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FOREWORD

The first version of this report was prepared in 1966 by the

Committee on Hazardous Materi als , a committee in the Division of

Chemistry and Chemical Technology of the Nationa l Research Council ,

in response to a request from the Coast Guard for a systematic quide

to ratino the relative hazards of chemicals and other materia ls

shipoed in bulk over the waterways. This 1975 report reflects major

chanqes which we feel improve the system . We believe that the study ,

thouqh of restricted scope, may be of interest to other groups con-

cerned with assessing hazardous aspects of chemicals , and we also

• bel i eve that future studies of this nature will benefit from criticism

of the present effort. We are publishing the report for wider circu-

lation in its present form , calling the attention of the reader to the

limitations noted in the introductory section . The Committee wi ll

welcome any general suggestions or specific criticism that will im-

prove the usefulness of such a hazard-rating guide.

R. B. Beckmann , Chairman
Committee on Hazardous Materials
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PREFACE

• The U .S. Co~st Guard has requested tl.e assistance of the

Comm ittee on Hazardous Materials of the National Research Council in

deve lopir rn a system of classif yina the potential hazard associated with

the water transportation of industrial chemicals in bulk.

Numerous schemes for assessinq the hazards of materia ls have

been developed by various organizations , but none completely ful fills

the Coast Guard requi r~ements , since most of the existing schemes have

been developed for purposes other than assessment of hazard in bu lk

water transportation. It was also suggested by the Coast Guard tha t the

system of hazard classification should deal with the several kinds of

hazards presented in varying degrees by individual chemicals.

This is a report of results , to date , of the efforts of the

Committee on Hazardous Materials to develop and evolve a scheme of

hazard classification. The hazard classification system described in

this report employs four main classes of hazards: fire , health , water

pollution , and reactivity ; and further subdivides the health , water

oollution , and reactivity into subclasses . Under each class or subclass ,

a numerical ratina is aiven to indicate the relative deqree of potential

hazard . General guidelines were developed to describe five level s of

severity for each. It should be borne in mind that these ratings re-

late to hazardous situations that may arise in the marine transportation

of the materials under consideration , and are not necessaril y app licable

to other situations. ~~~
.
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INTRODUCTION

The purpose of this system is to provide the parametric

and procedural guidelines for making a comprehensive and con-

sistent profile that reflects the inherent hazards of chemical

and other cargoes transported in bulk by water. As used here ,

inherent refers to the hazards presented to life and property

from the cargo itself when accidentally released , without con-

sideration of the method or quality of its containment. Under

norma l ambient conditions the cargo may be a gas , a liquid , or

a solid , but this system places greater emphasis on hazards of

shipments in the liquid phase. Solids are considered only if

shipped molten or in solution . Classification requires identif-

cation of the hazards and the comparative rating of each

according to established guidel i nes. The intended use of the

resulting hazard profile is to hel o the Coast Guard toward a

more complete understandin q of the requirements necessary to in-

sure safe moving , handling , loading , and unloading procedures

which collectively constitute the bulk water transportation system.

The classification system from which the present one has

evolved was developed by the Committee during 1965-66 by a panel

headed by Mr. Robert F. Barker . It is described in National

Academy of Sciences publication No. 1465, EVAL UATION OF THE HAZARD

— 1—
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OF BULK WATER TRANSPORTATION OF INDUSTRIAL CHEMICAL S - A

Tentative Guide , published in 1966, and is based on a simple

numerical scale of 0, 1 , 2, 3, 4 indicatin g an increasing degree

of hazard in each of nine independentl y described types of

hazards. It was revised in 1971 under the Chairmanship of Dr. 14.

~4 . Crouch and in 1974 under the Chairmanship of Mr. William H.

~oy1e.

It is still beyond the state of our present knowl edge

to devise hard and unequivocal definitions that would permit

rating the wide variety of chemical cargoes in a comp l etely

objective and unambiguous manner. Many variables exist which

cannot be taken into account in such definitions. For examp le ,

certain materials have no flash point or fire point by accepted

techniques of determination and yet , under certain conditions of

elevated temperature and high energy ignition source , either will

ignite or decompose. To rate these materials as “nonflammable ,”

in the context of past use of that classification , would ignore

the hazard which we know exists .

Following oubl i cation of the 1966 and subsequent editions

of the system, comment was received from several sources , includ-

ing IMCO*, the Netherlands , and the United Kingdom , which

suggested the need for further extension and amp lification of the

guidelines so as to define the ratings more precisely. The

Committee has given careful consideration to all comments and has

*Intergovernmental Maritime Consultative Organization , a U.N. agency .

—2-
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evolved the present system which , we believe , is an improvement because

it makes the rating criteria more precise and less subjective. The

section on Health Hazards results from suggestions from the NRC Com-

mittee on Toxicology and ~r. Ralph C. Wands , Director of the NRC

Advisory Center on Toxicology . The section on Reactivity Hazards was

developed by Professor W i lliam A. Cunnin g ham in close cooperation with

Professor Roy W . Hann , Jr. , Dr. James P. Flynn of The Dow Chemical

Company , Mr . William H. Doyle of Factory Insurance Association (Retired),

and others .

In  developing the system , the Comm it tee has ~t been concerned

with the regulations resu ltinq from application of this information by

the Coast Guard or by others. The fixing of a hazard profile by use

of tne criteria is not intended to suggest that the Committee recom-

mends any specific regulation of the chemical or any unusual protective

r~easure The Committee is evaluating inherent hazards. As in all

hazard c lass i f ica t ions , the sy stem in which the material is encountered

is as important as the material itself , if one is to be objective in

the determination of relative risk. For this reason , ~~~~ nsib le j udg-

ment is essential in~~~piy profij~i. The secondary and incidenta l

effects of an accidental release , such as inca pacitation of individuals

at cri t i cal controls , wh ich in turn could affect adversely other opera-

tio ns , exemp lifies the need for consideration of the complete system ,

not the hazards of the material alone.

