suterial were indicatad by ab-
noroally lew dissolved sxygen concentration and low pi values that
were prevalent in the rsgion sxtending frem the scurce at Pocemoke
€ity te points some distance downstrean'.,

Although detrimentally low valuce of dissslved oxygen de net nor-
mally extend beyond the maéﬁza of Bear Craek and Curbis Creek, it was
obeserved that on several oscasions these chgma&uﬁ.atmnuy p@ér coneens
tretions provailed to Station ¥il and Bation VII1, st the mouth of the
i&%&psan river.

Garben dioxide. As stated in the results (page 74), the chemical
fm%r cxhi&;tiﬁg the widest a'angé in concentration was csrbon dioxide.

On a whole, the range of the surfacs water concentrstion appearcd to be

Re Truitt, "annual Repori®, Chesapeske Biologieal Laboratory,
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wider than that of the deespsr water, with the lower limits of ‘:hath being
the seme and the upper limits differiag by 2.27 c¢.c./1. In the case ef
the shore samples, the rangs was narrower, The seasenal variaticn of
‘\EM: factor follows a general mﬁtirnmhigb eamaxx&.mtimmi;s spring,
diminishing with the sdvent of s‘msr reachiug the lowest value in
sutumn, Stratification of cerbon diexide although ovidenced in the up~
polliuted areas, was not obzsrved in Bear Upsek angd Curtis Creek. In
many instances not osly wers the concestrations of the desper waters
equal to the surface, bub they st times exceeded the surfuce limits,

3ilicate~silicen. The head waters of the Patapsco River and its

tritutaries contein higher values of silicate-silicon than do:the more
saline waters of the mouth of the river. 7Ths surface waters in the upper
rescher of the river mré spproximgtely 48 per cemt msrs concentrated
then those at Statien VIII and Station IX, Nillers island range light-
house and Seven Foot Emoll éruyekivé},y. Y,

Although high values existed mors or less at all times of the year
at the stations ném* the mouth of the Patapsco Aiver, the sumeer values
wers highest with lowered concentratiens ia spring aad fall., Waters of
stetions located upstreasm were more cencentrated in spring end decreased
in value in susmer. The estuarine waters exhibited this charscteristie
for both surface and botiom waters.

The silicate concentraticns in the Paturent Hiver were foumd by
ﬁmhl o decrease in the lower resches of the river. The asurface waters

ef the Patuxent River everaget 13 per cent higher than the deepsr waters.

1
C.B: Bash, "Environmental Cheracteristics of a River EBstuary®,
Chesapeake Biologieal iab. Pub. $O4:1147-174, Decesber, 1247,
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The effluent was observed in Colgate Creek, Humphrays Cpreek, Noar
1
Creok and Curtis Greek, Teaitt in the Amnuel Report of the Chesapeake
Biological Laboratery, stated that pollubtion resultiag froe this effluent

was pnot ssvere, However, in the panuel Report of the following year

2 |
{ Truitt=1940) , copperas was considered as Lhe moat seriocus pollutant of

the Fatepaco River, A3 2 vreszlt of the latter iavestigatlon, Truilit cen—
cluded that the adhersnce of the floc to the plantonic forms, forced

thew Lo precipitate with the *salting out™ of ferric hydroxide. He fur-

ther na%cé that the iajury suffored by fish was a result of the deposi-

tioa of the flo¢ on the zill lamellas. Tho injuricus effects of ferreus
sulphate were reported by ﬁtigtiig“é&‘iénu% and Cslifornia sxlmen, This

invaaﬁigatian cencludad thai cayparau in coacentrationas of 2,721 p.p.s.

were fatal te these aquatic angaaiams ALeneentrations highur than thess
have bewn obiserved in the estusrine waters investigated aad 1t has besen
establiched by thia #tmay'anﬁvﬁhm$e cenducted by %?aitg and Olson,

5
Brust and Trossler that this effluent remsins in shis condition for a

1
R. Truitt, “Annual Eeysr s ehtsnyiuke Blological Lab., #34, 1939.

2 ; |
Ra Traist, ®Anmual Keport®, Chesapeaks Plological leboratery, #40,
(Lavoratory Series), 1940.

3
C. ¥Walgelt, 0. Saerw and L. Schwale, "[es chadegung von Frescherel
and Pischsuucht durch Industyis and Mans Avervssser®, Arvohev, Fur Huglens,

3:39-117, 1885,

4 : ,
. ?r&itt, *humual Report®, Ches. Biplogical Leboratory, #40

(Luher;eﬁry Serien), 1940

5 , |

%,k Qlson, H.F, Brust and W, L, Treesler, PStudies of tha Affects
of Industpial Pollution in the Lower Patapeco River srea®, Chesapsake
Bislogical Igboratory Pub. #43:1~40; Novapher, 1941,
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considerable lengik of time before oxidizing. ‘ .

