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FOREWORD

Yan and his environment must be protecte¢ from the adverse
effects of pesticides, radiation, noise and other forms of pol-
lution and the unwise managaient of solid waste. Efforts to
protect the environment require a focus that recognizes the in-
terplay between the compon-.-ts of our physical environment--air,
water and land. The Nat ' _sal Environmental Research Centers
provide the multidisciplinary focus througn programs engaged in

G studies on the effects of environmental contaminants on
man and the biosphere, and

O 3 search for ways to prevent contamination and to re-
cycle valuable resources.

The northern lakes, southern lakes and laboratory studies
were conducted by independent consultants who were subcontractors
to the Boating Industry Associations. The project design was ap-
proved by the U. S. tnvironmental Protection Agency and monitored
during the cnurse of the study by EPA personnel. As a result of
the studies and the contractors’ analysis of the data, no signifi-
cant environmental impacts from outboard motor boating activity
were found under the study conditions. However, sitice it was im-
possible in this study to cover fully all the diverse factors which
may be impacted by emissions from outboard motors, care should be
taken in extrapolating the results to situations other than those
covered by this specific study. These data are being presented in
order that they may be widely available and serve as a basis for
possible futurc studies by others should they be required in con-
sidering the implementation of requlations relating to the
recreational utilization of the lation's waters.

A. H. Breidenbach, Ph.D.
Director

tiational Environmental Research
Center, Cincinnati



ABSTRACT

This is a SQeruary Perort of a research project which bepan in April
1971, The objective of the research was “to o“tain sufficient lah-
oratory and ficld data to he able to predict the meber of outhoard
chgines vhich can be ercratad en anv particolar bedv of water vith-
out causing adverse effects on the amuirl environment.”

The rroject invelved laborarery and ficld investicstions. The luoh-
eratory chase was conducted hw tie demavtrents of Civil and Yecluinical
Ingircering ¢l the University of *fichicar,  1ie narthern lales--field
study was conducted by nvironrental Contrel Techrelogy Corporation,
Ane Arber, Michican.,  The southemn labes--field stwdyv ans conducted
v Fnvironmental Science and I'mvirecering, Inc., Guinesville, Florida.

Te achieve the »reiect objective four romds vere <vbiccted teo out-
heard ensine emissiens at-n rate calonlated to be three times greater
than it from saturation beating levels.,  Some mreginal omees in
the lates biota wvere poted ut the differences were such that Gt i
net certain whether thev were from pataral or stress effects, A= 1
result 1 owas net rossible to deterine conciusively the nrecise
point at which eutheard erassicrs effect the acuntic envirenment,
Pased o the resnlvs) 1t s »lansihe o conclude, houever that e
cansn of the hioh stress levels em=loved i this stede, oatheard

MOrer errisgiens o opet sienificant v affect saatic ccosvEiens,

iR repert was subnitted o fulrilieert of Grant Jarher R-801700 by
The Peatine Industry Associntiorsarder the mrtial svopsorships of he
Fpviverrental Pretection \rercov.,  Vield asd Inberatery vorl wne con-

aleted as of "weenber 1075,
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SECTION ]
CONCLUSTONS

JABORATORY sTimy

1. ws-phage carbon monoxide concentrations were closely related to

the fucl/air ratio surplied by the carburctor, and ranped rom less

than 2 percent at 1,000 ypm for a 6 hp I'vinrude engine to greater than
9.5 percent at 3,000 yrem for a 35 hp Chrysler engine. Mnanic fish tox-
icity studies showed that carbon monoxide, even at near-saturation levels,
did not produce {ish mortality,

2. (as-phase carbon dioxide concentrations ranged from a low of approx-
irateilv 3.5 percent to more than 0.5 percent, and were alse principally

a function of the fuel/air ratio.

3. No trend with speed and leoad was ohserved for either carbon monoxide
or ciarbon diexide emissions,

4. Total gas-phase hyvdrocarton emissien concentriations ranpe from a
low of 1,500 nym measured as Callyy to a high of 10,000 pon as Cpl'yyg.
These concentratiens, attributable to overscavencing, which in tum is
relatad to engine trapping ef “iciency, eeneraliv decreased with increas-
ing speed and load.

5. Fngire trarping efficicency ranped between 30 and 80 percent and in
~eneral was observed to incroase with engine speed.

6. Mass emission rates of both carbon monoxide and urburred hvdrocar-
bons increased with increasing sipeed and load in the test engines. For
exarple, the roral hvdrocarben emissiens ringed frem less than 0,02 ke/
hour for an I'vinnule 6 hp engine at 1,000 mpn (0.2 bhp) to approximatelv
3 ko/hour for a 105 hp Chrysler engine at 4,000 o (30 bhp),

Y. Tre comresition of the gas-nhase exhaust hvdrocarbons resenbled the
corposition of the fuel with the erinciral exceptions that the olefin con-
conptration wvius greater and the paraffin concentration slichtly less than
in the test fuel. A raderate variation in comosition was evident from
enzire te engine.

S.  Ihe cendensable material {ron onthonrd engine exhaust was found to
contain paraffinic, olefinic and aromatic hvedrocarhons as well as small
arouints of phepols and carbenvl corroimds.

0. The corrazition of the total cembined cendensate was very sinilar to
that of the fucl. Aremtic compewrids constitute 20-25 percent of the
total condenzed hvdrocarben avount.  Teluere is stightly lover on a per-
cepriage bazis in the condensate than in the fuel, and kinuclear aromatics
arve slightiv hipher,

6. The tetal aroint of condensable =aterial vhich can renseonahly be ox-
npected to be cendensed in oa beating sitwtion varied from abtout 1.5 - 7
percent of the fuel used.



11. Three engines were investigated for crankcase drainage: all exhib-
ited the general trend of decreasing drainage with increasing cngine
speed and Toad.

12. At low speed and toad test conditions the spread of the drainage re-
sults werve relatively large. For example, at 1,560 ypm the average drain-
age for an 18 hp Evinrude was approximately 60 prams per hour whereas
drainage from a 35 hp Chrysler was in excess ef 275 grams per hour. At
the 1,500 1o test condition drainage, expressed as a percent cf the fuel
used, ranged from 3 percent for a 50 n ‘orcury to in excess of 8 percent
for a 35 hp Chrvsler engine.

13. The oil compositien of the crankcase drainage was about 20-30 per-
cont. Since the ratio of oil to gasoline in the fuel was 1:30, crankcase
drainage reprosents a 10-15 fold increase in oil content over the mixture
fed to the engine.

19, Maintenance in the form of a conventional “tunc-up' had little influ-
ence on cither the gaseous or condensable emission characteristics of two
field engines tested.

15, The aromatic constituents of the first stape condensate have an evap-
oration half-life of about 11 davs in a lake cor other water bodv, assuming
conservatively, a auiescent bedy of water at 2000, the condensate being
wiforinly distributed initially to a depth of one reter.

16. There is a small, non-valatile hwdrocarton fraction which is not re-
moved by cvaperation from water cxnosced to submerged two-cyvele engine ex-

haust cmissions.

17.  96-hour Tlay values for goldflish mortality were detemired in dvpamic
bioassay tests as 0-10 ppn as teluene for outhboard engine condenszate.

NORTTTRN TANE STuny

15, No sienificant differences were seen in periphyton diatem richness
and species distribution between ponds during two vears of study,

19, Although variahle, erganic production was not sienificantlv dif-
rerent nor was chlororhyll a nroductior different between prads.  |ow-
cver, when placed in the ratio of the autotrophic index there was a sig-
nificant difference berween the control and non-leaded treatment sections
during the 1972 sarpling neriod.  These differences, reflected by hicher
index values in the treatrent cection, indicated mere heterczrophic
(ronaleal) corunitics under cutboard engine stress conditions. This
trend remained in 1973 but was not statistically significant.

20.  Short termn phytoplankton variatiens in specics asseciation between
pronds were not significant.  Seecies richness and population similarity
aever varied to a significant depree throughont the two vear neriod.



Phvtoplankton species associations varicd annually in a manrer indicative
of natural lake svstems.

21.  Phytoplankton productivity measurcd hy 1 carbon fixation indicated
lowver photoswthetic carbon production in both the ron-leaded and leaded
stress sections when compared to their respective control sections in
rost cellections during 1971, 1972, and 1975, 0f these differences, only
the-Tower carbon preduction in the non-leaded stress s>ction compared to
1ts controli during 1972 was significant. These differences cannot he
directly attributed to natural popilation variations as species associa-
tions and richness were similar throughout the pend svstem during this
study.

22. Chlorophyil & weasurcments of the phvtoplankton recorded during
1973 showed no significant difference between the non-leaded test pond
and its control pord. During 1973 a significant difference was recorded
in chlorophyll a measurerients hetween the leaded stress pond and its
adjacent control pond.

Z5. Phytoplankton productivity index values showed no photosynthetic
inhibition in terms of a ¥ carbon production to chlorophvil a. Al-

though only a few data points were anlavzed this index is felt to be

legitimate and useful in studies of primary productivity.

24. Zoonlankton population dyvnanmics, comparative specics richness, abun-
dance, and occurrance were indicative of nommal temporal periodicity en-
comntered in small termerite lakes. No statistically significant effects
on the zooplankton commmity can be attributc.l to the outheard motor
emissions in the northern ponds.

25. The benthic macroinvertehrate corumunity demonstrated nermal vari-
ations in population cormositon and dwvnamics. The 1972 shift in dominant
organisms composing the henthic fmmal assembliage was comensurate with
the change in trophic structure of the ponds and could not be correlated
with stressing by outhoard mctor cmissions.

26, A single {ish taste test in 1971 showed an alteration in the taste
of fish taken from the stressed ronds at a treatment level cof 32 gallons
of fucl burned per million gallons. Subsequent {ish taste studies during
1972, at tyeatment levels of 1.4, 1.5, 2.8, 4.0, 4.2, 11.2, 76.¢ and 110.5
gallons of fucl burned rer million pallons showed no taste altcration in
the fish population.

27. No major variation in the cencral vater auality of the test pond
were ohserved as a result of stressing,

28. Field and laboratory studics during 1971 and 1972 on avomatic hvdro-
carbons (gasoline fraction) using the cvclohexane extraction - UV spectro-
photametric procedure indicated 1ittle difference betveen stressed and
control sectvimns. ‘the maximum cercentration ohserved was 50 ue/1 (as
tolucne) in the stress ponds.  Poath ficld and laboratory results indi-
cate that the rajerity of these aromatic hvdvocaybons remrin in the water



wiiwen for a relatively short time, less than a duv umder conditions
norruilly encountered in natural water svsterms, befere they are removed
by natural phvsical (evaporation), cihcrnicai (adscrntion) and/or hioloei-
cal (hioxidation) processes,

20, No significant change in the concentration of caturated hvdrocarbons
with boiling voints in the range of 1759 to 40N0C (corresponding to in
nolecular wecight Cjp to 5 n-mavaf{ing) in the water colwrm was observed
as a result of three vears'ef outheard enpine stressing,

S0, No statistically simificont (95 percent confidence level) huildun
of saturatcd Lvdrocarbons was observed in the test rends sediments after
three vears of engiac oneratien.  The data collectad in this investication
canpot rule out tne hnildup of these materials in the sediments. The re-
search data collected to date imdicate that znyv increase in satvrated hv-
drocarbons -present in the sedirents invelves saturates with carbon mrmhers
Ci7 and above.

31, In the Teaded fuel stress rond an increare in lead in the water colurn
frer an average backermimnd vilue of 1.3 1o 5.7 marts rer billion (mph) wvas
ohserved and is dirvectly attrituted 10 strcssing by cutbemid envines nsing
teaded fuels.  In hard vater laltes such as the nortbomm sutiudy pond.) the
cencentration of lcad in the vater coliem is linited to arvvoxiratels 1077
MoL20 peB)L I fact, during the study the maxise lead level observesd
T the Teaded stress vond was 110 poh, Censeouent iy, wader these candi-
tions the cffect eof stressing with leaded fuel is minira?) or the cuality
of the water coluwm,

32, The use of leaded fuel in cutheard engines mav incrense the level of
leaa in the botton zadirents. Results fHiem this stndy, through net cenclu-
sive, do indicate that this rov he taking »lsce in the leaded test sectien.

SOUTTIRN AN STURY

33, The rhvtorlaniten in the limmetic zone of the couthern test lakes
sheved zeme teonperal chances in seecies cormoxition, standing cror, snecics
diversity and prirarey croductivity. These chances vere prirarily due te
seassnG, variatiens in seroerature, light, and sasrient leve’s, and can-
not he conclusively correlated vith treatrent offcts »f outhoard roter
eoreration,

34, Phvterlankten bicassavs conducted in sive on i Hinjted basis in the
seuthern test lakes shew outhoard retor oxhalist water at a ratio of 1:20
(ratic of oxhaust water to lake water) te inhitit vieroswmthesiz. This
treatnont ievel 18 320 times the exhaust ¢S =atel corcentration antici-
pated inowaters receiving nowral ontheard mator usnoe. It is amrealistic
te think that hout usave would reac™ this icvel en oy recreaticonnl lale,

the lirmetic -eonc
rotor oreraticn in

35, CGrowth »wates and hiemiss of nevivhvtorn culture 'n
on artificial substrates vere not affected v cuthenrd
the southern test lakes.




36. In the southemn test lakes, distributien, species cormosition and
diversity of benthic racreinvertebrates were not affected by rotor oper-
ation except in o small area irmwediately beneath the permently mounted
notors where scouring of the botten saliments resulted fron motor opera-
ticn.

37. ‘“otor overation in the scuthemn liales incrvasad the concentrmtion
of Jizsolved aromatic hvdrocarbems, nixed and circulatead toe 1nke water,
and therefore distributed toe hvidrecarben emissions as well as other
erissions throurhout the jakes., The concentration of arc~utic hyvidre-
carbong increased tfror bFackeround levels of less than 0,01 im0/l to levels
of 1.0 rng/l during roter oneration,  then the moters were not ererated
for tvo davs, hvdrocirhen levels dectined to lexs than 0.1 e/l

38, The level of dissolved ereanic carben in the lirmnetic zore of the
southern lahe treated with drmuped tvre encines was sient Ticantly areater
tiun both the control lake and the Iake treated vith dminless type engines,
The drainless type ervine s o recirculatine Jdevice which elininates
crankcaxe drainace.  The Jdraired e encine Jdoes not hinve this devie

and theredore emits a areater arornt of stimed fuel.