While it is our belief that this revised system represents an

improvement , absolutes are seldom obtained in an imprecise and changing

world , and any comments either regarding the general classification

-3—
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S J ~~te~ nr rp aarlina soec ific criteria will be welcomed by the

C~ T it t l ee.

The Committee cautions the reader that each number in the

classific ation svste ’ is intende d to reflect a rankin ci with res~ect

t~
) a ~~~~~~~~~~~~~~~~~~~~~~~ phase of the tota l hazard , and each nu~ber should

he carefull y consi1ere ’~ by itse1~ . Any attenpt to use irathe at i cal

oDerations to produce an index or composite in the forr~ o f one

nu’~her should be discouraged , since such oversimpli ficati on can

oroduce confusion and misunderstandin g .

The classification consists of consideration of nine para-

meters, which are reflected by nine columns. These are described in

the following section of guidelines. The nine columns are: V

Column I Fire Hazard Ratin o
Column t L  Hazard Ratin o for Contact of Liquid

with Skin and Eyes
Column III Haza rd Ratin c for Inhalation of Va pors

(Occas ional Short Tern)
Column IV Hazard Ratin q for Inhalation of Gases

(flccasional Short Term )
Colu mn V Hazard ~atin o for Repeated Inhalation of

gases and Vapors
Column VI ~!ater Pollution Hazard Rat ina - Human Toxicity
Column V II Wa ter Pollution Hazard Rating - Aquatic Toxicity
Column VIII Water React ion Hazard Ratin q
Column IX Self-React ion Hazard Rating

Reactivity with other chemical cargoes , considered in the earlier

editions of the evaluation system , is now treated in a separate

document (see paqe 29).

-4- 
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Previous editio n s of this system inclu ded a section on

jesthetic effects of water pol lu t ion , as distinguished from

~~~~~~~d r
V 

~~ Js effects. ~Jhi l e full y recognizing the importance of

des~ b Pti c values to water quality , the Committee was not able

w i t h  ~ rt ~~~~nt knowled ge to dev ise a rating syster to evaluate

j t ~n i cals ,dit h the ra r e objectivity used for the other hazards.

~~e~efore , pend ing further infor m ation , the Committee deferred

• con sider ation of the probler and has deleted the aesthetic evaluation

~~~ tn i s editi on .

-5—
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GUIDE LI lIES

COL ”N I - FIRE HAZARD RATING

Chemicals are c l ass i f i ed  as having a f ire hazard (a rating

m v e  zero)  if their propert ies are such that during bulk wa ter

tr3nsport ation they may ignite , spread fire , or produce an ignit-
*

able mi xtu re of vapor and air in the ullage of the con ta i ner. Heat V

released by burnin g liquids is always a personnel hazard; therefore ,

ratings are based princi oall y on flash points which are a guide to

probability of fire . Where appropriate , nota tions are included to

relate the evaluation to unusual or unsuspected hazards which may

ar i se  from un iq ue or i nade quate l y understood characteristics . For

example , (a) chemi cals containing halogens , nitro gen , and sulfu r

evolve noxiou s or corrosive gases during combustion or decomposition ;

(b) certain chemicals have exceptionall y high or low ignit ion tern-

pera tures; and (c) certain chemicals ignite spontaneously on contact

w ith air or water. The specific grades are described mo re fully below.

T a b l e  I - F I R E  HA ZA RD

Grade 0 Insignif ican t Hazard : Includes chemica ls that
are essent ia l l y nonconibustible.

Grade 1 Slightly Hazardous: Includes che mica ls having a
closed-cup f lash point above 140 °F (6 0 °C) .

Grade 2 Hazardous: Includes combustible chemica ls having
a c losed-cup flash point below 140°F (60°C) and
above 100 °F (37 .8°C) .

* Ul lage - that space of the wh ole cargo container not occupied by the
cargo itself.

-6-
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Ta b le I - FIRE HAZARD , continued

Grade 3 Highly l lazardous :Includes fl ammable liquids
hav ing a closed-cup flash point below 100°F
(37.8°C ) and a bo i l i ng po i nt unde r standard
conditions above 100°F (37.8°C).

Grade 4 Extremely Hazardous: Includes volatile liquids
or l iquefied gaseous materials having a fl ash
point below 100 °F (37 .8°C) and a boi l ing point
below 100°F (37 .8°C) .

Open -cup f lash points are used when closed-cup data are

not ava i lab le .  For this app l icat ion , an open-cup flash point of

115 °F (46 . 1°C) is em ployed in place of a closed-cup figu re of

100°F (37.8 °C ) ,  and an open-cup tempera ture of 160°F (71 .1 °C ) is

used in place of 140°F (60.0 °C) closed-cup. Unless the l imits of

accuracy of the flash point de term i na tions are known , the number  may

be questioned , since much uncertainty accompanies many “ l i terature ”

v a l u e s , and many values do not specify by what method they we re

dete r~ ined , or the purity of the substance tested .

The purity of the material in transport may differ signifi-
V cantl y from the ma terial on which the de te rmination was made , so

signi f icant  differences may be encountered .

Unless specif ied to the contra ry , flash points should be

deter~iined according to me thods prescribed i n  NFPA 32 1 , Basic

Classi f icat ion of Flammab le and Combustible Liquids , a v a i l a b l e  from

the Nationa l Fire Protection Associ at ion ,470 Atlantic Avenue , Boston ,

Mass . 022 10.

—7—
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Problems of electrical igni tion characte ristics, as

reflected by Ar ticle 500 of the National Electrical Code, and

considerations of intrinsic safe ty of electrical equipment in

explosive or combustible atmospheres , are beyond the scope of

this evaluation system .