The work of Clark and sﬁm}‘ On S8rP, ahimﬁ-a and sueksrs ¢lesrly
revesled thet concentrations of 2.9 p.p.m. in distilled water was suffic.
iently conventrated to ba toxic to thsse mimaf{m ﬁarma%wg . who ton-
ducted research on the mianow, Leuciscus pboxdnue noted that copperss in
congantrations af 315 parts per milllon dn distilled water was lsthal 3R
thres hours.

foldfish, Crascius aurstus, wers found by l‘ilisg to ba killed in
twe Lo Len hours when placed in ferrcus sulphate solutions ef ons~thouse
and peris per aillien, However, inﬁasr& water thass [ish were capable
of surviving in concentrations of 100 parts per million for ninety-six
heurs withoul deliborions effects. The lethal action of pollutants has
been conaidered by E1llis to be of two general Lypsa: (1) sxternasl action
by & comblastion of chemical and physical injuries, and (2) internal
action or Lrue Lowle seticn,

mateleﬁ:ar; whose resesrch woe coaducted on the four-spined aticklew
back, Apsites guadracus, concluded thet at & tempsraturs of 34,0%C. eny

concentration of copperas im axcess of 1,000 parts per million was toxic

X
- He Clark and G, adans, "Siudies of Fighlife and ¥ater Pollution®,

Forty-fourth Annusl keport of the Stste Bd, of Kea, ilass,, Fum
‘Boc. ﬁﬁ)é¥336“%§; 1813,

2 ‘ .‘ .
K. Carpaster, *The Lethal Action of Soluble Metallic Salts on
Fishes', British Jour. Bxp. Biol., 4:1378-39%0, 1937.

3 ‘
M, Bllis, "Detection snd Neasursseat of Stream Poliutlen®,
mx . ﬁ.ﬁ &, ml’ﬂaﬁ of ¥ish # XE?I1£ éﬁ "’&3 ?’ 193 7*

& .
R Idttleford, "Suyrviwvel of Four-Spined Stickleback, ipeites
quadracus, in Copperas Dilutiens", Unpublished. ‘
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in less tham two days. Only eight per cent survived a concsntration of
1,000 parts per million at the snd of tweniy~four heurs, thres per cent
survived 640 parts per alllion feor five daye, five per cest survived 500
perte psr willion for nine deys, A%hirtyam par cent survived 200 parts
por million for fiftees days, slxty-nine per cent survived 150 parts per
aillion for frifteon days and 125 parts per aillion wae not boxis. It
was found ’S’&at & decreass in tempsraturs resulbed in a decresse in the
t‘%éxic:i“ﬁy of copperas. Thirty- per ceant survived a eoncantratiom of
20,000 ;;arta ;:ar.asmim for eight hours, twenty-nine per cont survived
10,000 parita psr mﬁlimﬁ fer sixbesn heura,\thir%x-faar par cent sar-
vived 2,800 parts per milllen for tweaty-four hours, while forty-six

per cent survived x,m p&rﬁ per millien for fifteen dsys. At the sams
temparaturs, eighly per eent survived £60 parts per aillien fifteen days
and 500 parte per milliom was fﬂﬁﬁé to be uon toxie over the fifteen
day pericé.

Tha presencs of copperas in aguatic saviromments prosents o triengle
of imriéaa effacts disrupbing the scclogical balsnce of the hablibat,
in the process of oxidatien, the oxygen necesssry for the respiralory
requirements sf the orgasisis 1s usad snd simudianeonsly, a lewering of
the l‘ay&mgmim voncentretion oceurs which, Independently of othar
factors may prove lethsl particowlarly st higher ﬁm@smﬁﬁmsa ™e opin-
fen volative to the mods ef taxinity éz' copperas has been varded.
Kii:chmngl noted that parameela subjected to anesrobic conditione for
prolonged periods of time in waters of low pH sulfered physiologicel

1 : |
d.A, Kitehling, "The ¥ffacts of a Lack of Oxygen snd of low

Osygen on Paramaciunm®, Biel., Bull. LXXTII1339-353, 1939.
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disturbances and subsequantly death ensued, However, under conditions
of normal pH, loagevity was incressed despiis decreased oxygen concen~
trations, ﬁttlﬁterdl is of the opinion that toxleity of coppores is a
result of lowered pH and thet a desrsase in dissolved oxygen had little
inmediste effect of the fiah ehacw&!; Ta‘wsmﬁz on the other hand, re~
- ported the fish-kill was attributed to lack of oxygen impading normal
reospivatory functions. @3.@#&13 yeported that the effect of oxygen poor
environments on protoxoa; eggs and larves is in all cases severe, It
was observed that algae w_ﬁrg for the most part affected to a lesser de~
grae than distoms by lowered pi,

On the basis of this study, it ia probably not the result of any one
factor, per se, that acte as » conéit;gﬁia; frotor for plankion produc—
tivity, but the coordinate mmﬁeiim of &1l three, oxygen deficlency,
pH and floeeuletion. The latter will be discussed subsequently. It will
be noted tg&g@z 'mw 3 "ax%ﬁ fﬂm 4 that the pH walues of ‘ﬁmr Creak were
‘not mmiataﬁtw low, while those of Curtis Gresk were. ©n the other
hand, oxygen valuws were consiatently lower ia Bear Cpeek than in Curtis
Creek (TABLE 7). Colgate Creek and Husphreys Cresk manifested corres-

pondingly low concentrations 4n both factors pH end oxygem. IU appears

1 . ‘
Re Littieford, "Survival of Four-Spined Stickleback, dpsltes
guadragus, in Copperss Dilutions¥, Unpubliched.

