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1. ZErzief Qverwiew
EPA is currently in the proposal stage of 2 rulemzking that
seeks to regulate emissicns cf pollutants fIcm new nonzcad spack-
ignition and compression-ignition marine engines. That rulemaking,
whichn iz the subject of this docket, addresses the proplem of
macine engine pollution primarily by examining the effects of these
emissions cn ambient air quality. The regulaticns, test procedures
and standards focus on measuring and resducing pollutants released
inte the air, not into the water.

Eowever, marine engine exhausts may also have an impact on

water quality. Many marine engines are designed to vent exhaust
cases directly into the water. Other marine engines, those

designed to vent exhaust gases into the air, may also affect water
quality-given the close proximity of exhaust release to the water.
Thus, it can be argued that a rulemaking that seeks to control
emissions of pollutants from marine engines should consider their
impact on water quality as well as air cuality.

This memo explores the necessity of explicitly considering, is
the context of the proposed marine engine rulemaking, the eflsct
cf marine enzine exhaust emissions on the marine environment. I
consists of A ~ummary of findings of several research studies that
examine the 2ffects of those exhaust emissions on water quality.
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Several of these authors find that concentratad levels ¢f marine
engine exhaust emiszaicns do have an impact on marine eccsystems.
However, at the concentrations at which they actually occcur, most:
researchers conclude that these effects are s=mall and, in most
cases, do not adversely affect most marine plants and animals.

These studies suggest that the impact c¢f the exhaust from
these encines on the marine environment may nct be large enough to
warrant additional regulations to address water quality separately.
In addition, efforts made, throuch the marine engine rulemaking, to
recuce the levels of pollutants in marine encine exhaust that a-e
released into the air will also act to reduces tre levels/cf these
pollutants that are released into the water. 2s =2 result, the
proposed regulations will lessen any zdverse impact those emissiens
cuzrently hzve on water gquality.

The remainder of this memo consiste cf six sections. Secti
two discusses the nature of the studies examined. Section th=-
briefly describes how marine engine exhaus:t emissions enter t
ecosystem, and how their effeckts ars reduced by evaporatic
lessening water quality impacts while increasing air cquality

impacts. Section four discusses several crude pollution level
thresholds that have been estimated by various authors and how thev
can be interpreted with recard to water cuality. Section five
examines in greater detail the impact of marine exhausts cn
gpecific elements c¢f the mar-ine environmens: water quality,
sediments, flora and fauna. Section six discugses the ex:-ent to
which it is poesible to separate the effects of marine engine

exhaust pollution from other sources of the same Follutante.
Finally, section seven summarizes EPA’s conclusion on this issue.

2. Descrirction of Studies Examined

To assess the impact of marine encine exhaust emissions cn
water quality, I examined the eleven articles enumerated in th
attached bibliograghy. These articles vary in scope f£rom the
examination of the sgpecific conditions of pazticular lakes to
laboratory studies. Although the articles surveyed are not an
inclusive list of all research con this topic, three of the sources
(Milliken, Wagner and Chmura) are summaries of other studies which,
I believe, asufficiently capture the consensus of the literature
they review®. '

The subjects, as well as the research technigues, wvary frcm
study to study. Scme researchers focused their attantiocn on the
propercties of sediments, as evidenced in core samples, while cthercs

In several instances, the studies surveyed in these summaries
overlapped. 1In those cases, the studies are described in similar
fashion, increasing my confidence in the descriptions of their
content and conclusions.
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ere more interested in general water cuality, as evidenced by the
regsence of pollutants in the water, plants and animals, as well ag
ediments. Some studies focus on the presence of lead or other
race metals, others on hydrocarbons.

it 'o

Because of the diversity of the studies surveyed, it is not
possible to pool their data and draw any overarching conclusions,
The authors were studying different lakes, different cenditiorns,
and different organisms at different +times. Therefore, the

analysis in this memo focuses on a compariscn of the conclusions ot
these studies, and not specifically on their da:a analysig or

-~

research conditions. Before turning to a description of these
conclusions, the next section briefly describes how marine engin
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exhaust emissions enter the marine environment, and how some o
their effects are mitigated by evaporation.