HEALT H HAZAR D RATIN GS

This portion of the profiles applies to the occupational

health hazards to personnel immediately associated with the water-

borne transportation of mater ia ls in bulk on ship, doc k , or a t  a

marine terminal. Liquids and gases are considered separately

because of their different modes and areas of contact with the

body . Since f luids escaping from pressurized storage or pi oing

systems may take the form of a m i st or ae rosol , this distinction

is somewhat blurred . Gases are considered herein to be those

substances having a vapor pressure of at least 40 psi at 70°F

(21 °C) or 104 psia at 130°F (54°C ) .  Their maj or health hazard

resul ts from inhalation , althou gh gas s pi lled as refrigerated liquid

can cause freezing of tissue analogous to burns. The major hazard

with liquids is from direct contact. It may invol ve tox icity ,

corros ion , or burns i f the li qui d i s hot . Also , vapors from spilled

l iquids may be inhaled . In these profi les the l ikel ihood of injury

from such inhalation is related to the vapor pressure of the l iquid

at 122°F (50°C).

The profiles are intended for the guidance of the Coast guard

with respect to people invol ved in the water transportation system .

-8- 
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They are not based on hazards to the general public arising from

transportation accidents . Such considerations are more properly

the concern of agencies such as the Food and Drug Administration

and the Environmenta l Protection Agency .

Recognizing the advantages in unifo rmity of toxicity

test ing procedures , the methods of the Department of T ransportat ion ,

Off ice of Haza rdous Materials , have been adopted . These have been

derived from and correlated with similar regulations of the Food

and Drug Administration and the Pesticide Programs Office of the

Env ironmental Protection Agency .

Suc h uniform tox ic i ty data on a mater i al can be used in

combi na ti on w ith i nformat i on on i ts chem i cal and phy s i cal charac ter-

istics to rank its health hazard in the areas of interest. For

these profiles the areas are contact of liquid wi th skin or eyes ,

and inhalation on the basis of occasional short term as in a single

incident, as well as repetitive as in daily work exposure . The

rankings range from 0 , for materials which are not expected to produce

injury or temporary incapaci tation , but wh ich may cause trans ient

V and fully reversible effects , to 4 for those where there is

probability of death as a result of a transportation accident leading

eithe r to an inhalation exposure or to contact with the skin.

There are a few chem ical s that may be transported which might

present an unusual hazard during accidents . It is recommended that

-9-



the NRC Committee on Toxicology supplement its hazard ratings

• by calling to the Coast Guard ’s a tten ti on those mater i a l s  whi ch ,

in their judgment , have a reasonable possibility of produc ing

carcinogenic or mutagenic effects in humans from single short

exposure .

• COLUMN II - HAZARD RATING FOR SKIN AlID EYE CONTACT

L iquids have been evaluated with reference to the potential

for harm from splashes and other accidental con tact with the skin

and eyes . Skin and eyes are highly vulnerable to dama ge by many

chemicals -- a considerat i on frequently overl ooked in day-by-day

operations.

The rating scheme for such contact is given in Table II.

Table II - LIQUID CONTACT WITH SKIN AND EYES HAZARD

Grade 0 Insignificant Hazard : Liquids in this category
are a ll those not described below .

Grade 1 Slightly Hazardous: Liquids that are corrosive
to the eyes according to the defin ition in
16 CFR 1 500.3(c)(3) and the test procedure in
16 CFR 1 500.42

Grade 2 Moderately Hazardous : Liquids in this category are:

A . Liquids that are corrosive according to the
test procedure described in 46 CFR 146.23-1.

B . Ma terial s that are transported as liquids at
140°F (60°C) or above .

C. Liquefied gases that are capable of causing
freeze burns.

-10-



Table t! con t inued

Grade 3 Highly Hazardous : Liquids in this category
have an LD o~ of more than 20 milligrams per
kilogram o~ body wei ght when administ ered bycontinuous contact for 24 hours or less with
the bare skin of rabb i ts , accord i ng to the tes t
procedure described in 21 CFR Section 191.10 of
the Code of Federal Regula ti ons .

Grade 4 Extreme ly Hazardous: Liquids in this ca tegory
have an LD50* of 20 mil li gram s per kilogram or
less of body weight when administered by
cont inuous contac t for 24 hours or less with
the bare skin of rabbits , accord i n g to the
test p rocedure described i n 21 CFR Sect i on 191 .1 0
of the Code of Federa l Regulations .

COLUMN III -- HAZARD RATING FOR INHALATION OF VAPORS (Short Term)

Substances have been evaluated with reference to the potential

of injury from single short-te rm exposures by inhalation of vapors .

Al though the vapor pressure measurements data regarding volatile ma terials

are often availa ble in the literature , care must be exercised in relat-

ing vapor pressure to the characteri zation of hazard s from specific

spill situations . Other parameters are invol ved in the evaporation and

generation of a vapor cloud and may be more si gnif i cant i n s pecif i c

• situations than vapor pressure .

The rating scheme for such inhalati on exposure is given in

Table III.

* LD That dose likely to kill one—half of a group of animals within
14d~9s .LC50 That concentrati on which , over a given peri od of time , is likely to
kill one-half the test animal species.

— 11—



Table III - INHALATION OF VAPORS (Occasional Short-Tenii~

Grade 0 Insignificant Hazard : Liquids in this category
are all those not described below .