2
 Lelle Towsand, 4. Bricksen and D. Barnest, "Frogreas Zsport on
¥ield Investigations and Hesearch®, ¥Wash. State Follution Goxmission,
December, 1938. ‘

3 .
BiAi Ulsen, H.F, Brust and¥,l. Tressler, "Studies of Effects

of Industrial Pollutien in the Lower Patapsco River Arsa", Chesapsake
Biological labeoretory Publication #43:11~40, Hovexber 1941,
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then that the low pH values im Curtis Uresk act as a limiting factor,
witile in Bear Creek, the conditioning facter wasz oxygen depletion. Pure
ther, the absance of plantenie argmim st gome of the shore stations end
the offshore stations in the uppw,rsa@hmg of the liarbor may be attribu-
t;ezi te the presence of oil and grease coating the water and reducing the
supply of oxygen. The actien of the decumposing mgé:mﬁh wastea from
the c;amerigs increased the oxyges deficits almdy existing :s‘h those
stationns,

Of squal importance ss a factor of pollution, is the flocculation
and sebtling out of ferrie hydmﬁém Golloidal ferric hydroxide parti-
cles msaus the characteristic of besring & charge, which within the
scid penge 1s positive. Plankters, likewise, fall within this range and
hence they too carry a charge, which 1s howsver, opposite to that of
colloldal iron hydrexide. Since the cherge carried by the plantenic foims
is opposite to that of ferric hydrexide, a nutusl attraction cccurs. As
& consequence, not anly asre the wggh:{mé killed by a&ghyxiﬁioa resulit-
fmg from the inabliliity of 'axygm to 'ﬂiffusé through tha iren coating,
but glse by the "salting-out® effect produced by the precipitation of
ferric hydroxide,

The f»bragamg condition was mpé’rted by Oleon in 1941 and was still
in pmgmsa dar.ing the time this study was conducied,

?ai:al mm ﬁimm and nwwrk&r&i studied the uammstramma of

total iron iu Wrt‘i:n reack to determine the dix‘wtam of movement and

1 ' .

Roée Olson, He¥, Brust and ¥,1, Tressler, *3tudies of the Elffects
of Incustrial Pollution e the Ilower Pabepsco Hiver Arca?®, ﬁhanapaaim
Bi@lc iﬁb- ?ﬂbt gftﬁfl&ﬂp navmh‘? 3—9&1*
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The emount of dissipation of total iron from the month of Bear
Creek to the mouth of the Fatapsco River was deterninsd o be spproxi-
mm}.y. 59.5 per cent snd from Momphreys Creok to the mouth of the piver,
96.1 per ceat. It appears, therefors, that decomposition occurs predom-
inantly in the tributeries of the estuary and that this factor is re~
duced to imsignificancy befors entering the bay.

Soluble iron. This factor l1s indicative of the unprecipitated
ferrous salts which have been oxidized, Aecordimg to lenl, the concens~
tration of thia factor is at a maxioum at the source of contaminetion,
This is substantiated by the fact ﬁhaﬁ in this study the highest conoem-
trations obtained were in Colgete and Humphreys Creeks, In Cortis Ureek
toncentrations were highest in the vicinlty of the coppsras dispessl,
Hence, theres zppsars $o Us scas correlation between ferrous iren and
seluble iren. In most cases, areeas in which concentrations of the ferp-
ous fons wers grest, slso yielded cerrespondingly hish valuas for solu-
ble iron, This s in conforsmity with the findings of Olsen.

With few sxeeptions, it wes obssrved that soluble iron valuss ia
the upper stratus wers higher thsan thease of the desper water. This would
seem likely, inesmuch as the ferrous fon wounld temdt to be oxidised more
rapidly on the surfece, because of its closer ralesticaship to atmospheric
oxygen, than would the ion ia the deeper waters. Moreover, colleidal
iron hydroxide remeins im the surface waters umtil precipitetion is for-

ced., 1t might also be conceivable that sowe of the iron hydroxide may

1

Olacn, K.d,, Brast, M. and Tressler, ¥., "Studies of ths HEffects
of Industrial Pollution ia the Lower Patepsce Biver-iresa~Curtis Bay
Region”, 1941, Chesapeake Plological 1Lab., Publication #43:3-40, 1941,
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stratifiession of nitrstes, 7The surface-botiom varisnt rasged from 01
to 6.8 popome )