30, Fish tastes condictedd By othe hrversitye of Plorida Toxd Siences
Nerarteent have clemenstriated ro evidence of tnting by cutheard sotor
vrissions even at treatrent levels Tr 1o oexcess of teose in the 11N,
Wivlic Pealth Service stwdy chere tairtin: “as eoverved,

A0 Az aoresult of hoaclormnd sameline bedere treatement iarge atownmts of
lead (S to D0 = Ph/ke of driad =lant tissex) vere Jdotectad in the meoted
veestation of the prass bed cormmity, Treceiere, tie offects of 1ol
cissicns on the sauthermn fares wers rot svadiad.

31, There »as no overt ovidence that treat—ent sienificantiy affected
the lovel: of the dollewine cherieal sarameters in the euthern lakes:
iren, ruenesinry, chleride, suliate, [hworilde, total solide, susnesded
»olids, discolved solids, tetal cardness, conductivity, turhidite, =t
hiccherical oxveen demnnd, and chermicnl onveen Jde=and,

42, Excent for carbon, trere wms ne direct evidence of Liffcrence o the
nutricnt resiren of the scut! o inbe svste=s asseciated vith treat-ent.

Mathaard reter oreration srohal iy dncreased crass bed sredictivity
the southern test takes, v drminet oncine test Inle evhibhized o
siznitticantiy higher (aroresi=antely 100 percentd pmss bed
and Miemass thae the ceortretn bales Gve eras2 b d vrodie
dratnleoss epgire Inhe, althoit rel statistion. v osionif
averextiately 10 cercent Peop othan the oontrol Iaie. i
centrel labe snd in the drainiese onecire Jate wns sicilar,

N }'.!‘.’:f\’u

e

. Tho eifects 0 ooutloand —rter emissiens an the sawntic ocesveste in
tire scathern labes could net Crem the arvhalent eriocis of

Byvocrthennd svter ereritien.

rINing oand stirring mdaced



SECTION 11
RECOMIELNDATIONS

1. The cffects of outboard aarine enpine exhausts on phvto-
planktoun productivity Is °or{hv of further {nvesnipation.
The data have shnwn reduced 4vcarbon fixation by the phvto-
plankton under the trecatzent condictions of non-leaded and
leaded fuels, the former showing statistical significarnce.
This phernomenon could be more claselv observed under algal
assay and continuous flow laboratory biocassav conditions
where prepared media and natural waters are exposed to
various ‘evels of outboard engine trearment and fuels.
Various irowrh rate and productivity measure=cnts can be
taken to relate carbon production on a per cell basis or
per unit chlorophyll a and expressed as a productivity index.
Such expressions indl:ate phvtosvnthetic efficiency or
inhibition, and under ccntrollied assav conditions can be
related directly to the stvess variagbie being applied in
the experliment.

2. Chemical analvsis of..the culture naterial should also
be undertaken to deternine hyvdrocarbon and heavy metal
sorption or uptake by alpal cells. These analvses could
{dentify the exhaust {raction involved in photosvnthetic
inhibition if this is indeed a real phenomenon.

3. Experirmental stressing of natural waters with outbeoard
marine engines influenced the periphvton communities under
study. ale hough no .1ﬁ'1-icant variations were scen in the
species associatiens oI the photoautotrophic orvanxs“s
(diatoms), differences were scon in the production of
organic biomass and chlorephvll a.  when annlicd in a ratio
as the autotrophic index the da‘n reflected more hetertrophic
periphyton communities under treatrent conditions. The
speculation being that there has wreater microbial activity,
i.e.. acLer‘a and funei, in the stress sections of the
norzhern field study. Exrerimentation should be conducted
to determine if this is the resul: of selective enrichment
where the hvdrocarbons of the exhaust emissions provide a
carbon source for bacteria and funei. This aspect should be
studied windz2r continuous {low hioassav LO“dltiO“S where natural
water wouisd be treated with outboard engpine exhausts and fed
through the bloassav svsien.

3



4. The zooplankton community demonstrated no effects observ-
able at chi; level of sctudy, 1.c¢., gross population monitoring.
It 1s felt then, that the zooplankton could be studied on a
oore individual manner. such as their robustness, fecundity
and fertility. Gut analvsis on the Rotifera. in a stressed
situation, should also be undertaken to determine if the
ratto of small algpa (i.e., Chlorella s».) to suspended
derrital matter {s concomitant with opulutions of unstressed
lakes.

5. The benthic macroinavertcebrates should be studicd fn lipht
of their preferred habizat; the sediment. 1t should be
deterzined, in a continuous flow bioassay unit usinpg natural
lake water as the dilucnt, L{f the population of Chironomidae
demwunstrate a reduced ability to exchanpe gases (02 €02 ctc.)
due to hydrocarbon build up. Biochemical analysis of the

bodw tissues should then be performed to determine variations
in lcad, and the various hvdrocarbons associated with the
{flesh of the orpanism.  In the bioassay unit, the duration of
the larval stape should also be determined. Species of macro-
invercebrates less anatomically amorphous should also be
observed and chemicallvy aralvzed on an anatonical basis

i.e.. wills, body ~avering {(chitin), and viscera. The i :thyo-
population should be studied with particular reference to
thelr rills and the possible build up of the heavy metals.

and lead. A simple bloassav-animal disscctior coupled with
atonic abserprion sncctrophotometric determinations would
vield information in this area.

6. There is some uncerzaintv concerning the build-up of lead
in the botton sediments as a result of outboard enrnine opera-
tion using leaded fuel. Consequently, {urther studyv should

be miade of the mechanisms of transport by which any sipnifi-
cant concentration could occur, c.n. sedimentation. However.
this potential environmental problem should be eliminated in
the near future with the advent of non-leaded fuels and the
Jdevelopment of two-cvele outboard engines capable of opurating
on such fuels

The fate of hvdrocarbons in the aquatic environnment is
111 not well understood. The data presented in this
port surgests the need fer further studyv in the area
‘h studies should f{ecus on the physical, chemical and
lopical denradation of hvdrccarbons in the aqueous

sediment phases as well as the mechanism of hvdro-
bon transport between the two phases. This aspect
would be looked at for "lone-term effects”. Prehably,
t as imporiant per se for outboard motor enmissicns as
ch as aidinr in ascerzaining the environmental impacts
the total hydrocarbon. input from man's activity on
tural water svstems.

e ooy
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8. An investigation to assess the¢ o{fect of nutboard
motor operation on the carbon dioxide tudeet should

be conducted in carbon limiting lakes. Emphasis should
be placed on the effects of carbon enrichment on pvimary
productivity and plant biomass. Carbon dioxide pathwavs
(e.g. mass transport of carbon dioxide via water circula-
tion, dissolved carbon dioxide emissions, atmospheric
diffusion of carbon dioxide) should pe traced and quanti-
fied with the use of a MDIR carbon dioxide gas analyzer.

9. Experimenrs should be designed to discern between the
cifects of motor emissicns and the effects of mixing

and stirring on lakes such as those experienced in the
southern study.



SECTION I1I
INTRODUCTION
GENERAL

This summary presents the results and conclusions of a three
vear research project desiyned to ascertain the pollutional
effect of two-cvcle outboard engines emissions on the aquactic
environnent. The study centitled "Analysis of Polluticn

from Marine Engines and Effects on the Environment'" (EPA
Grant No. R-801799) was directcd by personnei of the
Industrial Waste Treatment Rescarch Laboratory, Edison, lNew
Jersey (a division of the National Environmental Research
Center, United States Xnvironmental Protection Agency,
Cincinnati, Ohio). Finpancial support for the project came
from the United States Government and the Boating Industry
Association. The field investigations were conducted by
fnvironmental Contrel Techknology Corporation of Ann Arbor,
Michigan and Environmental Science and Engineering,
Incorporated of Gainesville, Florida. The laboratory
investigations were performed by the staffs of the Environ-
mental and Water Resources Enpineering and the Automotive
Engincering Laboratories of the University of Michipan,

Ann Arbor, Michigan.

This summary is a digest of a considerable body of data
collected over the course of the project. A complete
compilation of data is provided by each of the above
research groups, in separate reports to the United States
Environmental Protection Agency.

OBJECTIVES
The main objecrives of the study were:

1. To determine the ecifects of two-cvecle outboard engine
cmissions on the aquatlc ecosvstem. This included not
only determining whether any detrimental effects occurred,
but also pin-pointine that portien or portions of the
food chain which fiight be most seriously affected.

o

Quantitative and qualitative characterization of the
exnausts from two-cvecle outbeard engines. Particular
cmphasis being placed on those exnaust cemporents which
tend to remain in the acucous phase. The characterization
stucdics included varizticons due to engine horsencwer, age
and maintenance, as well as, manufacturers design.

£



SCOPE OF WORK

Basically. the project was divided into two distinct parts,
namely, a laboratory study and a field study.

The laboratory studies were conducted under controlled
conditions in order to optimize the collection and characte-
rization of componunts in outboard rmotor emission water

(OME water). The laboratory approach was necessary, in

this regard, as it was the only practical way of obtaining
the data and it reduced or eliminated mar,; of the analytical
problems associated with the characterization of the OME
water in a natural wrter system.

The field studies, on the other hand, were designed to
.ascertain the environmental impact of two-cycle outboard
motor emissions on the chemical and biological quality of
ratural lake systems. In this instance, it was felt that
leboratory scale studies would be inaporopriate due to the
interent difficulties that would be associated with extro-
poluating the data to 'real world" conditions. In like
manries, field studies of large iake svstems was prohibitive
from both an economic and tim2 standpoint. Therefore. it
was decided to perform the field studies on small ("mini™)
lakes. This "mini" lake concept allowed for the field
investigarions to be carried out on water bodies of manage-
able size. This approach also permitted simulation of long
term stressing by two-cycle outboard engines to be accomplished
over 3 relatively short period of time.

Tne field studies were conducted in "mini-lakes"™ (0.5 to

4 acres - 0.2 to 1.6 hectare)in both a northern and southern
climare. All "mini-lake” systems, both control as well as
"stressed' svstemns, had no prior boating activity on them
and receive no other pollutional! imputs other than the
imposed stressing from two-cvcle outboard engines operated
under a predectermined schedule. The northern study dealt
with the pollution impact of drainless two-cvcle outboard
engines using leaded and non-leaded fuels. The scuthern
study investigated the pollutional impact of drain versus
drainless two-cycle outboard engines using leaded fuel.
Basically. the testing procedures were the same for beth the
norzhern and southern studies. except that the northera ctudy
urderwent an enforced rest period due to ice cover during
the winter, while the southern lakes were stressed vear
round.
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The northern field study was carried our in two one-half
acre (3.20 hectare) ponds near Saline, Michigan. These
ponds, part of the State of Michigan's Fisheries Rescarch
Station, are owned and maintained by the Department of
Natural Resources - State of ltichipan. Each of these

ponds was divided by means of aluminum sheecting to provide
two test ponds, cach with its intesral own control (Figure
1). These ponds or "mini-lakes'" varied between four and
nine feer (L.22 and 2.74 meters) in depth and have been in
existence for over ten years.

The southern "mini-lakes’™, situated west .of Archer, Florida.
were three separate lake systems iocated in close proximity
to one another. The two test. or "stress’” ponds were three
to four acres (1.2 to 1.6 hectares) in size while the
control lake was approximately twelve to fifteen acres

(4.8 to 6 hectares). Each ol these southern "mini-lakes™
varied between zero and twelve ftiet () ro 3.66 meters) in
depth, with an average depth of approximately six fect
(1.83 meters).

Water levels in all '"mini-laxkes' svstems. both north and
south, were contrelled strictiy by evaporation and rainfall.
There were no natural surface or sub-surface water flows to
the systems. In the northern "mini-laxes”™. water levels.
hence water volume. were hell constant by pneriodic water
input when evaporation and secepage exceeded rainrall. In
the southern study water levels varied seasoniilv as there
was no way to withdraw or add water to the “mini-ilake”
svstems. ''Mini-lake'" water levels in the socuthern field
studies varied between two feet (0.61 meters) below and
three feet (0.9 meters) above the original water lewvel
datum at the outset oI the study.

Stressing Levels

The first consideration in the field studies was to deternine
che smount of two-cvcle cutboard stressing that was to be
app.ied to the test "mini” lakes. The amourt of outboard
straessing to be applied to each test svstem was approached

by ascertaining, as cloesely as possible. the number of boats
that resonably could be expected to occudy a given surface
.rea of water under eptizuz: use condition. Optinmum use
conditions being 1 "'real-world” situvation where the follow-
iag conditione erist:
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a) diversity of boating activity taking place

b) lake surface large enough to have boats operating
over a wide spectrum of horsepower laadings

c) lake should be at maximum usage capacity
(saturation boating). Saturation boating being
that situation where from a safety, aesthetic
and recreatioral viewpoint the presence of
more boats on the lake would cause:

1. a problem of boating safety

2. reduce one of the legimate usc
activities presently taking place

3. reduce the recreational attractive-
ness of Lhe lake

Thus, a literature review was undertaken to determine the
spatial (surface area) requirements per boat based on a
specific boating activity. 1In 1967, Threinen! reported

on his findings of boating activity on Lake Geneva,
Jisconsin. A review of Threinen's work indicated that the
boating situation on Lake Geneva during a peak holiday
weekend period (July 4th) was at or near opcimum. This
boating situation together with the size of Lake Geneva met
all the necessary cualificazions set forth previously, to
define optimum use conditions. Therefore, the work of
Threinen on Lake Geneva, Wisconsin was used as the base to
decternine what level of outboard motor stressing would be
used in the ficld studies.