Grade 1 Slightly Hazardous: Liquids in this ca tegory
cause dizziness and unsteadiness in 30 minutes
or less upon exposure to an a tmosphere satu ra ted
with vapor at 122°F (50 °C ) .  See footnote .*

Grade 2 Moderately Hazardous: Liquids in this category
have an LC50 ** in air of more than 200 parts
per million (ppm ) but not more than 2000 ppm
by volume of vapor; or more than 2 milli grams
per l i ter , bu t n ot more than 20 m i l l i g rams per
l iter of mist when administered by continuous
inha lation for one hour or less to both male
and female albino rats (young adults), provided
the Coast Guard finds that such concentration
is likely to be encountered by man under any
reasonably foreseeable conditions of transpor-
tation . See footnote .*

L iq ui ds i n t hi s cate gory may p roduce suff i c ient
irritation of the eyes or respiratory tract to
cause temporary i nca pac i ta ti on . This i ncludes
lachrymators and those corrosive liquids as de-
f ined above in Table I that have a vapor pressure
at 122°F (50°C) of 10 mm Hg or mo re . See footnote *

Grade 3 Highly Haza rdous: Liquids in this category have
an LC 50** in air of more than 50 ppm but not more
than 200 ppm by volume of va por , or more than
0.50 milligrams per lite r, but no t more than 2
mill igrams per liter of mist when administered
by continuous inha lation for one hour or less
to both male and female albino rats (young adults),
provided the Coast Guard finds that such concen-
tration is likely to be encountered by man under
any reasonably foreseeable conditions of trans-
portation . See footnote . *

* During transportation emergencies involving liquids (ruptu res,
spills, etc.) the degree of personnel hazard is increased by rapid
evaporat on . If the ratio of the evaporation rate for the test
ma terial to that of n-buty l acetate at 122°F (50°C) under the same
test conditions is 0.8 or less , the test material should be given
the next higher rating with a notation to this effect. An appro-
pri ate test procedu re has been described .

NOTE : Footnotes * and ** are continued at bottom of next page .

-12-



Table  Ill continued

Grade 4 Extremel y Hazardous: Liquids in this category
have an LC~n** in air of 50 parts per mill ion by
volume or l’~ss of vapor , or 0.5 millig rams per
liter or less of mist when administe red by con-
tinuous inhalation for one hour or less to both
male and female albino rats (young adults), pro-
v ided the Coast Guard finds that such concentration
is likely to be encountered by man under any
reasonabl y foreseeable conditions of transportation.

COLUMN IV - HAZARD RATING FOR INHALATION OF GASES (Short Term)

Substances have been rated with regard to potential for

i n j u r y  from occasional short-term inhalation of gases.

The rating scheme for such inhalation is given in Tab le IV :

Table _ IV

Grade 0 Grade 0 is not applicable since no gas has an
insignificant hazard .

Grade 1 Sli ghtly Hazardous: Gases in this category are
all those not described below since the release
of a gas into a confined space may d i s p lace
sufficient oxygen to crea te a si gnif icant hazard
to life .

Grade 2 Moderately Hazardous: Gases in this category have
an LC 5~~~ in  air of more than 200 parts per mill ion
but no~ more than 2000 parts per million by volume
of gas when administered by continuous inhalation
for one hour or less to both male and female albino
rats (young adults).

*Cont inu~~ from page 12
1) Wilson , L. D., “Evaporation Rates of Solvents and an Improved Method

for their Determination ,” Paint , Oi l  and Chemical  Rev iew , Vol . 118 ,
No. 24, p. 6, Dec. 1 (1955).

2) Wilson , L. D., “Evaporation Rates of Solvents - An Extension of Earlier
Studies ,” Paint Industry Magazine , Vol . 76 , No. 4 , p. 15 , Apri l (1961).

**See footnote Table II, page 11.

—1 3—
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Grade 2 of Table IV continued

Gases in this category may produce suff ic ient
i rr i ta t i on of t he eyes or res pi ra tor y t rac t
to cause temporary incapaci tat ion.  This in-
cludes lachr ~nato rs .

Gra de 3 Highly Hazardous: Gases in this category
have an LCç ** of more than 50 ppm but not
more than 280 ppm as described in Grade 3
of Table III.

Grade 4 Extremely Hazardous : Gases in this category
have an LC5O** of 50 ppm or less as described
in Grade 4, Ta b le I I I .

COLUMN V - HAZARD RATING FOR REPEATE D INHALATION OF GASES AND VAPORS

S i nce the re pea ted ex posure of i nhalat i on of gases an d

va pors may produce effects different from occasional short- term

inhalation , substances have been evaluated for repeated inhalation

exposures.

The Intent of these tables of Hazard Rating is to provide

a relative ranking of Occupati on health hazards for transportation

workers . The circumstances of these repeated exposures to materials

in transport are sufficientl y similar to the concepts utilized in

settin g standards for other industrial workers to warran t utilizing

the OSHA (Occupational Safety and Heal th Act , P .L. 91-596, 29CFR

Section 19l0.93)standards for deve l oping the relative rankings .

The rati ng scheme for repeated inhalation is given in Table V :