ﬂu&eh&awé obaarved thal decreases in mitrate-aitreges and phos-
phiates in the spring wers eoincident with an imumn in oxygen and hy~
drogen~-isnm values. ‘!‘k‘ia viﬂ ascribes to the phaéyat.hiﬂ@ activity of phy~
toplanksen, e such correlatics was ebasrved in this study.

ft is signllieant [ avte thet suksegqueat to the imitial dilwbien of
tha iﬁflwiaa downatzream nutrient ladensd waters, the cemcentratiers fer
this factor resaioed qﬁiﬁ: s%;ﬂ;le, 3 ‘dixsipatisn ef not mere than 0,02
PeDes wWeEs n3% sncountered. Suf ‘reporied o decrease in dewnssrasm
cencentrations which he nﬁﬁr%&tu to the ingression ef fresh waier and
te its consumption by plankters, If '»ém, attenustion of this fastor
«n route dewa the estusry 1s indiestive of plankton utilimation,
41t aight be justifiable {o assume 3hat plagkton-preductivity in the arsa
investigated i» discoursgingly poor. This is oot 80 be interpretod howe
sver, that with the proper physic-chesical bslance restersd, thas tLhe
blolegical aspset would net also be restorad te sgeilibrius. ih'wmag
coneidersd concentrations ef .0Y to 20 p.p.s. as unusually rick in

nitrogenous saterial. On the basis of the goncentraiions caloulated, the

i |
8,8, Hutehiasen, "Ecolegical Aaspecis sf Succeesion in Natural
Populationa®, The smerican Neturaliest, LZXV:4056-418, 194l.

2

.8, Nash, *Bovircsmental Characteristics of a River Bstusry™,
- Ches. Blel. lab., Solomons Isiand, Ne., Pub, #643147-1Th, Dec. 1947,

.
P. Xawson, PPhyeiea) & Chmmienl Studisa in $he Lakes of Prince
ilbert Park, Seaksichewan®, Jeur!Blol.Bd. of Canada,il,#3 $227-248, 1936,
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estuary studied is sufficiently suppiied with nitrate-nitrogen to suppert
a luxurient biclogical family. With concontrations of D.60 p.p.m. to

B.60 pup.m. for offshore surface maters and from 0,20 p.p.a. 50 8.40 p.p.m.
for effahiors deeper mtués, such an assumption does not appsar inconceive
abla,

Nitrits-liitrogen., This factor, juat as the one previcualy discusssd,
tends to become more concentrated in the upper reaches of the c;@buax& and
its tributsries. For exaspls, & 27.2 per cent increase in velue wax
noted from the mopth te the head of Neer Cresk. Cerresponding inerenents
were obseyved in Curtis Cresk. Similar results were obbained Wy ﬁaﬁhl
in the Patuxent River.

Bigaificant differences hetween the nitrite-mitrogen conceatrations
of the sub-zurface and surfece waters lavestigated by xutf and Rewcombe
and ae-—wr‘iui*&g were reported. In the cose of the ressxrch done by Nash,
theae differsnces were reported to have bocome imsdgnificant in the upper
half of the estuary, but in the lower half, the bottem concentrations exe
cesded the surface onss by 60 per cent BS par ceat of the time, Theas
investigaters are of the opinion that imervased values of sub-surface
waters are a resnlt of regeneration of this chemical factor in the muddy

bottoms,

1
C.B, Kach, "havirermental Characteristics ef a Kiver Estuery®,
Chesapeske Biol, ILab. Pub. #64:1047-1T4, Bec, 1947,

2
C.B, Nash, "Envirormental Charscterlstics of = Bliver Eﬁmary“,
Chesapeake Biol. Lab. Fub, ﬁ&:l&?*l?k, Bec, 1947.

'3

C. Nsweombe, i, Brush, ¥. Herne & B. Shapherd, "Studies
on the Phyaics and Chemistry of Xatuarine Waters in the Chesapesite Ray™.
Jour, Kar, Resesrch. IIf2:87-116, 1939,
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These sams investigators h&yg eb@wm that pitrite-nitrogen con-
centrations become greater in a Jédwn’awam directicn., lence, a decreuse
of aitratsmmwaam was aeeampmiad by m 1n¢mau of miwitunnitmgum
irj found. that nitrita»mitmgm *naa a:ignifiemﬁ},y reised during and
even efter plankwnwpmdnawam Stamaaing mem, tmt thu mtawmmtian
of the foregoing &xw:stsigawrz iu em‘raet;, mal,y zha; an 1m:ﬂmu in
nitrite-nitrogen values is a direct result of planktonmproductivity, it
mam then appesr that the estuarine waters of the Patapsco River are
mm-ﬁméuc%&w. Thie would tend to be erngportw by the fact that plank-
ton gcwiatiws in the ;ﬁatuaxy are mot i evidence in great atundance.