Schematic flow sheets of the instantaneous boat population
and specifir boatin% activities as developed from Threinen's
work on Lake Geneval are shown in Fipgures 2 and 3. Figure
2, which shows the average instancaneous boating activity
from 1000 to 1800 hours, irdicates that there is essenti-
ally total saturation with respect to motorboat usage during
this period.

Using the data from these two figures (Figures 2 and 3), and
making the following assumptions for average brake horse-
power (bhp) output for the various hoating activities:

water skiing - 40 bhp

boating - 1C bhp

trolling - 5 bhp

a total brake horsepower input of 61,800 hours for the peak
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Spatlial Conslderation - Lake Cencva, Wisconsin

Figure 3
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day at Lake ficneva was calculated. Since an average of
one gallon (2.785 liters) of fuel is consumed for 6 bhp-
hours,< this represents a daily fuel use of 10,300 gallons
(38,986 lirters), or approximately two pallons per acre per
dav.(l18.7 liters per hectare per day).

It is obvicus that the vast majority of lakes do not receive
such extensive boating usage on a daily basis. However, it
was decided for the purpose of this study to assume that

the maxinum weckly stressing level of a hypothetical lake
saturated by boating activity wculd be represented by

two days of peak activicy (18.7 liters per hectare per day)
and five days of one-half pecak acrivity (9.35 liters per
hectare per day) of that shown for Lake Geneva. The total
maximum weeklyv outboard motor stress,for a lake saturated

by motorboat activity, was thus calculated to be nine gallons
of fuel burned per acre (84.15 liters of fuel burned per
hectare). Finallyv, for the northern study areca, a boating
scason of ei;ht months was assumed, while in reality the
normal yearly boating scason is only four to five months in
duration, which represents a total :rearly stress of
approximactely 300 gallons of fuel burned per acre (2806 liters
per hectarce).

These calculations (vearly stess levels of 300 gallons of

fuel burned per acre). however, provides no informaticn as

to the stressing lzvels 1o terms of water volume, since no
restriction has been placed on the depth of the lake. Obviously
cerzain boating activities would be limited without sufficient
water depth. A twelve foot (3.66 nmeters) average lake depth
was assumed for purposes of placing the stressing level in
terms of water volume. It was felt that this depth would be
the minimum required for such non-vestricted boating activity,
and a lake of this depth would most likely be the first to
experience stress, if any., due to two-cycle outboard motor
uperation. The vearly scress--based on an eight month beating
period and a lake with an averare depth of twelve feet (3.€6
meters)-- is thus 75 liters of fuecl burncd per million liters
of water. The dailwv stress over an eight sonth boating period
would then be approximately 0.33 liters of fuel burned per

day per million liters of wacter.

This Level of stressing is shown graphically in Figure 4. Also
shown in this figure are the levels reported by Enrlish, et.
il-j'” for fish tainting and acute fish toxicity of 3 and 500
Titers of fucel burned per million lirers of water respectively.
It is evident f{rom the intersection of the stress line for a
twelve fgot (3.66 nieters) lawre with the reported toxicity
levels3 % that the chances for chserving effects from two-
cycle outboard mctor exhaust emissions would be minimal.
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Consequently, the calculated naximum stressing schedule es-
tablished for chis study was tripled. Thus, the stressing
level used in the field studies for this project was approxi-
mately one liter of fuel burned per day per million liters

2,

of water -- see Figure 4.
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SECTION 1V
LABORATORY 3TUDIES

ENGINE OPERATICHN AND TESTING

A total of 12 different engines representing a wvariety of
two-stroke configurations, were studicd. They ranged in size
from 3.6 hp to 105 hp and represented a spectrum of engines
from four manufacturers: Outboard Marine Corperation, Mercury,
Chrysler ard Tecumseh Productions. Crankcase designs included
closed, recirculating, and drained types. Ignition systenms
represented both conventional and high-voltage capactive-
discharge (CD) system. Two engines (Chrysler 3.6 hp and Eska
7.0 hp) wer= air-cooled, the rest were water-cooled. Carbura-
tion varied both with manufacrurer and engine size.

The engines tested (excluding two "maintenance study' engines
tested after use in associated northern field studies), to-
gether with a number of pertinent specifications are shown

in Table I. Each engine was instrumented and fitted with
exhaus” gas sample probes.

The larger engines (35 hp to 105 hp) were mountes on a shecial
test stand and coupled to a 120 hp General Electric dvnamometer.
Smaller engines (3.6 hp to 18 hp) were operated in a test

tank and were loaded using test propellors.

Mass flow of fuel was obtained by measuring initial and afcer-
test fuel weight. Because each test was run at a consrtant
speced and ioad, it was non necessary to continuously monitor
fuel rate. Any change in engince operation was readily detected
from the continuously monitored exhaust emissien data. Engine
speed was measured with an optical electronic tachometer on

the test-tank engines.

Three engines were operated with external crankcase drainage
systems instalied. The engzines selected were similar to three
of the drainless engines tested. an 18 hp Evinrude, 35 hp
Chrysler, and 3 50 hp Mercury. One of the engines, the 35 hp
Chrysler was an older mcdel which was normallyv drained. Both
the 18 hp Evinrude and 50 hp llercurv were 1972 model cnpines
chiich were converted frem a recirculating or drainless type
engine to a drained tvpe.

Representative and known fractions of exhaust were obtained
with special sampling probes constructed of 1/4 inch 0.D,
stainless steel tubing and designed as static probes with a
irumber of sample holes on the circumference and spaced longi-



TABLE I
TEST ENGINES AND SPECIFICATIONS

Displace-

Brand Model Scrial No. of nment Gear Cooling Crunkcasae Fuel/
Nomg Rated hp @ RPM Number Number Cvl. (cu. in.) Ratio System Drain 0il Rato
Chrysler 105 5000 1057 nc 9994 4 96.55 15/26 Water Recycled 50/1
Merceury 50 5300 500K 3170501 4 43.8 1/2 Water Recycled 50/1
Chrysler 35 4790 350HD 1053 2 35.9 13/21 Water Recycled 50/1
Chrysicr 12.9 5000 122HA 3725 2 13.62 14/22 Water Recycled 50/1
Mcrcury 7.5 5500 75 2196951 2 10.9 172 Water Recycled 50/1
r\)Eskcx 7.0 5650 1747A 153145 1 7.5 14721 Alr & Water Closcd 24/1
oChry.slcr 3.6 4500 3218 6340 1 5.18 14/21 Alr & Water Closed l16/1
Evinrude © 4500 6202DJ 03899 2 884 15/26 Water Recyrled 50/1
Evinrude 18 4500 18202R E03098 2 22.0 12/21 Water Recvcled 50/1
Chrysler 35 4750  355HC 6336 2 35.9 13/21  water Drained 50/1
Fvinrude 18* 4500 18202nR 103098 2 220 12721 Watcer Drained 50/1
Mercury 50* 5300 S00E 3170501 4 43.19 172 Water Drained 5071

*Modificd to a drained cngine



tudinally along the length. Particular attention was given
to the location of the probe in the ¢ngine exhaust system

to insure representative sampling of the average composition
from all cylinders in the multi-cylinder engines and to
minimize time and spatrial resolution problems. The location
chosen was the position farthest down the exhaust collector
before any water was added to the exhaust stream.

The sacple line between the engine and condensate apparatus was
maintained at 3509F. At this elevated temperature no ccnden-
sation of water and only limited hydrocarbon condensation
occurred on the tubing walls. This temperature was still low
cnough to prevent sigrificaatr reaction of either hydrocarbons
or CO with the oxygen present.

The exhaust sample flow and analysis system. shown schemiatically
in Figure S, allowed three separate modes of analytical opera-
ticn, non-dispersive-infrared (NDIR) analyvsis of pas phase,

flarie ionization detector (FID) hydrocarbon analysis. of gas
phase or extended condensate collection., Both the UDIR and

£1D analvsis syvstems could be purged with room air and cali-
trated with span gas without affecting the flow throurh the
condensate or liquid sample collection apparatus. All of

the analyzers with the excevtion of the hydrocarbon flame ioniza-
tion detector (FlD)were connected in series because they

are non-destructive to the sample.

A specially constructed subtractive column analvzer was used

in conjunczion with the FID. This device permitted scparation
of the gaseous lvdrocarbons in the exhaust sample intc prin-
cipal family components: paraffins, olefins, and aromatics.
Indolene 30 was used as the test fuel. All of the fuel used
was from the same refinerv batch., thus insuring consiscent
hydrocarbon fanily composition. Quicksilver outboard motor

oil was used as the lubricant ir all of the engines. It was
rmixed wirh the fuel in the ratio specified by each manufacturer.
{(See Table 1).

The engines were run only under steady-state conditions, after
peing first broken in according to the manufacturer's recox-
mendations. A simulated boat load curve was used to establish
the proper specd-horsepower relationship. Generally an out-
board engine follows approximately a 2.5 order load curve on

a planing hull.

GAS-PHASE EMISSIONS

Carbon Monoxide

Carbon monoxide is a moderately toxiec compound with limited
solubility in water. Average carbon monoxide emissions in

7
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percent, varied from 4-1/2 percent at 1000 rpms to a high

of 6-1/2 percent at 3000 wpms. The results of percent CO
emlSSlonS at 4500 and 5000 rpms have ncot been reported in this
"average' data analysis because data at this speed were taken
from only a few engines. 1lo trend in CO emissions is evident
from these results. The CQ enicsions are high compared to those
observed from current four-cycle automotive ¢ngines.

Carbon Monoxide is basicallv a function of the engine air/fuel
ratio. The high CO cm1551gns of the two-cycle marine engines
are attributable to a rich mixture ratio. The air/fuel ratio
used on all of the test engines, generally between 10 and 13
to 1 depending on carburation requirements for the varicus
engines, was richer than the stoichiometric ratio of approxi-
mately 14.8 to 1. This richness is necessary to assist

with internal cooling and lubrication, and provide smooth
operation even with substantial internal exhaust residual
dilution which is a problem of all two-cycle, crankcase
scavenged engines.

Another factor influencin;y carbon monoxide emissicn 1is the
trapping efficiency of the ensine, which is defined as the

ratio of the mass of fuel and air travped ir the engine to that
which is furnished to the engine. The lower che trapping <ffic-
iency, the greater the quantity of unburned fuel and air in

the exhaust and, for a giv’en mixture ratio, the lower the CO
emissions. Tle unburned fuel/air in essence dilutes the ex-
haust products.

Z“arbon Dioxide

Carbon dioxide is not considered a pollutant in normal atmos-
pheric concentracions, however it is a verv significant
constituent in gasoline engine exhaust. The average carbon
dicxide emission resulrs from the various test engines ranged
between %-1/4 percent at 1000 rpm to 7-1/2 percent at 4,000

rpm in an almost linear fashion. As with CO, the concentration
of C02 is: stronglv a function of the alr/fuel ratio used in the
engine. Trapping etfficiency also influences CO) concentration.
In general, CO2 concentration should be inversely proportional
to carbon muﬁO}lge concentration, althougH this is not evident
when comparing the average CO and co, emission data for a
number of engLrLs

Hvdrocarbon Emissions

Onlv the flame ionization detector (FID) hvdrocarbons will be
discussed since this number is renrescentative of the total
hydrocarbon concentraticn rather than the partial hvdrocarbon
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fraction shown by thLe non-dispersive infrared (NDIR) analyzer.
Average total hydrocarbon concentration in the gaseous exhaust
emissions data from all test engines at each speed varied from
a high of 7.75 parts per thoucand (ppt) at 1000 rpm to a

low of 4.5 ppt at 4000 rpm. All hydrocarbon data is exp-ressed
as ppt of n-hexane, CgHyy.

The total hydrocarbon emissions are higher than those observed
for a typical four-cycle gasoline engine by ar least a factor
of 10. “ais is partially due to the richer ratios used in the
two-cvcle engine, but more significantly it is related to

the trapping efficiency. 1f the mixture is not trapped within
the engine cylinder, it is over-scavenged or in effect
"dumped' into the exhaust system before it has an opportunity
to burn. The concentration of hydrocarbons in the unburred
mixfture is extremely high, 20 ppt of Cghiy4. Therefore, even

a small fraction of lost mixture can contribute significantly
to the total hydrocarbon emission ievel. 1n general. hydrocarbon
emissions ternd to decrease with increasing speced. This result
is consistent with both the decreasing air-fuel ratio and the
improved trapping efficiency observed as the speed increases.

Trapping Efficiency

Trapping efficiency is an important measure of the engine's
ability to retain the fuel and air that is furnished to the
engine. Idcally this should be 100 pervent; hcowever, with
the dynamic scavenging used with current small two-cycle
engines this goal is essentially impossible vo achieve.

Trapping efficiency is particularly important from the
standroint of fuel consumption and hydrocarben emissions,
as discussed in the previcus section. In general trapping
efficiency increases with speed and appears to reach a
maximum in the vicinity of 3.000 to 4,000 rpm. Several of
the engines exhibit a trapping efficiency exceeding 80 per-
cent, others, particularly at the low load and speed test
conditions, may lose nearly bhalf of the unburned mixture to
the exhaust with a consequent high level of hvdrocsrbon
emissions. On the average the trapping efficiencies of the
engines rested varied between 60 and 75 percent at 1,000
and 4,000 rpm's respectively.

Mass Finission Results

Of uvlrimate concern, however, are mass rates of emissions.
This quality is the product of the concentration emissions and
a mass flow factor related to the flow rate of air and fuel
required by the engine to satisfy a given speed and load
requivrement. Comparisons of the largest engine tested, a
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105 hp Chrysler, and one of the smaller engines. a 6 hp
Evinrude, show that the concentration emissions are
similar. Thus, the major factor causing higher mass
cmissions from large engines is the greater air and

fuel flow rate. Brake horsepower is clorely related to
nmass flow rate. In general the mass rate incrcases with
both speed and horsepower.

Hvdrocarbon Familv Analvsis

The exhaust hydrocarbons were separated into their primary
family constituents (paraffins, aromatics and olefins)
with the aid of the subrracvive column analvzer.