3.  Sources of Pollution

Marine engine exhaust emissions pose a special environmental
Dlem because

le au they consist not only of the gaseous exhaust f£ro

combustion process but also, especially in the czse of two-
ke engines, a mixture of unburned oil and £ael. Curzzan+
inelogy spark—ignition twe—stroke engines, which are widely used
in marine vessels, do not use fuel efficiently. An unburned
fuel/cil/air mixture is used to push the exhaust gag out of th
cvlinder (this isg called "scavenging”). As a resul:, a substantiz
porticn of the unburned fuel and oil is prshed out cf the cylinde
with the exhaust gases. 2As much as 25 percent of the fuel ccnsume
is wasted in this way. Many studies of the impact of marine engin
exhaust emissions focus on the impact of this unburned oil and =uel
rather tharn on gaseous emigsions. There are 2zt least two
implications of these dischazges o©f wunburned fuel and oil,
regarding their evaporation =and the impact of the propcsed
regulations.
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First, the impact of these emissions on the aquatic
environment is mitigated to a large extent by the evaporation
process. 0il and fuel are volatile compounds that evaporate into
the air, which reduces the amounts of these compounds that persist
in water and that can reach levels concentrated enough to pcse
danger to the marine environment. Bagsed on their study of
evaporation rates, the Rensselaer report concludes that "a
considerable fraction of exhaust products can be expected to
evaporate from the water surface to the air at temperatures
normally encountered during periods of the year when boating is at
2 maximum level. For the exhaust products studied, it was found
that approximately 65% was removed from the surface by this
mechanism" (Rensselaer, 1974, P. 2). The following table, taken
from that study, shows that considerably more can be removed,
depending on the type of fuel and the temperature conditions. This
tadble reflects the results of several tests that were performed to
determine the evaporation rates for four compounds: undiluted



Mobil gasoline,

operating at

1200 rpm,
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and undiluted Mobil ouitboard super oil S2E 40.

Evapeoraticn Rates for

Table 1

exhaust products from a 33 bp Evinrude engine
a mixture of gasoline and oil (30:1 mix),

Various Compounds

Substance Temperature | Cumulative Cumulative
(eC) Time Evaporaticn
(hours) | (percent)
Mobil Gascline 5 1.1 - 1.4 €3 - 65
| 10 1.2 - 1.5 60 - 68
15 1.2 73 - 74
20 1.1 -1.2 72 - 76
25 1.2 82
) 30 1.2 g8
Exhaust products 33 hp 5 1.5 28
Evinrude @ 1200 R2M
10 1.5 32
15 1.4 38
20 1.5 453
25 1.5 53
30 1.4 60
Gasoline plus oil 5 1.2 63
(530:1) mix
10 50 1.3 62
15 59 1.2 70
B 20 68 1.2 73
25 77 1.2 78
30 &6 1.2 84
Mobil outbwvward super 25 1.3 0.2
:oil SAE 40
. 30 1.3 0.01 - 0.01

Trom Rensselaer, po. 209-215)

This table illustrates that undiluted gasoline, exhaust emigsions,
and oil/gas mixtures evaporate quickly, while undiluted oil takes
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much longer. The authors note, however, that caution needs to be
exercised in interpreting the results in this table:

... the evaporation rates «repozrted here must be
considered specific to the materials and conditions used
in these tests. It would be expected that other gas/cil
rztions, cther brands of fuels, other engines, and other:
cperating conditions would give different specific rates.
The trends repcorted here, however, are considered to be
significant and typical of the rates of evaporation to be
expected of the exhaust products discharged (Rensselaer,
p. 231).
This is especially important since the formulation oI Moli
czsoline and/or outboard super oil, for example, have undoubted
changed since the time of their research (early 1970s), which would
zlso have an impact on the results £or the exhaust products Ifcx
the Evinzude 33 hp engine.
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The Boating Industrial Association study reports somewlat
different evapcration rates for exhaust products, but they also

vsed 2 much seimpler %test process and 2 1.5 hp engine. The
important difference is that these authors find 2 much slower
evaporation rate for quiescent, as opposed to aerated, water: "tle

alf life £cr volatile aromatics uniformly dispersed to a depth cf
1 meter in 2 cuiescent body of water at 2 temperature oI 200C was
determined to be approximately 11 days" (Bcating Industrizl
\ssociation, p. 36). Eowever, they note that "this condition of no
turbulence would be most unusual in a natural lzke situation. A
fz2irly rapid disappearance of volatile aromatics <from the
condensable phase can therefore be expected in the natural waters
systems" (ibid). This is because turbulence frcm the Dboats, as
well as natural processes, keep the water moving. In this study,
the difference in half life in laboratory conditions was 11 days
for quiescent water, as opposed to less than a day for aerated
water (Boating Industrial 2esociation, table p. 37).