Une might question then, the appsarance of the nitrate~ and nitrite-
nitrogen cycle in cemia aress of iLle estuary, It seems possible that
becauss of m&f&a and matacraloxiéal conditions sueh as wind and precipl-.
tation, the movemants of watsr into ané out of the river might account
for the regularity with which these cycles appear, UCertainly, there is -
a mutusl influence aagéz*t-ﬁ between the Chesapeake Bey and ite tributaries
on the physio-chemical factors of each,

Phosphate~phesphorus. In the sstuarine weters of the Patapsco

Rivee, phm;m&tﬁph@spmm; wos cbaserved to be ;anamﬁ in heavy concens
2 ' . .

trations (0.30 pap.ms Lo 0.4 p.gadr. ). Hewcombe noted thet samples

dscreased in concentration from 0.413 o 0.044 mg. atoms P/m3 when left

in the sun for only fiftean minutes. Although precautions wers taken

1
A: Drr, “ﬂﬁ.tr&tm Conbent of Sea Water®, Jour, Mar. Blology,
M*ﬁﬁ"’f’ét 193?1-

b4

i Memba, and A. lang, "The Distribution of f’hmghates
in the Ghesapeske Bay". Progesdinge of the Amsrican Philosophlcal
Scciety. 81, #3:393-420, 1939.



sgainst prolosged sxposurs 6f ihe amples £o the sun, 3% Is pessible shat
the values mighit heve boen Righer, perilsclerly since the saloxistiens
wers made varying Cros a?b to five h;'an sfter their callection,

Ascorsing to jikius anf Bramdb , phesphats valunes wers obssrved to
Be charasieriaticaliy at & sadtbwum durdimg the wiater soaths and dinin-
Siehed in She spring, veashing their Lewest veluss in the sumesr.

Nwwcomee (10W) ( lﬁiﬁ)& nebsd thst lu We Chosapeske Bay, concomirations
wers groatesS durimg e months of Mugnst sud Bsptseber with lowered
values ix_; ths apring ant wiater, #a explatas this dovistion on She bunis
ﬁf aﬂ#h#ﬁd rageneraiion and rmab& m&umm ;

The groater conesatrations M tha&wpkawmma tmamww fa
the Rhaad waters of She Chosapesis Boy, were Justifisd by Newcombe pa Lhe
Lanie ©f ma‘ms;d 3.1;% ptmtuiim readlting from lcereasvd wurtddivy
of weters stomming frea the Musguahsans Kiver,

It thens .fﬁﬂwc sre capable of sxerting ouch » awém inflnsnce
o3 a kady of water as lavgs as the Chossposhe ey, ﬁnm 1% 38 likewise
peasible fer Shwso sase factors to preduce similar offects om the sstue

1

¥, Atkins, "The Meespiaie Conbent of Fresh and Sall Water in lte
Relatienship to the Growth of Algal Plenkton®. Jour. Mar. Siol. Aasec,
i13:119-150, 1935,

2
K. Erandt, *Boder den BiefTweckhsal in Neors Kissessoh®,
Nesrusvrbersuch 18:187-429, 1939,

3

€. Weucombe & A. lang, “Toe Plstridution of ?hmpmms in the
Chesepecke Buy®. Procesdings of the inericas MAilssephleal Soc.
Bl, #3:3%3~420, 1939,

& ,

€, Bowoembo & #, Prost, “Varistions in the Phospheras Canfest
of the Rstusriams Babers of the Chesapaske Say Neor Selsasns Islsad,
Marylsnd.® Jour. Mar. Reessrsh, 1II41 Te-86, L9AG.
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arine waters of the Patapsce fiiver, This then would sccount for the in-
creaased cencentrations in sn upstresn direction.

.s;&mlll has demenstrated that the decomposition of dead argamw
results in the regeneration of phospherus in the sea, i‘&is investigator
denies that so intensive s regsmmtﬁoﬁ could be u rosull of plankton-
metabolism, It appeara iakaly tﬁun that this :‘acm:r too may play an
apprecisble part in the phosphate regenersticn im this atudy.

Flankton. It was observed that the unpolluted aress of the Fatapuoo
River supported both phyto~ and gooplanktonic forms. The surface waters
of the sstuary did sot tend 1o have greater #a;mlaﬁ;&am than the sub-
surface waterns., This condition existed in tmta of the gresatar avalla-
pility of oxygen which is found in the surface lsyers snd to the ine
crossed camaa&tgﬁhm‘ ef nutrient caagieumis in tfie surface waters.

Plankton populstions demonstrated sessonal fluctuations which varied
with apecific ferms. In gemoral, the diatoms, algae, protozca and cope-
peﬁé appeavred In greatsat numbers in the apring, & decline in numbers
was observed zs tho summer progressed.  The rotifers sppeared jﬁ'xﬂ ine-
creass in population during the latiter part of the summer. This spring
bloom of plankters is coincident with decrenaed walues of nitrates and
phosphates and hence probably scceunts fopr the declime in concemtrations.