In general the results from testing of the two-cvele out-
board engines differ significantly from those observed

with the conventional four-cycle engines in that the

exhaust hydrocarbons appear to be more closely related to

the fuel. The major dif ‘erence observed between the exhaust
hvdrocarbons and the fuel wasx the olefin concentration,

which is moderately grester in the exhaust gas, averaging
between 20 and 30 percent of the total hydrocarbon composi-
tion whereas in the fuel the olefin fraction was six percent.
The increase in olefins is a result of "restructuring”,
primarily of paraffinic hvdrocarbons during combustion. Most
cf the reaction occurs in a ''quench zone" located between

the hot flame and the relatively cold walls of the engine
cuonuustion chamber.

The aromatic fraction is slightly less than observed in the
fuel and is generally in the range of 20-30 percent cf the
total hvdrocarbon composition. As a class, the aromatics
appedr to be relatively stablc.

Paraffinic hvdrocarbens generallv are the most prevalent

of the exhaust hydrocarbons, comprising approximately 50
percent of the total. However, in some instances the
paraffinic fraction, such as with the 6 hp Evinrude engine,
was nearly 70 percent of the total and verv similar- to the
fraction of paraffins observed in the tesc fuel. Other
engines, such as the 3.6 hp Chrysler, exhibited only
approximatelv 45 percent paraffinic hydrocarbons under
several test conditions.

No discernible trend is evident with regard to the hyvdro-
carbon family breakdown'as a function of engine speed and
load.

[aS]
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CONDENSABLE COMPONENTS
Cencral

The purpose of this part of the study was to collect and
identify condensable fractions of outbtoard engine
exhaust emissions under contrelled laboratory conditions,
in a manner such that the contribution of this fraction
of the exhaust could be accurately assessed. As noted
previously, condensable fractions are those most likely
to be transferred from submerged exhaust emission to

the water column.

To this end, engines were mounted on test stands, as
described in a previous section of this report. The exhaust
was passed through the collection and gas-phase analvsis
systen shown schematically in Figure 5. Collection of
condensate samples required three hours nf continuous
engine operation at e¢ach test ccndition. The system was
arranged so that a constant 2 cu. ft./hv. (0.56 cu.m/hr)
was passed through the condensation section. 1t was
possible to calculate condensables in the total exhaust
by measuring the hydrocarbon flux with and without the
collection apparatus in operaticn.

The condensation system consiscs essentially of an efficient
cold water condenser and a dry-ice cold finger trap. At the
end of each run both condenser svstems were washed down with
a fixed volume of CHClj, and the condensates and washings
from th2 two receivers combined. Due to rhe large condensing
surface arez and the low temperatures used in collecting

the condensate, it is virrtually certain that this system
cundenses at ieast as much - and probably significancly

more - of the exhaust than would a column of water in a lake
or other water body under noriral engine usage. Consequently,
the azcunts reported herein should represent maximum potential
pollution loads rather than average values.

The cenposition cf the condensable organic portion of the
exhaust has been shown to consist of three fractions:
unburned gasoline, partially oxidized hydrocarbons (i.e.
phenols and carbonvl compounds) and unburred oil3. Further,
the unburned fuel is composed of threce fractions, aromatics,
olefins and paraffins. Since it has been esrtablished that
aromatic compounds constitute the most imperczant of these

in terms of acute toxicity to aguatic life5, primary
attention was directed to the gqualitative and quantitative
analysis of this fraction.
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The condensates were analysed for arcmatic hydrocarbons,
olefins, phenols, carbonyl compounds, paraffinic hydrocarbons,
and total condensable organic material. The respective
analytical techniques and methods used are outlined in detail
in the University's final report to the Environmental Prot-
ection Agency. Only the results and discussions of these
analyses are presented in this summary report.

Aromatic Hydrocarbons

Samples of the fuel used in che engine tests were examined
first by infrared spectroscopy and then by gas chromatography.
Identification of the majlor peaks was done by mass spectral
analysis and confirmed by comparing the retention times of
the pure compeonents with those of the maior peaks in the
exhaust chromatogram. A comparison af the ratio of toluene
to other aromatics in the condensate and in the fuel showed
that in most cases the ratio is lower in rhe condensate. sug-
gesting that either toluene is preferentially burned er that
the higher boilinp aromatics are preferentially condensed,

nr both.

Binuclear aromatic hvdreocarbons were also detected in randoumly
selected samples of the condensable fraction. In particular,
naphthalene and its two isomeric methyl derivatives were
identified by comparison of their retention times witn those
of the pure compounds. In six samples analvzed. the three
binuclear aromatics ranged from 1 - 2 percent of the total
mononuciear aromatic content of the condensate. This level

is somewhat higher than that in the raw fuel (0.5 percent
binuclear aromatics).

Olcfins

Qlefins were determigod by amperometric titration using a
sctandard ASTM Methad”. Thenols interfered and were removed
by extraccticn with 0.1N NaOH. Olefins are reported as cvclo-
hexene (molecular weight 86).

Phenols

Phenols werce determined on the base extract frem the olefin
devermination by ultraviclet spectroscopvy. Due to the

high background absorbance however. it was necessary to

between an acidic and basic solution
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Carbonyl Compounds

Carbonyl compounds were determined by direct infrared spec-
troscopy on the organic phase of the extracted condensate.
No attempt was made to distinguish between the various

types of carbonyl compounds: the peak at about 5.9 microns
was measured and compared with known solutions uf butyralde-
hyde. Base extraction lowered the absorbance in a random
selection of samples by 7 - 12 percent, indicating an acid
content of roughly 1/10 of the carbonyl signal.

Paraffinic hydrocarbons

Paraffinic hydrocarbons were not determined directly: however,
paraffins were estimated by obtaining the total condensable
hydrocarbons, subtracting the major constituents (olefins

and aromatics) and ascuming the remainder to be paraffins.

Total Condensable Organic Material

Determination of the total amount of organic material con-
densed from the exhaust is complicated by the fact that con-
siderable water is formed during the combustion process and
condensed in the traps. For one particular engine, the
normal addition or CHCl, to the condensate was eliminated.
Inst=ad, the weight of gotal condensate (water plus organics)
was recorded. A known weight of tetrahydrofuran was added
such that the two phases initially present were completely
miscible. ‘ater was determined by Karl Fischer titration
and the weight of organic material determined by difference.

RESULTS

Exhaust Condensate

Results of che exhaust condensate analysis are presented

in Table II. The last two columns entitled Total Condensable
Mononuclear Aromatics were calculared as follows: the

TCHMA guantity in grams/hr was calculated by multiplying the
observed condensable mononuclear arcmatics in mg/cu fr. by
the total exhaust in cu ft./hr and dividing by 1000 to convert
mg to grams; the TCMA quanticty in grams/kg was calculated

by dividing the grams/hr value by the fuel consumption rate
(kg/hr) to give grams of condensable mononuclear aromatic

per kg. of fuel. Condensatles ccncentration was measured

in duplicate runs on the first few engines tested. The
reproducibility was very good and therefore it was decided
that single condensate collecrzions would suffice thereafter.
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Table I1

SUMMARY OF CONDENSATE ANALYSES

Engine Fuel Total Concentrations of Condensable Total Condensable
and Consumption Exhaust Substances: {(mg/cu.ft.) Mononuclear Aroms-
speed Rate (cu.ft./ Mononuclear Olefin¥* Phenol*  Carbonyl tics :
(rpm) (kg/hr.) hr.) Aromatic (grir.) (gry fuel)
Chrysler 3.6 hp (air-cooled)
1000 0.322 111 98 15.0 - - 10.9 33.9
2000 0.589 190 113 20.3 - - 21.5 36.5
3000 0.815 281 .55 15.3 - - 15.5 19.0
4000 1.160 . 407 47 10.2 1.53 10.8 19.1 18.0
4500 1.287 482 55 10.3 1.26 10.2 26.5 20.6
Mercury 7.5 hp
1000 0.5559 205 105 19.3 - 7.0 21.5 38.5
r 2000 1.074 383 70 14.1 - 5.8 26.8 25.0
“ 3000 1.628 849 68 - - 6.8 57.7 35.4
4000 2.226G 805 36 - - 7.2 32.6 14.7
Chrysler 12.9 hp
1150 0.300 313 145 18.8 1.15 9.5 45.4 50.4
2000 1.432 495 159 19.2 1.07 14 5 78.7 55.0
3000 1.770 656 73 11.6 1.57 9.5 47.9 27.1
5000 2.952 1070 119 15.0 1.82 18.3 127 43.0
5000 4.298 1575 132 17.2 3.37 12.5 208 48.4
‘Evinrude 18 hp :
1500 1.821 599 217 36.0 4.70 - 130 71.4
2000 2.400 810 165 13.7 1.65 11.8 134 55.8
3000 3.740 1220 77 13.0 1.43 12.5 93.9 25.1
4000 5.248 1818 140 15.8 1.80 - 255 48.6
4900 7.398 2478 142 12.0 1.05 13.5 352 47.6
Evinrude 18 hp - drained
1500 1.724 581 22¢ 20.3 1.48 26.8 123 44.8
2000 1.926 692 123 17.3 2.08 30.0 85.1 44 .2
3000 3.049 1064 107 17.6 1.92 14.0 114 37.4
4000 5.873 1905 165 17.3 1.08 13.3 314 53.5
5000 6.783 2347 160 16.3 0.80 9.8 376 55.4
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Table II (continucd)

SUMMARY OF CONDENSATE ANALYSES

Engine Fuel Total Concentration of Condensable Total Condensable
and Conzumption Exhaust Substances: {(mg/cu.ft.) Mononuclear Arcmatics
Speed Rate (cu.fc./ rloronuclear
(rpm) (kg/hr.) hr . ) Ar-matic Olefin¥® Phenol*® Carbonyl* (g/hr.) (g/kg fuel)
Mercury 50 hp
1500 3.477 1266 104 14.2 0.53 6.7 132 38.0
2000 3.540 1370 73 9.8 0.80 7.3 100 28.2
3000 6.581 2326 88 9.3 0.5z 5.2 205 . 31.2
4000 9.828 3643 63 7.3 0.52 6.5 230 23.4
Mercury 50 hp - drained :
1500 3.779 1376 85 - - 5.8 117 31.0
2000 3.784 1460 70 - - 6.8 102 27.0
3000 6.787 2404 73 - - 5.5 175 25.8
4000 10.390 3824 78 - - 7.7 298 28.7
Chrysler 105 hp
1000 4.472 1550 150 20.0 - 28.6 233 52.1
1500 5.655 2094 86 19.7 - 19.0 18C 31.8
2000 6.557 2513 91 19.5 2.05 62.2 188 28.7
3000 9.666 3663 76 14.5 1.85 66.0 278 28.7
4000 16.636 6369 74 16.5 - 29.3 467 28.1
Evinrude 18 hp (field c¢npine as received)
1000 1.460 475 123 - ~ 8.8 58.4 40.0
2G0¢ 2.195 760 56 - - 8.1 42.6 19.4
3000 3.492 1163 45 - - 7.2 52.3 15.0
4009 5.073 1302 43 - - 9.0 77.5 15.3
Evinrude 18 hp (field congine new plugs)
1500 1.870 - 71 - - 7.2 - -
2000 2.140 - 736 73 - - 10.1 53.7 25.1
3000 3.695 1247 49 - - 7.8 61.1 16.5
4000 5.073 - 40 - - 7.8 - -
4500 7.000 - 45 - - 6.4 - -



Most of the data, therefore, was obtained in this way.

As can be seen from Table 1I, condensable aromatics amount

to from 1.5 to 7.17% of the fuel fed (15 to 71 g/kg) with

most values between 2 and 5%. "An estimate of the total
amount of hydrocarbons which would be condensed in normal

use situations can be arrived at by reference to Table 1IT
and Figure 6. Aromatics and olefins were determined and

the difference between the total weight of condensable
organics and the sum of olefins and aromatics was assumed

to be paraffins. As can be seen from Figure 6 and Table IIT,
over the range of speeds studied, the amounts of olefin and
paraffin present in the total (gas stream) exhaust varied
markedly; nevertheless, both the percent aromatics in the
condensed phase and the percent of the toral hydrocarbons
condensed in the cold water trap varied between 20 and 257%.
The range of family composition of total exhaust shown in
Figure 6 for the smallest engine (a 3.6 h.p. Chrysler)
encompasses almost the exact range found for the largest
engine (105 h.p.) as showr. in Table II. Table I1 indicates
“that the total condensable aromatics for the 3.6 h.p. engine
are about average for all engines. Thus to find total
condensable hydrocarbons, one can multiply the total conden-
sable aromatics by 4 or 5. To determine how much of the trotal
condensable hydrocarbons are found in the c¢nld water trap

one can divide the total condensable hydrocarbens by a factor
of 4 or 5. It is felt that the amount condensed in the cold
water trap (1-3° C) best approximates the amount that would
be condernced in a water column, 3s the temperature of
condensation in this trap is much closer to that of water in
‘a lake or pond than is that in the dry ice trap. One arrives,
by means of rhese estimates, at a value of about 1.5-7 for
that perceui of fuel-.fed to the engine which would be condensed
in the water cclumn.

If 3000 r.p.m. is selected as the speed at which most boat
usage occurs, and rhe values of total condensable aromatics

as percent of fuel is averaged over all engines tested ir thie
study, a figure of 2.5% condensable aromatics is obtained.
Therefore, the conclusion may be reached that the "average'
engine will contribute about 2.57 of its fuel to the water,
exclusive of drainage, during most of the time it is in use.