** See footn ote Table II, page 11
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Table V - HAZARD RATING FOR REPEATED
- 

~~~~~~~~~~~~~~ AN~D V ~PO RS

Grade 0 Insign ificant Hazard : Materials in this
ca tegory are all those not described below
and having sta ndards establishe d by the U.S.
Department of Labor , Occupat ional Safe ty and
Heal th Administration (OSHA), as in 29 CFR
Subpart G, Section 1910.93 , of 1 000 ppm or
more .

Grade 1 Slightly Hazardous: Materials in this category
have standards establ ished by OSHA of 100 ppm
or more but less than 1 000 ppm .

Grade 2 Moderate l y Hazardous: Materials in this category
have stan dard s established by OSHA of 10 ppm or
more but less than 100 ppm .

Grade 3 Highl y Hazardous: Materials in this category
have standards established by OSHA of 1 ppm
or mo re bu t  less than 1 0 ppm .

Grade 4 Ex t reme ly Ha zar d ous : Ma ter i als i n thi s categor y
have Occupational Safety and Heal th Standard s
established by OSHA of less than 1 ppm .

* These OSHA standards are applicable to a normal working situation , i.e.,
8 hours per day , 5 days per week.

-15-
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WATER POLLUTION HAZARD RATING

The water pollution character is t ics  of chemicals are

rated in Columns V I  ana V II  of Table XI. These ratings are

intended to reflect the degree of concern that arises when a

specified chemical is for any reason sp ill eo or dumped into

wa terways. A w ide var iety of problems may arise from such occur-

rences : water for municipa l systems may b€. made unfit for human

consumption; fish and other aquatic life may be killed ; waters

in streams or on beaches may be contaminated by oily, sticky ,

dark—colored , or malo dorous materi als which make them unfit for

recreational purposes; or noxious odors or vapors may evolve from

polluted water to contaminate the atmosphere in areas nearby .

The water pollution characteristics of chemicals are rated

in two ways : (1) human toxicity , and (2) aquatic toxic ity . In

the case of both the human toxicity and aquatic tox ic i ty  ratings ,

it is imperative tha t the user recognize that these are total dose

and concentration toxic i ty values . The use of these numbers in

developing desian reqi: ,ements or governmenta l regulations must be

predicated on the quantity of material which could potentially be

discharged to the aquatic environment and on the physical , chem i cal ,

and biologic properties of the aquatic system . For example , a small

discharge of a material tox i c in relatively low concentra t i on

-16-
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into a small (or static) aquatic system could resu lt in catastro phic

consequences to the part icular system .

A detailed discussion of the interrelationshi p of discharge

s i ze , system properties and toxicity values is presented following

the description of the aquatic toxicity rating system .

COL UMN VI - HUMAN TOXICITY

It is recognized that ingestion of water contaminated by

polluting substances may produce both acute and long—term reactions .

In dealing with this problem , the Committee chose to consider it as

one of acu te toxicity in t h a t  consumption of contaminated water

resulting from transportation of chemicals is likely to be rare and

to extend over a short time period. The degrees of hazard are listed

in terms of the med ian lethal dose (L050) of the substance. Wh i le i t

is desirable to base the LD50 figures on knowledge of the weights of

substances likel y to be ingested in water , the precise data from V

wh ich these can be calculated are not available. The Com itt ee

therefore rated this hazard in term s of the oral L050 values , as

determined in suitable mama lian species , on the assumption that the

hazard increases wi th toxicity .

The Cormiittee recognizes that this assumpt ion may be modified

in the individual case by factors such as degradation of the contami-

nating substances by water or aquatic life and the extent , if any , of

-17-
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their removal by wa ter treatment processes or evaporation . It

was ilso recogn i zed that LD50 val ues may be different when deter-

~ ne-J on pure chemicals and on the dilute solutions such as occur

in ~ol1ute d water. Despite these facts, and because the factors

dis~~ssed would reduce rather than increase the hazard from narti-

c~ lar ~heH cals , the Cornin i ttee felt that rating in terms of the

r~~ITali an ora l L050 fi gures was valid as an indication of the

pctential toxic hazard from ingestion of contaminated wa ter.

Ratings are reduced below those developed by the above

procedure , for compounds that have low wate r so lubi lity (and accord-

ingly cannot reach a high concentration in water ), for compounds of

high volatility (that vapor ize in a short time from the surface),

and for compounds that have a p ronounced taste or odor which wi ll

serve as a warning to prevent human consumption .

The hazard has been rated in five groups rang ing from

‘ Insignificant Hazard” (LD50 5000 mg/kg**) to ‘Extremel y Hazar dous ”

(L0 50 5 mg/kg body weight) as shown below .

Table VI - WATER POLLUTION HAZARD RATING
HUMAN TOXICITY

Grade Descript ion LD~cj

0 Insignificant Hazard Above 5000 mg 1

Slightly Hazardous 500-5000 mg/kg

2 Moderately Hazardous 50-500 mg/kg

3 Highl y Hazardous 5-50 mg/kg

4 Extremely Hazardous Below 5 mg/kg

** See Footnote Table II, page 11
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The Comittee emphasized that desc ription of a ~ub~tance as

nor - or slightly hazar dous does not ind i ca te that wate r po lluted with

tnis suostance is safe for drinking. A completel y di~ feren t set of

~~.i co 1ogi c al criter ia is needed to define the standa rd~ 
f
~~r pot~b 1e

V ,d~~~~~~r
V 

~O r  “un i cip a l supplies.

Detailed info rru tion on data sources and decisic — rationale

is -dinta ine d in the offices of the Com m ittee in W as hington , 0. C.

C 0LJM~ V I I  - AQUATIC TOXICITY

Chemicals are rated in Col umn VI I on the basis of their

toxicity to aquatic life . Fish were selected as one of the most

sensitive groups for which toxicolog ical data are available with

infcn~ation on shrimp and other aquatic organisms being used to fill

in the gaps. The 96 hour TLm * was used to provide the basis for

• ~ro king five rankings of the toxic potential . It was considered that

if the substance would not be lethal according to this test at greater