In general, phytoplankten is the predominamt form of aquatic lifs
in the unpeliuted ss well aa the polluted regions of the estusry, This

numerical supresacy is achieved in summer snéd 1s maintalined throughout

b}

H. K. %lewsll, “"The Anmal Organic Froduction and Nutrient
PMiosphorus Kequiresent in the Tropical %esitern Sorth stlsntict, Jeur,
éu Conseil Intern, pour LiExplor. de la Mer,, I,#L, 20-32, 1935.
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the ysar, In the weters of Curiis Greek, the slgae ware 35 nukersus that
they isparted x vivid greca aolor te the waters, Thias condition sxisted
throughent tho stmmer snd mes also observed by mviai. in Bear Cyesk,
ne svideace of algal forms of any kind wers ebserved in aigeificant
nusbers, this is prolably a reault of the flsecuistion of fersic hydren~
ide on thees ferar. In fact, the only distinguishable ferm of alero
plankion was the disten, he origiaal ssaples of waler gave evidenes of
this gendition ot ths tims of collection, L that the brichk-red coler
was always chadracteristic of the weler of his ares. Afker the cushom-
&2y Lwo wavic “sediilag peried® of she plankbeon samples, the rust eslored
ssdiment yielded an istiscsrmible subaiance, whioh wnder the microcasepe
Wr&& as eclleidal orange masass,

Ia dhe pelluted regions of the river sod its tributaries, the pre-
teaca wape mest sasily affected. Their shsemce 1 prodadly fus 4o ony~
gon-deliolency or lov hydrogen-ion valuss or io floesulating ferric
hydroxide or aay combimstien ef thess facsters., For example, protesoa
wore mob Lla evidenos gt Statien I in selther the surface ner beitism
nakers, This san be axplasined on the basls ef sxygen~deficisat witers
£R this ares. The lew concentrasions of axrgen weres prevably & remilt
of the il fiim on she wmater<surface and fros oxidatisn of vegetadle
wealas from the camaerise of Lthie srua.

Althengh the watorn of Curiis Creel sre exygwn-poor during the

smer, 1t 43 concelvable that thls contiitun weuld be wush Aowe acute

1

G Bavis, “Studies of the Kfifects of Industrisi Pollutien in the
Jowsr Patepace River Ares 2. The Kffecd of Copperss Fellutien o8 Plamk-
won! Shesnpeakte Bislogical Laboratory, Sclemon's Islaend, Warylead®,
72, 1958,
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were it not for the fact that algae are so plentiful. Algal forms do not
require lerge quentitles of ms;s?gém in their photoayothetic activity,
these aquaﬁic_ plants liberatec oxygen, which 1s available for use by the
sooplanikbonic forms, It Is possible that the absence of algae in Hesr
Cresk is mt,‘ dga Lo low mgaza cencentrations nor t¢ low hrdrogen—ica
valoes, HExemisation of TARLES &, 5, 7 and 8 dezepstrates that values for
these factors ware ss low in Curtis Creek as they were in Bear Oreck;
hence, eliminating these two factors, one might conclude that ferric
hydroxide is the most serieus pollstant inm tributaries s the sstuary.

@leanl_, likewise, was of the opinion that phyloplankton forms, be~
cauvse of their low oxygen-enzaging rate are gble to withstand exygen-
defacts with less injury resulting than can the animals. Relative to pH,
thess investigators observed that alges were lese affected than the dia-~
toms, In regsard fe the settling of ferric hydrosxide, these investigators
mainteined that the emaller orgsniowns suffersd more zeverely, Thay
aoted that copepods were enly slightly affected by flocoulation.

It is sSgnificent that Lhe north waterz of the sstuspy in genersl,
are not g productive az the waters on the south zide of the estuary,
This supports the chenmlcal findings that pollution resulting fm the
industrial efflusnts im much nore severe on the north side of the eastu-
avy. Furtber, with Aaiasﬁ,mtim ai‘ the pellutants wmm the mouth of the
sstusry normal scelegical balonce is partially restored &n&i*”;shrakﬁan

growth becomes more in evidence.