Influence of Maintenance

Two engines, an 18 hp Evinrude and a 35 hp Chrysler, were
investigated for the influence of meintenance on emission
performance. These engires were of similar model and horse-
power to two new engines tested, but were engines that had

kY
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TABLE I1I1

CINDENSABLE MATERIAL IN EACH STAGE AS WATER AND
ORGANIC MATERIAL (CHRYSLER 3.6 HP ENGINE)

t of Total
Total Wt. Total 1 Condensable
Sample (g) Organics {g) Organics Organics
1000 r.p.m.
Stage I (1-3°C) 34.52 0.47 1.4 . 18
Stage II (-65°C) 3.97 2.18 55.0 82
2000 r.p.m.
Stage I {1-3°C) 15.68 0.50 3.2 18
Stage II (~65°C) 3.58 2.16 60.5 81
2000 r.p.m.
Stage I (1-3°C) 16.12 0.43 2.6 24
tage II (-65°C) 2.81 1.34 47.7 76
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been used extensively in associated northern field studies.

The 18 hy engine had been operated for 81 hrs. and the 35 hp
engine for 67 hrs. in the field. The intent was to run the
engines as received, perform normal maintenance and then rerun
the engines aga’n to compare emission performance. These
engines were subjected to the same analyses as the new engines,
ircluding gas-phasc and condensate analyses.

The maintenance proccdures resulted in only very minor changes
in gas phase emission performance as is shown in Table II for
the 18 hp Evinrude. The maximum variation in the air/fuel
racic was onlvy 4 percenc. This is not a significant varia-
tion and supports the findings that there is little dif-
ference in emission performance.

The only trend toward a difference was exhibited by the 18

hp Evinrude engines, for which the field engine gave lower
amounts of condensables than did the laboratory engine. This
small difference may be accounted for by the fact that there
are sone differences to be expected even within a given ergine
model.

Crankcase Drairare

Three engines were investipated with internal crankcase drain-
age rather than the recycling svstem used on all current
engines. The enginés seclected were the 23 hp Chrysler. 50 hp
Mercury and 18 hp Evinrude.

A relativelwv wide variation was observed between the three

test engines. The Chrysler in particular exhibited substantial
drainage (11 percent}) ar the low-speed test conditiens. How-
ever, as with all of the engires. the drainage tended to
decrease with an increase in engine speed. Decreased drain-
afpe with increasing spced was expected because the greater

air ilow at hipgher speed results in more crankcase turbulence.
No explanation is evident for the drsinage differences

observed between the enrines other than it is related to
particular desizn characterisrtics.

A maximum drainage rare. of approximatelv 300 grams per hour
was observed at the 1500 rpm test condition with the Chrysler
and a mininmum rate of 39 prams per hour at 4000 rpm with the
18 hp Evinrude engines. In terms of the percentage of fuel
used, the drzinage observed ranged fron a maximum of L1 per-
cent at 1500 rpm for the Chrysler engine to less than one per-
cent for the Mercury 50 hp engine at the 3C00 rpm tesc
condition. AC low speed substantial variacion was observed in
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the results from run to run for a given engine. For example,
with rhe Mercury 50 hp engine at 15€0 rpm a drainage rate

of 197.0 gm/hr. was observed as the speed was increased

to the test speed, whereas a drainage rate of 3.7 gms/hr.

was observed when the speed was decreased to this rest speed.
This suggests that a hystersis effect is present such thar if
onc would approach a given speed from one side a different
crankcase drainage would be expected than if one approached
the speed from the other side. This is probably related to
the slight differences in combinations of spark advance and
throttle settings required to maintain a given performance
level. This difference is amplified by zhe steep slope of
the drainage curve evident in the low speed range of the
engine.

The gaseous emission performance of the "drained” engines
compared favorably with that observed from the "drainless”
engines. No significant differences were noted in the 18
hp Evinrude and 50 hp Mercury "drained' or ‘''drainless”
engines as shown bv the data in Table II.

The cil composition of the crankcase drainage was about 20 -
30 percenv. Since the ratio of oil to gasoline in the fuel
was 1:50 (2 percent) cranxcase drainape reoresents a 10-15
fold increase in oil content over the mixture fed to the
engine.

Zvaporation Studies

Once the exhaust produccs are condensed in the water volumm
there exist several mechanisms by which they can be removed
from the svstem. One of the most important of these is the
process of evaporation. In this particular study specific
attention was paid to the evapcration of the aromaric com-
pounds present in OME water.

Solutions containing ourboard engine exhaust were prepared by
running a small engine (1-1/2 hp) in a 55-gallon drum for a
period such that an organic phase did not separate in tne
receiving water. Solurions of pure aromatic compenents were
also precpared by dissolving these ccmpounds in water and
scirring briefly in a closed volumetric flask. Concentration
of exhaust products and of pure compounds was monitored by
observing ultraviolet abscrbance of the test solutions at

250 millimiecrons under controllied conditions of temperature,
initial concentration, turbulence and surface te volume ratio.
As the ultraviolet absorbance of total outboard exhaust



- product decayed with time to a final non-zero value (see
Figure 7}, the rate studies were corrected for this value
so as to represent the disappearance of wolatile aromatic
corponents only.

As expected, agitation in the form of stirring or aeration
markedly increzses the rate of evaporation. Detailed
evaluation of the evaporation kinetics of the OME vater
indicate that the eromatic component removal may be described
by a first-order rate expression. The half-life fur volatile
aromatics uniformly dispersed to a denth of 1 meter in a
quiescent body of waoter at a temperature of 20°C was determined
to be approximately 11 days. Rate of loss weald U course be
lowesrt in a quiescent water body. This condition of no
turbulence wouid be most unusual in 2 natural lake situation;
thus, the half-life of 11 days is highly conservative. A
faivlv rapid disappearance of volatile aromatics from the
condensable phase can therefore be expected in the natural
warer svstems. Half-life values of an order of magnitude
(=1 day) less rhan the quiescent value has been observec in
the laboratory under aecrated conditions (see Figure 7).

Yish Toxicity Studies

Fish toxicitvy studies were undertaken to determine rthe

effect of OME water on the fish populations. Because of the
fairly rapid evaporaticen of toxic components (described in the
previous section), conventional static fish toxicity studies
were deemed unsulitable, and @ dynamic testing svstem® was
devised whereby fresh solutions of the toxic components studied
were continuously fed to test agquaria.

Outboard engine exhaust condensate was prepared by running a
small outboard engire (1-1/2 hp Johnson) in a 55-gallon drum
filled with water. Thisz condensate water was then diluted
with dechlorinated tap water to give a ranse of desired
concentrations. Carbon monoxide. a product of the fuel
burning process was evaluated as a2 potentional source of

fish mortality in both the dynanic resr svsten and in senarate
static tests by bubbling rhe pure gas through the test water.
Mortality was expressed as TLwu values for various periods cf
exposure, TLy being the concentration at which 30 percent
morzality occurred.

TLw's for xvlene and toluene arc piven in Table IV. Table V¥
gives TLit's for outbvard ensine exhaust water. The TLy
values for the exhaust components is lower than that for the
pure aromatic compounds but of tihe same order of macgnitude.
It should also be noted that the 96-hour TLy value for the
pure aromatics ard the condensate are two to three orders
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TABLE 1V

Median Tolerance Limits for Goldfish
Exposed to Aromatic Hydrocarbons

TLM Values (ppm)

Compound 24 hr. 48 hr. 72 hr. 96 hr.

Toluene 41.6 27.6 25.3 22.8

Xylene 30.5 25.1 20.7 16.9
TABLE V

Median Tolerance Linits for Goldfish
Exposed to Cutboard Engine Exhaust Water

Exposure Time TLH
Fuel 24 hr, 48 hr. 72 hr.
Non-leaded 212% 194 185
(1/4720)** (1/51R0) (1/5610)
[ 12 }""‘.’r []_ 1] P [1 QJ'A':‘:*
Leaded 226 204 192
(1/4420) (1/4920) (1/5220)

*values given in terms of gallons of fuei burned per million
gallons of water

**values in parentheses given as the volume ratio of fuel to
dilution water

*%tvalues in brackets express aromatic fractiocn of OME water
in terms of ppm orf toluene
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of magnitude higher than those aromatic levels found in a
test pond used in the associated northern field studies
which had been subjected ro outboard usage at very high

levels (Table VI),
aticn levels. did not produce fish mortality. Thus it is
concluded that outboard exhaust is nct implicated in
acute toxicity under ncrmal boating conditions.

Carbon monoxide,

TABLE VI

even 4t near-satur-

UV-Analytical Data fov Salime Test Ponds (Fall 1971)
(Results calculated as ppm (Vol.) toluene)

Ocv. 5 Oct. 12 Oct. 20
Pond #1 (non-leaded) 0.27 0.24 0.08
Pond #2 (control) 0.09 - 0.07
Pond #3 (leaded) 0.19 0.20 0.12
Pond ##4 (control) 0.09 0.11 0.09
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SECTEN
FIELD SIUMES
NORTHERN FIELD STUDIES

Stress levels

"The engines used in the field stressing were provided by the three
major two-cvcle outhoard engine manufacturess, Outboard Marine
Corporation, Mercury Maripne Corporation, and Chrvsler Corporation,
fron standard production modeis (s<ec Table VIT). Pefore use in the
field each eneine was "aged' by munning the engine {or approximately
50 hours. This S0 hour pericd is eauivalent to one vear of normal
ercration 9. The engines ermloved in the field studies over the
three vear test period ranped in size between 2 and 50 horsepower
and as stated previously were a mixture from the three above mentioned
mnufacturers. The engines were rotated on a random hasis cver the
three vear test period. At no time during the three vear period were
any of the cngines tuned or maintained.

In general, over a week stress neriod, the engines wore operated at

1/4 speed (1000 to 1500 rpms) for 25 nercent of the time and 3/4 speed
(3000 ypns) for 75 percent of the time. The time and speed settings
were agreed upon values I ysed to represent normal boating operations.

Ten wecks after the lakes were divided outhoard engine stressing be-
gan. The stressing schedule for the entire test period is shown in
Table V11T, This table surmarizes the total fuel inputs into both
the leaded and non-leaded test scctions and the engines used during
the study.

The fuel utilized throuchout the studv was Fndoline 30 for the lcaded
test section (this pasoline contains 3.1 grams of tctracthyl lead per
g21lon) and Indoline clear (no lead) for the non-leaded test secticn.
Foth of these gasolines are produced hv the Standard 0il Corvporation
to ripid srecifications and are commonly used in engine testing pro-
cruns vhere fuel characteristics are deered necessary.

Standard two-cvele eneine oil was added *o the gasoline at the recom-
rended riatio of one part to fifty parts gazoline (1:5M).

Vethodelogey
In general all chemical and bieological cammling was perforimed by rou-

tine standard procedures. A detailed description of sampling procz-
dures and frecuency together with the chiemical and biclogical analyvtical



Manufacturer

Table VII

Engines Used During Test Peritod

Mercury
Mercury
Mercury
Mercury

Evinrude

Evinrude

Evintude
Johnson

Chrysler
Chrysler
Chrysler
Chrysler

Model No. Engine Serial No. Engine BHP
15002 3238485 50 hp
15002 3238629 50 hp
10402 3297340 4 -hp
10402 3297276 4 hp
18202 08215 18 hp
18202 08246 18 hp
2202 01036 2 hp
2R72 3530006 2 hp
354HD 21581 35 hp
354HD 21588 35 hp
82lB 11132 8 hp
82HB 11152 8 hp

Model Year Motor Type
1972 drainless
1972 drainless
1672 drainless
1872 drainless
1972 drainless
1972 drainless
}972 drainless
1972 drainless
1972 drainless
1972 drainless
1972 drainless
1972 drainless



TaBLg VIII

STRESS LEVELS

A. YNon-Leaded Test Section

bDate Engine Stress Rate Cummulative Stress Level
gallons burned gallons burned
yer million gallons per million
per day gallons

1971

22 Sep -~ 4 fct 2 Hp Ewinrude 2.4 28.8

4 Oct - 18 Oct 4 Ho Mercury 2.4 62.4

18 Oce - 1 JNowv 8 Hp Mercury 2.4 96.0

1 Nov - 15 lov 4 Hp Mercury 2.4 129.6

15 Nov - 29 Nov 8 Hp Chrysler 2.4 163.2

29 Nov ~ 1 Dec 2 Hp Jolnson 2.4 168.0
1972

1 May - 6 May 8 lilp Chrysler 0.3 169.5

8 May - 13 May 18 lip Evinrude 0.5 172.0

15 May - 20 May 35 Hp Chrysler 0.7 175.5

22 May - 27 May 4 Hp Mcercury 1.0 180.5

27 May - 12 Jun 50 Hp Mercury 1.0 196.5

12 Jun - 26 Jun 2 Hp Johnson 1.0 210.5

26 Jun - 10 Jul 8 llp Chrysler 1.0 224.5

10 Jel - 24 Jul 18 Hp Evinrude 1.0 238.5

24 Jul - 7 Aug 35 lip Chrysler 1.0 252.5

7 Aug - Z1 Aug 4 Hp Mercury - 1,0 266.5

21 Aug - 4 Sep 50 Hp Mercury 1.0 2806.5

4 Sep - 18 Sep 2 Hp Evinrude 1.0. 294.5

18 Sep - 2 Oct 8 Hp Chrysler 1.0 308.5

2 0zt - 16 Oct 18 lip Cvinrude 1.0 322.5

16 O0ct - 30 Oct 35 Hp Chrysler 1.0 336.5

30 Ocr -~ 13 YNov 4 Hp Mercury 1.0 350.5

13 Nov = 27 Nov 50 Up Mercury 1.0 364.5

27 Nev - 1 Dec Z Hp Evinrude 1.0 368.5
1973

15 May = 1 Jul 18 Hp Evinrude 1.0 421.0

1 Jul - 20 Aug 4 llp Mercury 1.0 478.0

4z



techniques.emploved are presented in the final report on this phase
of the project to the tnited States Invirommental Protcction Agency,

Results and NDiscussion

Riological

Periphyteon Cormunity - Artificial substrates 11,12 vere used to sample
the periphyvton cormunity of the pond svstems during 1972 and 1973.
Standard size glass microscope slides (25 rm wide x 75 mm long x 1 mm
thick) were lastenced to a supperting device which held them submerged
at a depth of 10 to 15 cm below water level. These slides were per-
mitted to incubate for periods of 14 to 30 davs, Slides were visually
ghserved dailv at the sarpling location and were collected when growth
appearced to he at a mayime before material hezan sloughing from the
artificial substrate ', At the time of collection, replicate slides
[rom cach station were taken for snecies identification, graviretric
hiomiss determinations and pigreat extraction.