thar 1000 ppm (mg/i) then it posed no toxic hazard to aquatic life .

In te rtid al areas su bjec t to the s pi l la ge shoul d be gi ven care ful

considerati on because toxic effects can be enhanced with exposure —

i.e. insoluble oils.

Cons istent with the rating of other pollution haza rds, these

rating s should be reduced in some cases for chem ic als ha v i ng su ch low

*TL - The concentration of a substance which , within the specified
t,m~ (generally 96 hours), will kill 50% of the exposed group of
test organisms , often specified in parts per million (mg/i). The TLmtest may be conducted under static or continuous flow conditions.
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wate r solubi l i ty  and high vo la t i l i t y , t h a t  they w i ll not normall y

con taminate waters . However , those chemicals with low solub ility

and/or low density that can inte rfere with gas interchange across

the air-w ater interface , or with a marked tendency to emulsi fy can

be a si gni~~cant pollutant. Detailed data and information on their

sources and decision rationale are maintained in the offices of the

Con~nittee in Wa shing ton , D.C.

For many of the chemicals no published aquatic toxicity data

are available. In these cases, the ratings in Table XI were esti-

ma ted from physical properties and by analogy wi th data from chemically

similar compounds. When information was available for more than one

aquatic organism , the figure for the most susceptible species was

generally used.

The system rankings are outlined below .

Ta ble VII - HAZARD RATING - AQUATIC TOXICITY

Gra de Descri pt ion TLm Concen tra ti on

0 Insignif icant Hazard o~1OOO mg/ l

1 Practically nontoxic 1 00-1000 mg/l

2 S l i gh tl y toxic 10-100 mg/l

3 Moderately toxic 1— 10 mg/ l

4 Highly toxic <1 mg/ i

Most of the 96 hr TL m test data ava i lab le  were derived from

tests with adult or juvenile aquatic organisms usually f rom upper levels

of the food chain. The Committee recogniz~ however , that other stages,
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e.g. larvae or eggs , or organ isms l ower but cr itically important

~n the food web , might be much more susceptible than the organisms

or stage of organism tested .

Al though the Committee recogn i zed that at the present time

acute toxicity TL~ data are more complete and therefore present the

V best method of ranking substances accord ing to hazard , it was awa re

that chronic or sub-lethal effects may ultimately be more important

ecological consi derations . Fish can de tect concentrations as low as

1O~~ to lO
_8 

mg/ I of a range of substances . Behavior and chemo-re-

ception (as involved in food finding , mating , migration) might be

V 
adversely affected by concentrations considerably l ower than indicated

by the 96 hr TLm test. Physical properties of materials are often

of great si gnificance and should be considered .

SPECIAL NOTATIONS IN COLUMN VII

Severa l spec al nota ti ons are used to call atten ti on to

oarticul ar chemical properties of significance with regard to living

aqu atic resources. These are described below .

A . Bioac cuniula tion

B ioaccumu latjon occurs if an aquatic organ i sm takes up a

chemical to which it is exposed so that it conta ins a higher concen-

tration of that substance than is present in the ambient water or

its food . The process is reversible. Where the rate of metabolism

or elimin ation of the substance is high and the degree or peri od of

exp osure small , bioaccumulatjon may be short-lived . Where the rates

of metabolism and elimination are low or the degree or period of
exposure great , bio accumul atjon may be of long duration . The Conrittee

also recognized that me tabo lites may be formed from ingested substances

—2 1—



which may be more poisonous or ecologically damaging and /or have a

lon ger bi olo gi cal ha l f l if e than the or igi nal po l l u t i ng mate r i a l ,

e.g., DOT —.- DOE.

The hazard presented by a substance is increased if it is

accumulated in aquatic organisms since these may eventually be

poisoned . (In addition , cer tain substances concentrate in the

par ts of fi sh and shellf i sh whi ch , if eaten by man , result i n

accumulation in human tissues . Th is accumulation may be a hazard

to human health.)

The follow ing are examples of potentially harmful substances

whose release into water must be avoided because they degrade slowl y,

if at a l l , and therefore tend to accumulate in the aquatic eco-

system :

Aldr i n
BHC isomers
Cadm ium compounds
Chlordane
DOT
Die ldrin
Endrin
HCB (Hexachlorobenzene)
HeDtachlor (Epoxides )
Lead compounds
Mercury compounds
Polyhalogenated biphenyls

B. Biochem i cal Oxygen Demand

Many mater ials which are nontoxic or below toxic level in

the c l a s s i c a l  sense may destroy aquatic l ife if the degredation of

the material removes the dissolved oxygen from the aquatic system.

For examp le , in a relatively static system such as a lake or a gulf
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coas t estuary , a material with a 1/1 oxygen demand (i.e., 1 lb.

of oxygen demand for 1 lb. of material) would deplete the total

oxygen resource under sumer conditions at concentrations as low

as 5-10 mg/i. This potential harm to the aquatic community has not

Ueen rated at this time because the volume , flow , initial dissol ved

oxygen concentration , and reaerat ion ra tes vary with diffe rent aquatic

systems and because oxidation rates (i.e., decay rates) for materials

var y an d are not rea di ly available. Where the potential of high

oxygen demand exists for relatively non toxic materials, the notatio n

“BOO ’ is used to warn that a potential hazard of oxygen depletion

may exist.

C . Insolu ble Ma ter i als

Insol uble materials whose discharge may blanket the livin g

resources on the bottom of aquatic systems or prevent gas exchange

at the surface may be significant. A notation of “0” , when use d ,

indicates that this may be a potential prob l em .

Evalua ti on of Poten ti al Di scharges

The il lustrat ive computations in Appendix 1 were develope d

to demonstrate the relat ionship between a quantity of a discha rged

mat erial , the properties of aquatic systems which may be receivin g

the ma teri al and the result i ng concen trat i on of the ma ter i al . It

must be pointed out that the predicti on of wa ter quality profiles in

aquatic systems is complex and is still being developed.

-23- 
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The importance of currents , turbulent mixin g and diffusion