1 _
Rk, Olson, H.F. Brust apd ¥M.L. Tressler, "Studies of the Effects
of Indusirial Pollution in the iower Patapsco Rivar Area®™, Chesapeake
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It inay be concluded then that the unpolluted areas of the cstusry
demonstrated characteristic pisukton stratification and &easmﬁl vayig-
tion similar Lo other estusries of the Chesapeake Bay., However, in the
poliuted 8reas, plam%mn forms were ssriously disinished or found wanting,
hence this part of the food chain of sguatic organisms has beon elimin-
ated. '
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CHAPTER ¥

CORCLUSIONS

The conclusions of this study may be sumwarized as fallows:

1. The lowest temperaturss sccur in Jmmiry and February at the
end of which time tempsraturss sscend. The maxisum temperaturss were reé-
cerded in dJuly and subseguently begém to decline. Stratification was in
evidsnce at sll times except during periods of vertical mixing, Ataos~
pheric Lemperatures appracisbly inflsenced hourly as well as daily wari~
ations of temperature of surface waters. ‘

2. Offshere surface sand decper maters were observed to rangs from
pit 2.1 to pB 9.2 and pH 2.0 to pR 9.5 respectively. Shors stations for
which only surfacs concenirstions were determined, rangéé from pi 2,0 to
pi 9.2, The hydrogen~ion concentrations were lower in sumeer than st any
.atmi' sedson of the yesr in the polluted aress of the estuary. The low-
oot valuss were obtained in Curtis Creek for offshere atations, and in
Colgate Cresk and Humphreye Creek for the shore stations., It was noted
that the low concentrations observed in Colgate GCreek and Humphreys
Creok were consistantly lower throughout the year than in eny other
region Ainvestigated, h‘ﬁhal' values for this factor were found continue
ously in Colgate ond Humphreys Creske, Unpolluted waters remained, for
the most part, chepscteristically slkaline,

3., The bromdé wariation of salinity in the estuary is & result of
the combined affests of tides, convsetion currente, influx of freeh
water from the tributeries, vernal and autumnal circulation and precipi-
tation, The varistion of this factor renged from 0,60 p.p.t. to 6,37

PePat, for surface waters and 2.2 i‘hp.m to 6,5 pepets for the deeper
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watars, The highast values sosmelly ecour ia fall, 3tratificetion wes
obrervad, 1la geseral, at all ststiens.

& Plesolvad sxygen tgxiﬂ frem eansentrations of 0.43 to lA.25
PuPsite {#urface offshors mﬁ‘ei'am}, 245 p.pom. te 9,81 p.pens, { Mothon
offshere stations) and O.lh P.p.d. 38 9.2 pop.n, (shove stationsj. Oy
gen consentrstions and teaperature were fonnd 1o be leversely eorrelated
for werface waters and the fommer is @ircé&l,y sorrelated with Eydrogen-
don comentraticas in the ares sl cepperas palintien. Surface-Retion
dAffersnces wers observed up to 7.5 p.yp.m, e tribetaries of the estu~
ary sve sharisierised by oxygen~poor watars the ysar rm, nowever, theae
law sonsentrstions de nod sommally extend 3nte the Fpiapsce kiver, The
upper vesehes of the river povsess detrimentally low valwes; She oxygen
deficit resalts from pollutants in the ares,

5. ™ wmziy snd its tributsriss ere well sipplisd with carbon-
dioxide, & range of 0,0758 ov./l. to 6.5 s2./1. for wurface offehore
m%mﬁc, 0. 758 w./:z.. to k.33 w./i, i’ﬂ' 6mp¢9 asfi‘c’.)am waters and
0,510 oo,/ Lo 35,00 ¢a./l. for store surface ware noted. Ths surface-
botion differential ranged from 0.0 ev./l. te 12,7 £e./l. The highest
g rfavance ossurred in susmer. Beasonal varistions which are charsctepre
datis of obher watusrine watars wers ohxerved in the Patepsae Biver.

6. In an wpatvess divsetien, the silicete concentreiions appesr to -
becoms highet. For ihe most pard, silisate~silicom valwss for the sure
face wers higher Lhan those ol the deaper waters. Thue sverage razgs for
this value wae (O35 g./l. te LiS4 g./L. fer surface offshers waters,
JOhTS g./1. e 0212 g. /), for desper offshere waters and .OL11 g./L. te
+1138 g./1. for shere watsrs. The surface~Battom difference in cencen-
tration varied frem 0.0 g./0. to 0.04% 5./1. The adaence of his
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difference was encountersd at the nha}..lwer stotions or at the porioed of
vertical mixing, The higher surface concentration is indicative of
sither the influx of Lresh water from the tributeries or peor diatom pro-
duetivity or both., High values for this factor existed more or less at
.all times of the year, Hewsver, stationt more prexisally located to the
mouth of the river demonstirated higher comcentrations in the aumiaesr with
& declice in valoes in spring and feall., These statiens located in the
upper redches sppeared to be more concentrated in £m spring and decrease
in value in the asumser,

‘?. Perrous ircn was found thronghout Bear Creek, Colgate Cresk,
Cuprtis Creek and Bumphreys Cresk. Ho evidence of this pollutant was dew
tected in the mouth waters of the Pgtapsco Biver, The rsnge of this
factor varied from o trace to m&.a P.p.m, depending upon the distance
the cemple was takea from the source of disposal. High ferross iren
valuss were dirsitiy cosrelsted w&ﬁh low . oxygen Imhms. He 'ﬁéﬁmﬁ}. Vag-
jation for this pollintant was avicicénté. Floceulstion and precipitation
of ferrous iren regulling frem kxyérélysia or oxideticn was ghaerved to
be serious in all regions where this effluent waes disposed.