Perinhyvton diatom richness and snecies diversity were higher in all
four ponds during the 1973 collection peried than during 1972, Rich-
ness and species diversity of "maired" ponds {1 versus 2 and 3 versus
4) wvere cormared hoth for the shallow (4 feet - 1.22 meters) and deep
(@ feer - 2.75 meters) portions. A paired t-test, 95 nercent confi-
dence level, was used to cerpare statistical significance. The re-
sults indicated no significant differences in richness or species
diversity occurred during the study period between pond - pairs.

Ash-fTee dry weight (organic) hiemrss (p/m?) and production (g/m2/dav),
as weil as chlorophvll a fme/m?) and chlorophyll a production (mp/m2/
day) of the periphvton community were hicher in all four ponds during
the 1973 test periad than during the 1977 study period. ™ omost of
the collection dates, organic vrosfuction wis less in the stress ponds
{1 and 3) than in the control ronds. Organic production in Pend 1
(non-leaded fucl stress action) was less than Pend 2 (control section)
on 66.6 percent of the coltlections. Pomd 3 (leaded fucl stress sec-
tion) vielded organic production values less than Pond 4 (control scc-
tion) 66.6 percent of the time. Yhen taken as a growy, the stress
ponds (1 and 3) had organic productions less than contrels (Ponds 2
and 4) on two of cvery three collections (F6.6 percent}. As vith---
mean organic production, wean chlorephyvll 4 production zhowed a simi-
lar vattern. Chlororhy1]l a production in Tend 1 was less than Pond 2
on $8.9 percent of the collection dates while 77.8 percent of the time
chlorephyll a production in Pond 3 was less than in Pond 4. Regard-
less of these observations, no statistical simificances, using a



paired t-test, 95 percent confidence limit, was found between "paired”
ponds (1 versus 2 and 3 versus 4).

Mean autotrophic index values, ash-free weight (¢/n?) calculated for

: chlorophyvll (p/m<)
the 1972 and 1973 period indicate that the tost stress ponds (1 and 3)
were more heterotrophic than the control nonds (2 and 4). Fven though
mean autotrophic index values were greater in the test poads (1 and 3)
than in the control ponds (2 and 4) in 70 percent of th: cellections
during 1972 and 1975 these differences were statisticslly significant
in only one casc (Pond 1 greater than Pond 2). Mo statistical difference
in autophic index levels between Ponds 1 and 2 were observed during
the study period. :

Phytoplankten Community - Species abundivice and occurrence were studied
in 1971, 1972 and 1973; samples were calculated ivice weekly, DNominant
specics and biomass were cxanined in 1971 vhile doninant species ang
groups, specles richness and nporilation similarity were examined during
the 1972 and 1973 test periods. During 1072, short tem population
variations were studied over a [ive dav period. Throughout the study
primary preduction was measured kv lcarhon fixation. During 1975
chlorophvll was measured and related to Mearbon production as a pro-
ductivity index. A special exneriment in 1073 was undertaken teo study
the irmediate cffects of outhoard engines on phyteplankton in the vicin-
ity of the test - engine docks (refer to Fieure 1). In this experiment
vhivtoplankton cell counts, chlororhvll and Icarbon production were de-
tewmined before, during and after engine operation.

Shifts in phytoplankton species richness (S/ V' and S-1/1nN, vhere S =
total number of species and ¥ = tetal mmber of individuals were quite
sinilar in pond pairs (1 and 2, 5 and 4). Ohserved diffcrences during
the test period were not statistically significant based on a two-tailed
paired t-test (95 percent cenfidence level). Cemparison of mean mumabers
of phyvtopliunkton individuals of Tend 1 versus Pond 2 and Pond 3 versus
Pond 4 for 1972 and 1973, together with similarity coefficient analvsis
indicates that the initial supnosition of similay populations in pond
"pairs" was valid. Powever, during 1973 difference in species richness
hetween Ponds 5 and 4 anrroached simificance. These "near' differences
vera likely the results of a hloem of blue-green alvae and shifts in the
assoctation ef green algae vhich occurrad on orposing dates.  Since hoth
rends (3 and 4) exbibited these srecies pulsc-phenomena (bloons), al-
thauch on an aswnchreonons time scale, these variations rust he called
re. 2l and not the result of ouitoard encine =tressine.  In summary
thcre vwere not significant variations in phytoplankton species rich-
n2ss caused by outhoard engine operation in the lour test ponds under -
study,



Fonr comparisons of phvtoplankten population simila. ity between ponds
indicated a high sinilarity of species associations hetween all ponds.,
Pond 1 fnon-leaded styess) heing similar *7 Pond 2 (control and Pond
3 (leaded stress) being similar to its control (Pond 4). Further
conparisons also showed the stress ponds (1 and 3) were similar as
were the centrol ponds (2 and 4). The extert te vhich these corpar-
isons show population similarity indicates that the stressing hy tio-
cycle outboard engines did not affect the composition of snecics as-
socintion in the ponds.

Analysis of the phytoplankton porulations showed no significant effects
due to the outhourd engine operation on the abundance and occurrence of
phytoplank.ton species associations. The population similarity woeffi-
cients and specics richness indices reflect similar populations in all
ponds from the onset of the studv,

Phvtoplankton productivity (ldcnuhon rethod) showed 'ond 3 (non-leaded
stress) to be less productive than Fend 2 (contrel) durine 1471 1o
1975. The leaded stress pond (3) liltowise had less vroducticn ~hun
its controi (Pond 4) during the three vear collection period. 1 two-
tailed paired t-test (95 percent confidence) showed these differences
not to be significant except in 1972, vhen the productivity in Pend 1
was significantly less than Pond 2.

Phytoplanlton chlorophv1l a measurernents taken during the 1973 period
of study showed no significant differences between Pend 1 (ron-lzaded
stress) and its control (Pond 2). Troase measurcments did chow & sta-
tistically significant difference however between Pond 3 (leaded stress)
and Pond 4 {control)}. Viszual ohservations of the ponds suggcst neriodic
bloom conditions in Pond 4 durine 1973 which would caplain the increase
in chlorophyvll a levels in Pond 4. The variation in chlorenhvll o he-
tween Ponds 3 and 1 is most probably due to the natural cvclic pattemns
of biological cormmnities in isolated hedics of water,

Phvtoplankten productivity index values (calculated from Yicarbon pro-
ductivity and chlorophvll a values derived from independent subsarmies
of the 1973 comosite collections) shewed ne sienificaat dif ference
when Pond 1 was compaved with Pond 2 and 3 vas comared with Poad J.
The resulting phrtoplankton productivity index data of 1073 showed

no inhibitory or toxic pronerties caused by outheard enpine stress-
ing over an cxtended period of time.

in midswmer of 1973 preliminary cxporvirentys were underiaken vo zrudy
vhether tinere was photosvnthetic inhibition in the immedinta-tich.ity
of opecrating outhoard engines. This study included celi-counts,



chloroprhyll a measurerents, and Mearbon production befeore, during,
and after short-tem (one hour) engine oncrution. Fven though phy-
toplankten organisms were submitred to a mementam thermal shock

{ T of ahout 100C) preliminary results indicate no significant ef-
fects on primary producticn in the irmediate vicinity of the engines.

Zooplankton Community - Zoonlankton ziamples were collected on a Tou-
tine basis during the 1972 and 1973 stress periods by use of a
"Wisconsin' style plankton net.

The tctii mumber of net-zoonlankton collected durirg 1973 was greater
in all ponds when comared to the 1972 .tudv peried. lowever, the

sare seasonal treonds and naturml fluctuations were observed in both
vears.  The two "paived” ponds {1 and 2 and 3 and 1) were approximately
one ronth out of rhase when compared on a ""tetal individuals'™ recover-
ed hasis. In general, the species richness of the zooplankton com-
runity was lower in 1973 than in 1972, This effect carried through

out all ponds and was concenmitant with population trends.

Arnlication of the paired t" statistical test to the 1972 and 1973
znorlankten data showed no sigmificant diffcrences in Zeconlankten
species richacss (§/ N and S-1/1nN) when Pond 1 (nen-leaded stress)
was comparad with Pond 2 (control) or when Pond 3 (leaded stress) was
compared with itz asseciated control (Pond ).

In 1973 zceplankton smecies diversity between Pends 1 and 2 again showed
no significant differvence. tlovever, in 1973 a =tatistical difference in
zoopliankton sprecies diversity wag observed hetween iond 5 (Ieaded stress
secticn) and Pond 4 (control section). This species diversity signifi-
cance occurred hecause Pond 3 had higher total mebers of net zooplank-
ton than Fond 4 (7.2 perzent), but more irmortantly, these greater meo-
ners within Pond 4 collecticnas were confined prirmarily to the Brachienid
Rotifers {1.3 percent). This seons to reduce the calculated diversity
of I'ond 3. Further, according to Ruttner M, variations of 10 to 20
percent have no significance in plankton statistics,

Irem net-zecplankton data coilected durine the stwdy peried it is con-
cluded that the zooplinkion corvamity in all ponds demonstrated normal
ccolegical dwnazics threughcut the study reriod.  Ne effect on th
zoontankton cormumity can be attributed to two-cvele outboard motor
oeperations in the northern test lake syvetoms,

Penthes orumity - Muantitative henthic survevs of all pend: were
rerfomied nenthly during the entire stuuwy pericd (1771 to 1073),
These survevs entailed the celiccticn of three benthic sarmles fron
cach of the four pends once a ronth. Statistical <arpling peints
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woere achieved by using an imginary alphamomeric grid syvstem over
laving cach rond. Supling points were then chosen hy random selec-
tion during the first study perind {19713 and by directed selection

the subseauent vears (1072 and 1973}, Ail four ponds had corparatively
Jard substrtes, therefore the Ponar ¢rabd sampler was chosen for
benthic coliecticn.

The 1971 test data indicates a rather diverse {2.30, 2,04, 1.95 and
2.02 species diversity values for Pends 1, 2, 3, and 4 respectively)
henthic faunal assemblage. The subscouent vears (1972 and 1073)
vielded a much lower gpecies diversity of benthic macrofauna in all
four ponds (1.15, 1.29, 1.07 and 1.20 far ponds 1, 2, 3 and J ve-
spectively in 1972 and 0,53, 0,61, 0,61 and 0.58 for ronds 1, 2, 3,
and 4 respectively in 1973}, This shift in benthic populations
occurred in Mav 1972 in all ponds,

This shift was due to normid trerhic succcssion fowd In a'l bodies
of warer and accelerated here becauge of the size of the vond cells
anmd the fact that the trophic nature of the ronds shifted (April
through Jhne ol 1972) from Chara sp, to the free living rhwvteplank-
ton species. This shift in trevhic asture reduced the ricrohabitat
availahility as well ax changed the tiye of habitat., Thus, organisms
such as (donata, Fphereroptera and Coleontera which Tived within the
Charm community gave way to substrate dwelling organisns such as:
tha Annelid worm and Dipterans.  These organisng could survive by
burrowing inte the unprotected miude and feed wpon the decaving Chara
and other detritus. Once thits shift cocurred in early 1972 the
benthic macrofawna were similar in all four ronds durine the re-
minder ot the studv period. Paired "™ statistical testing (9§
nercent cenfidence linmit) of the henthic data 1071 to 1975, in-
dicites no simificnt difference between Ponrds T and 2 and between
Ponds 3 and 3. Cutboard engine stressing over a three vear period
diz not cfiect the benthic commmity.

ish Corrunity - In the norther field ish study fathead rinnow
(Pinevhales rrorelas), Rluecills (Lememis macrochimes), wnrd pold
{ish farnssius auratus) vere stocksd in the ronds (tost as well

as control sccticns) prior to stressing.  In the {irst vear (1971)
the fish were 2llowed to ream in all ponds. Puring the sccond and
thivd vears of the study scme of these fish wore placed in live
boxes for subsequent flesh testing stities. The Fish placed in
thes2 live boxes {25 fish ner box) were allowed to eat food native
o their resroctive pond hahitats rather than artificial foods.

Fish flesh taste studics vere rerfomed vhen the pallons of fuel
muned ner millics gallens of water levels were 1.4, 1.5, 248, 1.0,
4.2, 1102, 769 and 11005 These suwdies wvere performed cn fish



From both the non-leaded and learded fiel stress sections, Popds ]
and 3, respectivetv, Fish bandled in the oo panner fres Ponds 2
and ¥ {contrel rondel were used as control {irh. ™ the average over
the test peried ne "of f-fluver™ wos noticed on 62.5 percent of the
fish swvles in the ron-teaded test pamd and 7103 rercent of the fish
from the leadad test pond. A one tine did rhe taste wanel indicate
an e f-flaver” due o "retrelam-lite taste”. The preatest resnonse
to differences in taste were directed at the texture ot the fish tis-
D¢,

Cherrical -

Giereral Chemistry - In general, the 1ewel af dissolved <olids in all
four ronds as a wrowm tendad to increase s1iaeltly durine the first
stihv vear, then leveled of f and remained relatively constant dpring
the =ccond and third vears, 1t shouald he netad that total dissolved
solids were rot reastred divectly, but mther, toe majorits of anions
and catiens wvhich wile un the disselved selids vere measure! on an
individinl basis,

fvor the three vear reriad vhosphorus Tovels did not varv sientficantly
botveen contrnl and tress perds, o sheuld e noted here that the
tatal phospherus levels frr all pords increased steniticant v during
the 1073 test =easen.  This increaxe is painiv in the palhvphosphorus
or rarticulate fraction, THis rise in tntal phosphorus je rest preb-
shviodue to the natural process of rerrieat vacovelinge within each of
the ronds.