to dilution and dispersion of materials introduced into the aquatic

env ir onmen t is full y recognized and reasonably well understood .

Mod ifying factors such as stra ti fi cation , caused by fresh—water run-

off, solar heating, and heat of solution or dilution are qualita-

ti vely  un ders tood , but have been evaluated in only a few instances.

• Perhaps of seconda ry im portance , but often significant are

the effects of the physical and chemical characteristics. Waters

heavil y loaded with suspended materials from either natural or man-

made sources will interact with introduced substances in a different

way from clear waters. For example , collo idal suspensions of clay

in fresh water will adsorb certain chemicals including nutrients

wh ich will be precipitated as the clay is flocculated on mixing of

fresh water with sea water . These mater ials may be fixed in the

sediments or could leach into the overlying water to affect bottom

fishes and other organisms .

There could be chemical interaction of dissolved organic

and inorganic materials in the receiving waters with introduced sub-

stances . A neutral ization or antagonism of one substance toward an-

other sometimes occurs to alter the ultimate effect on aquatic organ-

isins . Examples are some heavy metals which are less harmful in sea

water and hard fresh water than in soft fresh water . On the other

hand , there may be synergism where materials interact to produce a

-24-
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harmfu l effect on organisms , that is far more than add iti ve .

In some i ns tances , such as w i th endosu lfan , the toxicity is

higher in saline water than in fresh water.

Thi s shor t d ocumen t canno r descr ibe fu l l y the la rge

number of inhe rent combinations of the character of the discharged

~‘ateri a1 and the receiving system ’s physical and chemical properties.

However, some generalized assumptions can be made which wil l pe rm it

those concerned with regulation of shipp i ng or other poten ti al

discharge to have some feeling for the relationship between system

and discharge charact eristics and the numerical values used to

evalua te the aquatic toxicity hazard of various materials. As

a result those concerned with regulation will have some rough

idea of the magnitude of concentrations and the problem with which

they might have to cope in diffe rent types of aquatic systems.

In each of the examples in Appendix 1 assumptions which

were made have been carefully specified alon g with those systems

and material characteristics or properties which need to be con-

sidered in a more detailed analysis. The hypothetical systems

were chosen on the basis of an eva luation of real aquatic systems

of which the Committee had intimate know ledge . These are major

nav i gable systems currentl y in use by comercial shipping in the

Un it ed States .

Substantial information as to the specific size of discharges

of ma terial in different ranges of toxicity may be derived from the
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examples provided in Append ix 1 . Extreme caution is recommended ,

however , to ensure that the results are not extrapolated to systems

Substantiall y dif ferent from th ose descr i bed or used i n suc h a

way as to ignore background environmental stresses or concurrent

effects from other material s discharged into the system . They~~p

NOT indicate sdfe dischar ~je ~eve1s but are intended onlL as a~

indic a~~on fwha t mij~ be h~ rmfu 1 In the ra t h e r s l~~y~pt h et i c a l

areas described .

By extrapolating Table A in Appendix 1 , it may be determined

that from 3 to 30 tons of a ma terial with a 3 rating in Column V II of

the Ra ti ng Table (TLm = 1 - 10 mg/l), (depending on toxicity within

the range), woul d cause death of a coas ta l area commun i ty with a 1/4

mile square area 60 ft. deep. From 50 to 500 tons would cause damage

to the aquatic community over a 1-mile square area.

From the estuary data shown in Table B it may be determined

that a quantity of from 0.75 tons to 7.5 tons of a material with a

3 rating in Column VII of the Rating Table would cause death to

aquati c organism s within the tidal pri sm .* It must be noted that

this is the effect of a single discharge occurring once within the

flus hing period unde r the assumption that no other waste loads or

env ir onmen tal stresses are p resent . Sim i lar effects wou l d be expected

from continuing daily discharges of 40 to 400 pounds of non-degrading

ma terials with a 3 rating in Column VII of Table XI.

* Definition -- the volume enclosed within a tidal ranqe in a
given estuary upstream of a given point.
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Similar analyses coup led with rational judgment can

y ield much additional usefu l info rmation , such as that shown

o el ow.

Tox ic discharge levels which would be expected to k i ll most
aquatic life in specified systems

Material Toxicity
Aquatic Ranges
Hazard (TL ) Rivers * Shallow *
Level 

— 
(j~OO cf~I 

Estuary* Coasta l Wate rs

1 100-1000 6.6 -66 tons 62 .5-625 tons 5000-50000 tons
2 10-100 1320- 13200 lbs 6 .25 -62.5 tons 500-5000 tons
3 1-10 132-1320 lbs 0.62 -6.25 tons 50-500 tons
4(a) 0.1—1.0 13-132 lbs 125-1250 lbs 5-50 tons
4(b) 0.01-0.1 1.3-13 lbs 12.5-125 lbs 0.5-5 tons
4(c) <.0.01 <1.3 lbs <12.5 lbs <0.5 tons

These numbers are presented with some hesitance because of the danger

of their being misused or misinte rpreted . However , they p rovide a

useful way of displ aying the ranges of dangerous discharg 2s and

emphasizing the particular effect of very hazardous materials (i.e.,

those with TLm values less than 1 ).

* See examples 1 , 2, and 3 in Appendix 1 for assumed system and
ma terial characteristics and metric equivalents .
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REACTIVITY HAZARD RATINGS

Thi s section deals speci f ical ly  wi th those hazards which may

result either from co ntact of the cargo with water or from se l f—

r e a c t i o n , e.g.,  polymerization or decomposition. Hazards arising

from reaction with other cargoes have been covered by U. S. Coast

Guard Publication UVC 5—70 and subsequent revisions , copies of which

are ava i la b le from Comman dan t, U. S. Coast Guard , Department of Trans-

portation , Washin gton , D. C. 20590.

Basically, for Coast Guard purposes , a reaction hazard develops

when there is a release of energy (heat) and/or of a gas or vapor.