.8, Toe reange of totsl iron varied from 0.10 p.pesi. 50 25.7 p.pPoms
for surface offashore stations, from 0.2 p;';:a,m. to 34.8 p.p.m. for bottom
offehore stations and from 1.57 p.p.m. %o 36,45 p.p.m. for shore stations.
In genural, conceantrations of surface wibters were found to he higher
than the lower waters. It was observed that %«he,ma:,wrh vart of decompo-
sition occurs in the tributaries of the astuary, This is supported by
the fach that diseipetion ef this factor was found to bo rapld in the
trivotaries and less rapid in the ea‘&uag*y progper. | |

9. Scluble iren as an indicator .oi‘.’ -uapr%aipitatec& axidised Lerrsus
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valus by the bottom waters; the rangs of difference varied from 0.0 p.p.m.
 te 5.04 p.p.m, Mo sigaifiecsnt ditferanae ﬁnﬁ noted relative to this fac--
tor batween polluted and nonepolluted regions of the estusey,

13, The estuary and its tributaries sre bountifully supplied with
phosphste-phosphorus, renging from ?_ké Pepeite 0 14,80 pepam. {@uﬁiﬁﬁﬁ
offshore ﬂ&i@?ﬁ?: T+91 pepats to 15.93 pepem, {(Bobtom affshore waters)
and 7.97 p.pem. to x&@& Pspati. for shore waters, Head waters were obe
gservad to be mopra congenbrated ﬁ&an the downsiream watera. Excspt dupe
ing the pericd of vernsl snd autusnel circulation, surface waters wers
sxoeeded Ly nitrats concentrations of deeper waters. {hapracteristic sea-
songl varlstions were observed.

34, 0Ll and graese was abaarvg& at all shore stations elighty per
cent of the time during which this study was neaéuahu&« Gffshore sta-
tions located in the upper reaches of the vriver were freguently covered
with a film of oil, This factor amsnifeated an appreciabie effect on the
oxygen coneentrations of the area. The gresse which covered the shoras
uf Bear Creek and which in a ﬁnainaeaé~emﬂﬁigiﬁm was found as far down
the Chesapeake Bay &# Annapolis, has its origin from the. Humphreys Ureek
into which effluents from the lron and stecl nills ara»ﬁmpﬁie&,

15, Surface waters do not tend to producs more plankton than sube-
surface waters, Plenkton stratification was not significant isn the
shallower stations nor ab the time of vertical mixing. 3«anmnéz varia~
tion of planikton was characterized by increased populatiens of sigas,
dlatons, 9rahésaa and copepods in the spring with a decline ila nunbers
in the summer, Rotifers increased in the sutmer with a maximum number
4n the fall. The increased populstions of the foregoing wers coincident

with high cencentrations of rnuirient salte,.
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16, In the polluted regions of the sstuary, & general dserease in
the quantitative walue of plankters was noted. The protozos sppeared Lo
be most éca&&y and generally affected by low concentraticns of oxygen,
hydrogsn-ion and by ferric hydroxide, Algal forms were less affected by
oxygen and favored lowersd hydrogen~iocn eemeormmtiéna but were seriously
affected by the severe floc of ferric hydroxide. Dlatoms wore lesat
affected by these factors except im walues which because of their concenw
trations were conditioning.

i7. ©n the basis of the high eoncentrations of mutrisnt compeunds
taleulated for the sstusrine waters of ths Patapsco River, ore aight
conclude that potentially thege waters are most fertile 1f elimisation
of such pollutants as copperas, oil and greass, vegetable wastes from

canneries, ete., could de executed.
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TITA
Nene: Deminic Viscent Provenss
Parmenant Address: 109 Smithwood svexce, Ealiisere 28, lacylamd
Dagrse to be cenferred) date: Dootor of Philescphy; June 7, 1952
Gate of Pirth: Novieber 37, 1918
Place of virth: Beliisore, Meryiand

Bocendary Hducstlient Catomaville ¥igh School, Catoneville, Marrliand

Celliegiats Institutions abtended Dstes Degras DBate ol Degros
Buryland date Teachers Collage  1933~1937
Univeraity of Werylend 19371939 B.8.  Sept. 13, 1929
Basversity of Meryland 1939-1941 M.5,  June 7, 1941
Wiveraity of MHaryiand 1945-185% M.D.,  June 7, 1953
Fselications:

Positions Hsld:

Instosebor in fgience Risiag Son Migh Schoel 1944=194 5
Blelag dun, Naxyipnd , ,
Iastruster ia Jeiesce Bilicest Ciky High Bohevl  1945-1948
: #lligott Ciny, eryland
snat, Prof, ia Melogy Iaynie Gollege 1948-3952

Beltisore, Serylamé