The second implication concerns the impact of the proposed
requlations on marine engine exhaust emissions. Specifically, the
amounts -of these compounds entering the marine environment through
the exhaust process will be greatly reduced by the proposed
requlations, because emissions of such magnitude would fail to meet

the proposecd standards. As proposed, emissions will be measured
before they enter the water; therefore, the amount of emissions in
the air and water will be greatly reduced. Since the test

procedure will catch all emissions from the engine, those entering
the air as well a2s those entering the water, the regulations will
not create an incentive for manufacturers to solve the air exhaust
emission problem by making the water emission problem worse.
Finally, implementation of the proposed regulations is likely to
encourage the widespread vuse of 4-stroke technology, direct
injection technology, or other T"clean" technologies. These



impart a perceptible taste or odor would necessitate 2
high density of motorized watercraft. While the need for
millions of gallons of dilution water pec gallon of
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exhaust discharge may seem high, the water vcl
typically encountered in the cpen lake environment a
far greater (Wagner, P. 86) .

Trhis thresheld £or odor vields a first—-cut im ression cf t

b - fol—]
level of activity needed to produce 24 easily discernable leval of
fuel and oil pollution. The two caveats noted by Wagner (no
fiushing on the lake and no disgipation of discharged fuel) sugges:t
that an actual lake with the described characteristics could
guzport 2 concentration higher than 250 hourss without odor
problems, because thers would be flushing and dissipation.
Eowever, it should be noted that this refers to conditions on the
lzke =and not in a marina. Tn a mazina, boat activity is more
concentrated and oder effects ars likely to be more noticezble.
b) 0il Film Threshold

With regazd to oil £ilm, it takes approximately 25 gallons cI
fuel per sguare mile (640 aczes) to generate 2 barely perceptible
gu-face f£ilm, 100 gallons of fuel per sSguare mile for a colozec
eheen, 200 gallons of fuel per square mile for a very visible film,
2nd 1,332 callons of fuel per square ile for an oil slick
(Jackivicz and Kuzminski, ited in Wagner, p. 80). Pengselzer:
indicates that it tzkes approximately 38 mg cf oil per squaIe metes
to produce a barely visible £ilm, which is approximately the same
2s 25 callons cZ fuel per square mile (Eengselzez, p. 33).

According to Wagner, "[alt the 10 percent waste level and =
£fuel consumgtion rcate of 1.0 gallons per hour, 2 motorized
watercraft operating for 8 hours would release 0.8 gallons of fuel;
therefore over 31 such motoriczed watercraft would have to operate
continuously for the same B-hourl period in a 640-acze =azes2 to
produce a barely evident £ilm" (Wagner, p. 80). Ze notes that

{g)liven the volume of fuel necessarcy to procduce a visgible

oil film, visual detection o©f motorized watercraft

impacts outside of marinas js unlikely. Even within a

marina, runoff from adjacent parking lots may prove to be

a greater source of hydrocarbon films than watercraft

(Wagner, p.84).

This is illustrated by the oil measurements taken at Lake
George, described in the Rensselaer study. Lake George, located in
Upper State New York, measuzes approximately 44 square miles

(28,160 acres). On a typical holiday weekend in the early 1970s,
this lake hosted 12,000 to 14,000 Soats with an avezage houzly
loading of 800 to 1,000 boats (Rensselaer, p. 6), for 2 boating
activity level of approximately 3 to 5 boats per 100 acrces. This
activity level is well below that needed to exceed either the odoz
or oil £ilm thresholds and, in fact, this study reports a measgured
0il level of 5 mg oil per sguare meter, which is "well below that
found to cause 2 "barely vigible’ £ilm" (i.e., 38 mg per sguarcs2