A eeneral review of the nitroeen dita, oatbered during the stuldy, for
rach separata rensd indicates an overall increnso in organic and nitiate
sitroven when cormaring 071 levels with 1075 levels. Aerenia ana
ritrite nitrocen duta show po osid! Uiremd incrense over the stidy
certod. Agnin, this cherical shiftire apeears 1o be a natural process
¢f the rends themselves and rot related 1o euthoard engine stressing

tie

v

testing) of 211 the chemical data col-
e sty shewed that there was sienificant differences
evelt in five chenical corveorents () hordness, syl -
tvoand fead) vhon Popd 1 (norc-Teaded styess sectinm)
1ts aseociated contrel MMend 23, Sionificance at the
Tevel vies observad i nine Chemical corsanents in the
Lo (i, atbalinity bandness ) catciwe, swenesiwe, chleride,
fvity, dissolved exvoes . tercesntare and Tead) shen the leaded

section [Pend 3) wor cormvared 1o Pend 3 {controld.

]



The differences reperted for bardness, calcoiwm, chloride, sulfate,

and conductivity, although <tatistically significant were not that
large when average rean vilues over the three year test period are
corparel. Variations observed in these chenical cormonents are rmost
prolubly due to nowmal variatiens in sawling and accuracy of cherical
amalvsis,  These variations could aiso be the result of scouring of
the hottom sediments in the stressed ponds by the test propeller wash.
This latter explanation is a Jistinct possitility as the mean values
cf the five above-mentioncd chenical cormonents were higher in the
test section water cohimmns (Fonds 1 oand 3) than in the associataed
contral =ectinn water cohirms (Ponds 2 and ), This perturkation of
the botton sediments is more a result of phveical sizing (average
water depth of 6 feet) of the test facility and would be atwvpical

of normal cuthoard retor operations in deerer water. Thus, it is con-
chidded that the significant Jdifferences reported above cannet be at-
tributable to two-cycle cutheonrd exbanst emissions per se hut rather
to the physical eperation of these engines in shallew water (£ 6 feex).

Cignificant differences in dissolved oxvien was algo observed during
1972 when the nen-Teaded fuel stress section (fond 1) was compared

to its asseciated control (Uend ). On o the other hard, Tond 4 (con-
trol) skowed higher dissolved oxveen levels than its associated

tress test section (Irnd 3Y. A review of the phvteplankton results
for these ponds during 1972 indicates larger nhyvterland:ten populations
in Ponds 1 and 4 than in Poands 2 and 3. This leads one to conclude
that the significant differerces ebzerved in dissolved oxyveen n 1072
heteeen Pords 1 aad 2 and Pends S and 4 i prolably due to natural bio-
logical acrivity rathes than an ef fect due to outhoard engine stressing.
A temperature sicnificance wasg noted between Ponds 3 and 3. The mean
differcrce in termerature (AT) was 0.3%C over the three vear period.

It is felt that this cignificanca can be explained by the methods used
to neasure terperature in tive fiekd., No of fect on water terperature
an bhe attributed to the stressing by cutiheard oneires except in the
irrediate vicirity of the engines, f{ccasional statistical sienitficance
rms alse oehserved i ot oand atkalinity vhen stres® sections were con-
rared to control sectiens.  These shifts in plt and alkalinities can be
related to ajgal activities vhich leads to preferential conswmrtion of
carbonates by the Melegical comruwmiticos with a resulting decrease in
carbonate alialinisy 7

Lead - Lead concontrations in the water caliem were sienificantly higher
in both stressed ponds 1 and 3) than in their respective coniroi ponds

.
s

Tl s The sienificant differences in Tead levels betveen onds 1
srd 2 can possibiv be exnlained Iw o sedirent botton scouring Jue te
the propeller wash in the test section {Pend 1), The botson sediments



of the test ponds (1 and 31 contain between 10 ana 40 me of lead per by
The resusnenston and subseoguent rexolution of this sediment raterial
vould tend to raise the total lead content observed in the wiater colizn
of the test section.  Ax zuspected lead levels in the water colimn of
Fond 3 (leaded fuel stress secticr) vere higher than in any other pond.

Fecause of this possible hotrom sedirent scouring sitwarion iv ws found
desirable, from a statistical point of view to coppare the lended levels
in the water coligm of Pend 3 with the icad tevels in Jond 1. roth of
these vords were af focted by possible scouring due to outbeard encine
orerations.  lowever, only eomd 5 was exposed to stressing with leaded
fuel. irence, lepds 1 and 5 (nen-leadad and leaded ~.t1c'\- \mtxcnk
respectivelv) were owitiwted using o ene-tailed paired Tt oannlvsis
A ~hmf1‘ ant differonce in tead Ievels vas ohserved hcr\ oen Pends 1
and 3. There is a 34 pereent increase in Jend concentration in Pond 3
as conq\:n'cd to Pond 1. 'This increasc in lead levels is Jirectly at-
rributable to the use of outhpard engines operating on leaded tucl.

aring the three seasons of stressing, o total of 148 Xe of lemd wos
introduced to Pend 3 throuelr the corbustion of fuel containing 3.1 orans

D lead ver eallon,  Aralvsis of Jead content in the pond sedirents and
statistical evaluation ol the data does nnt show o sjpniticant increase
in Jewd in the scdbrent=s of 'ond 3 tlemied fuel stress sectien).  The
rean Jead concentyation o the botten sodinments of Pends 1, 2, 3, and
were 23,7, 17,9, 20,3 and 2oLt refie rostectivelv. Palred stotisticn)
coimparizons hetween fends 1 oamd 3, does net indicate a sicmidicant dif-
ference in lead content of the sodirents hetween the twe promls, It
should be noted here that the small saenle sizZe @=ml the hieh standmd
error of diffevence due to the ctaminrd deviation of -the differences in
the =umple pornlation may e the renson ne simnificant dif ferences were
observed in the lead content of the sadirents.

Hedrocarbon - hata fren the 1073 stressine scasepn on spturarred hvdrocar-
boa Tevels in the water coliem i nresented in TaRle 1V, Theze data in-
dicate saturated bvdrocarbens in ?lﬂ 17530000 beiline paint range (cov-
resronding to, in relecalar veicht (10 1o Ul p- pars(Tins nresent in the
rands) in the range of M35 to A8 me/l. Satmrated hedrecartors in the
INN-2000C hailing roint mnee (CD' espenling in rolecular weicht to €17

to €20 n-parafing) are present at the 2.1 to 021 me/1 tovel. 1t should
e poted that beth Cnulsifi- Iadsorbed hvdracarben saterial is included
in the analvsis of these water cohn savples by the mulvrical rrocedure
er~loved,  Statistical analesis of this Znta by g tee-tadled vaived v
test shows that no significant differences exist botween stressal and con-
trol ronds durine the seriald of testine,

73
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Date

15 May
1 Jun
26 Jun
2 Jul
23 Jul

5 Mav
Jun
6 Jun
Jul
3 Jul

(RS SR NI ol

73
73
73
73
72

-

73
73
73
73
73

IIYDROCARBONS*® (Bofiling Point Range 175-3009C) (mg/l)

Pond 1

0.45
6.39
0.48
G.35
0.37

HYDROCARBONS* (Boilinp Polnt Xange 300-400°C) (ryg/l1)

Pond |

ol e Nojge e
PO e e b
[ %2 AV, B o PO

re

Tanlk 1Y

0.40
0.40
0.42
0.35
0.37

0.11
0.12
0.14
0.16
n.16

Yond 3

0.41
0.43
0.36
09.35
0.37

fond 3

0.12
0.13
0.17
0.19
0.16

Pond 4

0.38
9.39
0.35
0.38
0.36

Pond 4

0.11
0.12
0.19
0.20
0.17

%Sarsples are composites of individual samples taken at surface and middle at

stations A and I and surface, middle and depth at station C.



Table X

Saturated Bvdrocarbons in Sedimontg {(ng/kg)
(boiline point range 175-300C)

Date Slatlén Pond 1 Pond 2 Pond 3 Pond 4
15 May 73 A -0.1 3.2 12.8 11.1
15 May 73 B 6.0 15.3 3.8 <0.1
15 May 73 c 3.4 4.1 <0.1 2.8
18 Jun 73 A 3.4 3.8 10.5 9.1
13 Jun 73 B 0.8 2.7 4.0 3.6
18 Jun 73 c 5.4 5.0 25.8 6.7
23 Jul 73 A 7.5 2.1 4.6 1.8
23 Jul 73 B 5.9 8.7 <0.1 4.3
23 Jul 73 C 4.7 12.9 19.5 0.3

Saturated Hydrocardoas in Sedimcntg (mg/ky)
(boiling point range >00-4007C)

15 Ma 73 A L. 2.9 19.2 7.9
15 Ma, 73 8 11.0 8.4 4.5 3.7
15 May 73 c 5.1 4.0 6.7 3.7
18 Jun 73 A 2.9 1.7 4.6 7.3
18 Jan 73 B 3.1 3.4 6.5 4.2
18 Jun 73 c 16.0 2.3, 22.5 6.1
23 Jul 73 A 22.3 1.1 1.6 7.8
23 Jul 73 B 12.3 15.9 0.2 4.6
23 Jul 73 c 5.4 7.6 8.8 5.1



Saturated hvdrocarbon levels of the sediments from all four ronds are
shown in Takle X.  Pydrocarbon levels in the 175-3000 hoiling roint range
varied from 0.1 to 25.8 mo/Ke dry weicht of sediment. The overall rean
concentration of hvdrecarbons in the 175-3000C boiling point range in

the sediwents of Pord 1 is abocut the same as that of Tond 2 (4.1 mg/ip
versus 0.5 mg/Ke, respectivelv). The overall mean concentration of hyvdro-
carbons of this rnge (175-300°C) in the sediments of Ponds 3 and 4

were 0.0 and 8.9 mg/Ke, respectively.  In the 300-4009C hoiling point
ranze, the saturated hvdrocarbon levels in the sediments were 10,3,

5.6, 8.3, and 5.6 me/Ke for Ponds 1, 2, 5, and 4, resnectively. Sta-
tistical analvsis of this data indicates ny simificant difference be-
tveen Ponds 1 and 2 and Ponds 3 and 4. Visual observations of the

data seems to indicate a "trend” with an arparent increase of saturated
hydrocarhons in the 300-4000C hoiling roint range when Pond 1 is com-
pared to Pond 2 and Pond 3 is conpared to Pond 4. Vowever, this 1s
necated statistically by the smanll gamrle size and the high standard
error of difference due to the standard deviation of the differences in
the sample population.

SYATERN FTELD STUMIES

Treatnent levels

“otor operations of hoth test svatems was on a continuous hasis for an
1S-month period. ™ a cwwlative tasis beth the drained and drainless
engine test ponds were exposed to a treatrent of apnroximately 400 liters
of fuel hurned per millien liters of water over the first 12 months and
TOD 1ivers of {uel! Memcd per nitlion liters of water over the total
18-month period. It should be roted that the ontinal treatment level of
three times (3¥) the maximi boating usage wias not attained until the
twelfth menth of the 1R month study as the water level receded.  Treat-
ment levels continued at values of. three tines mximu boatine usage or
areaier for the rerairder of the proiect.

Yiothedologny

A1l chemical and biological <armling was nerformed by routine srtandard
rrocodires, A detatled descrintion of samnline procedures tozether with
the chenical and hirlegical analytical techniaues emploved is presented
in the final repoart to the invivonnental frotection Agency,

Hesrlgs

Fiolocicnl

Fenthic Macroinvertebrates - Penthic samples were collected with a 36
sauare inch (0,02 sguare meter) Phman dredge from August, 1971 to March,

[¥2]
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1975,  The control and drained engine test ponds were sammled at five
locations cach month, the drainless engine test pond was sampled at four
Iocations per month throughout the study period.

A complete list of the total macroinvertebrate taxa collected throughout
the studyv is included in the {inal report. In general, the benthic com-
munity structure illustrated taxanomic similarity throughout all three
test ponds; cach being dorinated by insect larvae primarily within the
Order Diptera. Other organisms collected during the study period

were:  Tubificids, Amphipods, (lonates, 'nhemeronterans, Nerutodes,
Trichepterans, Turbellarians, Firudincans, Colcopterans, Cladocerans
and P'vdracarina.

The mumber of families of rmacroinvertehrates was lowest in the drain-
less engine test pond. lowever, calculated indices on corrunity di-
versity indicate the drined engine test pond to be the lowest in di-
versity with the control pond the highest.

Aoone vay analvsis of variance (ANOVA), when applied te species com-
rosition and density, indicates no discernable difference in the
racroinvertehrate populations of the three ponds after 18 months
strezsing. Yhe ANVA analysis was perfomed at the 95 percent level
ot confidence.

A multiple rezression analynis was also performed on bhenthic inverte-
brate diversity to detemine seasonality or Jdifferences hetween ponds
di to engine stressing.  There was a significant difference between
rends with respect to their mean diversity indices. The control pond
had the highest species diversity index, the drained engine pond next,
and the drainless engine pond the lovest index. The control pond was
fopificantly higher than the driinless engine pond, but was not sig-
nificantly higher than the drained engine rend.  The drained engine
rend wag net =ignificantly higher than the drainless engine pond. For
a ziven porad there was no statistisal difference hetweon the nean species
diversity indices over the full 1972 wwrua! cvele, although the spring
season axl the highest indices and the winter scason had the lowest
irdices.

3

Periphyion o Periphvton productivity as drv weight and ashfree Jrv
woight Tu/rm-Adoy) was measured throughout the study (August 10, 1971

- March 27, 1073). Glass microscone slides provided artificial sub-
rates for reriphvton colonization. Artilicial substrates such as
ass «lides are somewhat selective but this nrovides a techniaque

r osarpling similar pepulations hetween pends.  Natural substrates,
.e., macronhvtes, were nore abundant in the drined engine and drain-
ss engine ponds than in the control pond. Measurements of the

S



periphvton cormmunity were basad on the asswintion that natural sub-
strate surface arca, grazing, predation, death, and decormosition

were on the sume order of magnitwde in all three study ponds.  There-
fore, the calculated organic productrivities reilected actual dif-
ferences related to the natural and experimental stresses in cach
pond.  Periphvton doily grevth rates, exvressed as grars of carbon
fixed per square metev per lav, ranpged from 0,01 to 0.12 during the
course of the studv. The hizhest sinele dailv growth mte occured in
September in the drained engine vonds (0,12 ¢/m-}. The geneml, peri-
~hyton growth rates were highest during the suemer months and lowest
during the winter.

A one wav analvsis of variance test was used 1o determine sionificance
of variations in the data. "This test commared productivity values from
the combinations of contrel and drained pords, contrel and drainless
nonds, drained and drainless nondsz, and contrel, drained, and drainless
ronds.  Although the drmined engine pond showed hisher dailv erowth rates
zad 2 higher vearly average, the variations in periphvton productivity
petween the three study ponds vas not =immificint at the 95 percent level
cof confidence. lience, assuming substrate surface area was equal in all
throe porais, the operation of two-cyvcle outhoard engines (drained and
drainlessy had ne arparent ¢ffect on the periphvton cormmmity over tie
coeurse of the study,

Fhvtoplankton - The phytoplankion cormumity was studiad threughout the
course of this project using species diversity, productivity and biomass
analvses.  ddentification and ¢ounts of composite surfuce and botton
zarples were made ponthly,  Cormarisons between ponds were made with the
Shaunon-veaver species diversity index where environmental stresses are
reflected by a decrease in diversity,  Piomass was estimated through
chlorophnvl? a measurciments which were talen on cormosite surface and
Rottom sarmles by in vive fluereretry once each ronth_in 1073, Phyto-
~lankton rrimay productivity was reasured using the ]Jcnrhon technicue
during 1077 and an oxveen method during 1072 and 19875,

Flankton cell divewsity, recorded as c2l1s/ml, indicated that the
Crvanophyeene (blue-green algne) vere most abundat in all three ponds.
Anaevstis marina vas deseribed ss the doaminant orpanisn as it occurred

n 6 percont of all samples frem the dminless eneing ponds, 33 percent
¢t all san~les in the drained encine pords, and 33 percent of all eonnles
iz the contrel nond.  The Chlorerhveeie (ereen alpse) was the most Jdiverse
sToup but also occurred with tre lowest abundance.  "Rlooms ( 500 ceits/rl)
¢ green alene difl pot occur. The Chrvspophvecde (onlden-brown aleac),

1o often mre in abundance (rare = 1-3 cellse/1 and uncomon = 6

cells/mlY. Likewise the hinofiacellates, also chamcieristic of mest
Flovida labes, occurred in the “rarc-uncomren’ ranse of abundance.  The

A
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Ractilariophyceae (diatoms) were exceedingly rare.  Several other major
groups were represented by a few taxa, but were "rarc-uncormon'' in
ahindance.

Seasonal specices diversity indices were variahle, although differences

i mean diversity values (28 June 1971 - 2 April 1973) were not that
great. A one way analysis of variance test (ANOWA)Y indicated no signif-
icant difference between diversity in the three test ponds during the
1971 bhaseline studv. Furthemere, no sigmificant variations in divers:ty
were found during 1872, iowever, \NOVA calculaticns did show significant
variations (9° percent confidence level) in specics diversity during 1073
with the drainless engine pond exhibiting the lowvest diversity and the
control pand vielding the highest diversity., Diversity values seem to be
clozelv related to the blue-green algae, Anacvstis marina, which often
occurred in 'hleon" conditions. There arce, however, no studies avail-
able which relate this species to environmental stress factors.

Phytoplankton cell density was auite variable although mean and standard
deviation values are reported as being similar to carlier studies in acid-
soft water lakes. Cell diversity was lowest during surmer monthts and it
it felt that phosphate was a limiting factor at < 0,001 mp/1 orthosphos-
plite.  The one way analvsis of varjance test showed no significaat dif-
ference between cell density of the three test ponds during the 1971 hase-
line study or during the 1972 test period.  The AXWA test showed signif-
icant variations between ccll density of the test ponds during 1973 at

the 00 percent confidence level. Greater mohers of cells/ml were found
in the stressed ponds compared to the control. :

Estirutes of standing crop by pigrent analvsis indicated higher valucs in
the control pond as opposed to the drained engine and drainless engine
ronds.  Biomass yalues were auiie variahle between the test ponds during
the 1071-1975 study period. The one wav analveis of variance test, ot

the 95 percent confidence ievel, indicated significantly higher chlorophyvll
a levels in the control pond than in the two stressed ponds.  In appliving
the Tincar regression test to the contrel nond data, there was a high
correlation between cell density and chlorenhyll a. There was ne such
functienal relationship found in cither test pond. Tt should be noted how-
cver that the correlation between cell mombers and chlorophvil a v be
influenced by cell size. As for examle, .\pacvatis maring whick was

fownd in higher abundance in the stress peads, has an extremely s:ll cell
size amd most probhably a smatl amoumt of chlerophvll a.

The 1271 baseline data showed greater phytenlankton productivity in the
control pond than in the treated ronds. Alrhough the control pond did
not vary significantly from the drainless encine rond, the variation be-
tween the control and drained cngine pond was significant at the ©5 per-
cent confidence level (ANOVA test).  Significant differences bhetween
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the control and the two stress ronds (95 percent confidence level)
were scen in phytoplankton productivity during 1072-1973,  In studyv-
ing the annual trends of the three test ponds, it is noted that pro-
ductivity in the control pond varied greatly from approxirately 0.61
eCmm? to a high of 1.1 ,0m o, The stress ronds rnged approximately
from 0,01 a3 dav-1 to 0.7 pCr-3 dav-l and essentially paralleled
rach other during most of the study neriod.

In conclusien, there were temporal chanpes in species cormosition,
standing cron, species diversity, chlorenhvll a, and primary preduc-
tivity. These changes were most probably due to variations in nutri-
ents including carbon dioxide, terperature, and light, and cannot he
conclusively correlated to outhoard engine «rissions or orcruations.

‘icrorhyte associations - Evaluation of the recropbvte cervrunity include
species corposition and standing cron analvsis together with grass hed
nroductivity and carbonate enrichrent experirments. (Grass bed collections
were made by random quadrat sarmling and removing all vegetative struc-
tures,

The culittoral and sublittoral zenes of the drained engine nond had
agreater plant biomiss than the other test ronds,  Sampling freauency
wits not =ufficient vo examine the data statistically,

The vegetaticnal changes in all three test ronds have followed @ normal
awil itative pattern as i< evidenced by srecies cerposition, freauency
and distribution. The centrol pond was derinated by Rladderwort
fUtricularia {loridang) and Chret Bush fhmcus repens), while the drin-
less engine pond was doninated by a population of Rladleneort throughout
the study periad.  The drarined engine test pond initially supnorted a
nixed cormurity consistine primarily of Pladderwort and Water Mint
{!’dretrida cavoliniana), however, during the swrmer of 1072 Vater Mint
hevan doninating all but the deere=t areas ef the pond. In May 1073
Rladdervort was reestahlishing itcelf within the drained enaine test
svsten.

Grass bed productivity was measured in clear rlastic dones (0.3m diancter

x 0.5 hiah) vhich was placed over sclected arcas of the plant bod.  Oxveen
wis measured at dawn, dosk, and at the follewing dmar. Productivity was
calculated in tems of the difference in oxveen levels hetween davlight

and dark periads.  No statistical difference {ANOVA at 95 percent confi-
dence) in gross productivity of the grass bed vas observed between the coni-
trol and the drainless ragine pond. There »us sienificant difference in
productivite between the control and drained engine pords and betveen the
drained engine and draoinless engine ponds.



Miring five of the seven wmonths for which grass bed productivity data were
obtained, specifically, January, April, June, July, and Soitember, the
draincd engine pond had the highest productivity, the next highest was the
drainless engine pond excent during the month of June when it was the
lowest. The control pond had the lowest productivity except for the

month cf Junc when it was higher than the drainless engine pond. Aver-
aged over all the months, the highest pooductivity was in the drained
engine pond, next was the drainless engine pond, and the control pond

had the lowest productivity.

Inrichment experiments were conducted in the control and drained engine
ponds to assay the grass bed corrunity for carhon as a liniting factor.

As pHwas low (less than the carbenate-hiocarhcnate couivalence poirt)

and tinere was the probability of a non-carbonate buffer svstem, carbon

was suspected to be a limiting factor in the grass heds. A control

and five levels of carbonate solution (0.5 - 10 pom) were added te in-
dividual doies by canillary tubes. Oxvacn production was measured he-
fore and during the addition of carbonates and corpared to the control.

Yo sienificant differences in nroductivity were noted by adding carbonates
to the control pend. Mest likelv hecnuse of the snarse vegetation that
occurred during Movermher when the oxperirent was conducted. However, car-
honate cnrichment did significantly increase productivity in the drained
cneine pond.  Yhen comared, the drained encine pond-had a mich greater
initial bhiomass than the control rond.

There are indications from these studies that carbon dioxide (CO4), a
corponent of the gascous exhaust erissiens, mav cause, at the treatment
Ieveis emploved in this studv, an increasse in productivity in soft-acid
witer lakes. This "treatnent cffect” bas not heen fully substantiated
because only one of the tost svetens (drained engine pond) showed this
response.  In addition as a result of mixing and stirring, transport of
ciarbon dioxide as well as other nutrients into the grass heds may cause

an increase in preductivity., Pater circulation was chserved in the ponds
durirg the operution of the motors. Some scouring of the bottom sediments
vias noted in the vicinity of the motors.

Fish tainting - Sarples of cunfish (Lepomis sn.) and large routh bass
(Micronterus salmoides) were collected reriovically from cach pond and
tested by a ranel of eleven judees at the University of Florida Food
Sciences Laboratories. A triangular testing method was emnloved in
vitich the judees were given three sarmles, two of vhich were identical.
They were asked to identifv lite sarmmles,. and to rate than on a scalc
frer one (very had taste) to seven (very geod taste) and to camment

as to whether anyv traces of "tainting” by petyvoleun products could be
detocted.

The taste of hass and sunfish was found to range from four (reither like
or dislike) to six (like moderateiy) in cach of the three test ponds
throuchout the entire studv peried. No sienificant cevidence of fish taint-
ing was observed during the studv,
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Chemical

Gcncra!‘ chumistry - To evaluate the,effect of outhoard marine engine
operation o. the chemical systm'bf the ssouthem lakes, a volatively
broad. chemical characterization stuly, of the’aquatic svstem was under-
taken. A detailed #scrintiop of the,chemital methods crploved is
given in the final report. Baseline data on the cienical systems in
the three pogads_as:¥ollegted during tho .qonths of July through tctober,
1971.

The soutnern '"Lakes™ , ?ﬂ’ﬁ»"lstﬁllnr to nanv {reshwater Flerida
lakes in that they co VAot s of dissolvad solids, me acidic,
and have clear water ard ARy it.a deniSe grass kel cone. tiological
activity and storm has6k~ilﬂuif'gcncr1llv determines the nutrient levels
and seasonal varaation. inﬂ!hxs activity cun cccount for relatively largc
variations in ‘the levels aﬂﬂAmoleculgr ferms of carbon, nitrepen and
phosphorous, -~

Of twonty-five chemical™parameters reasured, no cffects were ohsenved
in total dissolved solids, total suspended =olids, hardness, conduc-
tivity, turbidityv, pl!, dissolved oxyvgen, chloride, lMuoride, sulfate,
mgnesiwm and iron.  Fxcessive variztions in the natic1 background of
biochemical oxvgen damand (1 to S #c/1) and chemical oxyoea deraing (9
to 85 mg/1) precluded isolating the contributions rmade b the outboard
marine engines. Similarly, there vere seasenal variations in total
phosphorus, orthophosphcrus, ammania, nitrite, nitrate, patticulate
organic carbon, and orpanic nitregern but no relationship with outhoard
enzine operation could he found,

Inorganic carbon - Two chounical cormnients showed a staristically sig-
nificant variation as a result of outhoard eneine stressing.  ‘fean total
irorganic carbon concentrations in the stressed vond were 30 to 66 ser-
cent higher than in the zontrol pond. Levels observed in ali the ronds
iell within the ¢.2 to 1.4 mg/1 Tance which aprroach the 1imit of de-
tection of the analvtical method ermioved. The increase in ingreanic
carbon in the stressed ponds is attributed to the (02 emissions of the
engiacs, the €Oz resulting from oxidation of unhumed or partially
burned hydrocarbon emissions, rixing of the Pottom vaters with the sur-
face waters in the limnetic zone and the increazed diffusion of (0> he-
tween the atrosphele and the ldlo vaters Jdue to engine operatien.

Organic carhen - Tgtal organic carben levels were sianificantly hicher
in the drained nngpnc pond than in etther the drainless eneine or con-

trol rends. A meancpncentration of 7.4 re/1 i the dmined enzine pond
and 28 percent hlﬂhﬁ& than that of the drainless encine pond and 17 per-
cert highcr than the centrol pond. This nay e strributed te the crank-

case ¢rainage of dissolved organics (hwlrucariens) associated with the
use of drain-type engines as well as decoyposition of vegetation.



Motor oreration in the soiithern lakes increase the concentration of dis-
soived arematic hvdrocarbons wxi also mixed and circulated the lake water.
Therefora, the hwidrecarbon emissions, as well as, other exhaust emis-
sions were distributed throughout the lakes. The concentration of
avoratic hvdrocarbon (as measurced hy 11V analyvsis) increased from
backprowd levels of less than 0.1 mp/1 (measured as toluene) to levels
of 1.0 ng/1 during motor oneratien. bhen the motors were not operated

for two davs, the hvdrocarbon levels declined to less than 0.1 me/1.

Althouzh the leaded {uel was uzed in this studv, the environmental im-
nact of Icad emissicns were rot studied becausc of the large backeround
Ieveis of load (€ te 00 mg Ph/Xe of dried plant tissue) observed in
the rooted vegetation of the lakes. No known sources of leaded pol-
llut:lnts vere found te have enterad the three southern lakes prior to
the stwdy,
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