The former presents obvious problems ; the latter may result in an

excessive increase of pressure within the cargo space or occasio nally

in the rel ease of a toxic or obnoxious cloud . Development of bases

for quantitative ratings for reaction hazards of the wide variety of

materials involved in water transportation is complex.

Numerous criteria have been proposed for assessing the hazards

of systems involvin g chemical reactions. Among these are such

ohenomena as (1) Enthalpy of Reaction , (2) Activation Energy , (3)

R e a c t i o n  K i n e t i c s , (4) Thermodynamic Reaction Potential , etc. Some

or all of these have been combined into specialized computer programs ,

b ut none appears to be pre-eminently suitable for present purposes .

Recornendation herein of the empirically based rating system for

reactivity hazard ratings does not preclude modifications as develop-

ing conditions warrant.
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It must be recognized that while the data gathering procedures

are empirical , they do supply adequate information upon which to

establ ish a rating system suitable for Coast Guard purposes . Caution

is urged in extrapolation of the data beyond its current intent; it

sVust not be considered as a basis for all-purpose classif icat ion of

the hazards of reactions of chemica ls with water or ~,it h themselves .

COLUMN V I I I  — WATER REACTIVITY

In Column V III the severa l chemicals are c lassi f ied on the

basis of their tendency to undergo a hazardous reaction when mixed

with water. In  event the gaseous reaction product (if any ) is hazard-

ous per se that fact i s noted , but the rating herein is on the reaction

alone. It is considered that hazards may arise from (1) a release of

sufficient energy to raise cargo temperature , (2) any rel ease of a

gas, or (3) a combination of the two. Release of gas of any kind is

potentially hazardous when large cargoes are involved , so the degree

of hazard is reall y a function of temperature rise only.

In determining the effects of reaction with water , the test

method to be used is that deve loped for evaluating binary chemical

reactions and described in NAS—NRC publication , Compati bility Guide

for Adjace nt Loading of Bulk L iqu id Cargoes A Report to the Department

of Transportation , U. S. Coast Guard , Prepared Under Contract No. DOT-

CG—41680—A by the Chemical Reactivity Panel of the Committee on Hazard—

ous Materials, National Academy of Sciences , Washington , DC (Feb. 1975).
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Table V I I I  - WATER REACTION HAZARD RATING

grade 0 In s i ini ’~ cant :~azar r j : No react ion wi th
water be~ow 5 0 V C.

Grade 1 Sli~ htl y Hazardous: Reaction with water
below 5O T C resul t ing in te perature rise
of less than 2 5 C  with no gas evolution.

Grade 2 Hazardous Reaction: Reaction with water
below 50°C resulting in to’ perature rise
of -ore than 25°C but less than 5O~C withno aas ev o lu ti on .

Grade 3 Highl y Hazardous: Reaction with water
below 50°C resultin g in temperature rise
oi~ less than 50°C with gas evolut i on or V

temperature rise qreater than 5O~C withno oas evolut i on .

Grade 4 Extremel y Hazardous: Reac tion with water
below 50°C resultin ci in temperature rise
of 50°C or higher with cas evolution.

COLUMN IX - SELF-REACTION HAZARD RATiNG

In Column IX the chemicals are rated on the bas is of their

tendency to under go a hazardous self-reaction , us uall y oolymerization.

Ra tings of organic chemicals only are si gnificant since the inorganic

chem icals oresentl y sh i pped in bulk do not undergo sel f-reaction , or

polymerization , and hence are rateci 0. Here , again , energy release and

gas evolution can be used as ratin g criteria , but at the present time

quantitative data on activation energy , react i on ki netics , etc ., are such

that semi—empirical test procedures are recommended for use. The test

met hod to be used has been developed by the American Society for Testing

and Materials Committee E-27 , “Therma l Instab ility of Confined Condensed
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Phase Systems ’ (Method E 476_73)*. Th i s me thod measures the ma gni-

~jJe and rate of heat and pressure generation by the chemical system

~nier test . Gas generation per se is hazardous , so the variations

in nd.~ard ratings are primarily on the basis of temperature rises

occasioned by exothermic reaction. ~he~e criteria are sufficient to

V.
~eet Coast Guard needs but , again , caution is urged in atte~”p tin ~j to

extend the ratings to other uses.

Table IX - SELF -REACT IDN HAZARD RATING

Grade 0 Insignificant Hazard : Exhibits no exotherm
under confinement at temperatures under 1 50°C

Grade 1 Slightl y Hazardous: Exhibits an exothermic
reaction between 1 00°C and 1 50°C but no
evolution or aener ation of ‘as.

Grade 2 Hazardous : Exhibits an exothermic reaction
between 50C and 100°C with no gas generation ,
or an exother nic reaction between 100°C and
150°C with gas generat ion .

Grade 3 H ig hl y Hazardous: Exhibits an exothermic
reaction at temperature s below 50°C with no
gas generation , or an exothermic reaction
at temperatures between 5O~C and 100°C wi th
gas generation .

Grade 4 Ext remel y Hazardous : Exhibits an exothermic
react i on a t 5~j’C or less with gas generation.

*Ava ilab le from American Society for Testing and Materials , 1916 Race
Street , Phi la d e l p h i a , PA 19103
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A PPENDIX

E XAMPLES flF EVALUAT I ON OF POTENTIAL
DI SCHAR (ES INTO SELECTED Afl tJATIC SYSTEMS*

‘,~‘4PLE I - DISC1~AR 1~E IN TO COASTAL !ATERS

~urDOSe: To eva luate the range of concentrations which result

~ihen a material is dischar ged in vary ing quantities into a typical

coas tal wa ter .

Assumed material characteristics: The material discharged is

assumed to be a water soluble substance which is discharged over a

relativel y short period of time (i.e., one hour) and which mix es

ie rtical l y wi thin the water column . The ma terial is ass~r--ed not to

settle out , volatilize , stratif y or dearade within the period c~~ 
tise

necessary to disperse over a one-square -mile sur face area .

Assumed system characteristics: The system chosen is a V

V oa st a l water with a depth of 60 feet such as would be found appr oxi-

-atel j 40 miles offshore from two major chemical shipping ports.

*The U .S. unTts used in this study have the fo l lowing equivalents:

1 ton (U .S. )  = 2000 lbs. = 0. 893 l o n g  t ons  — 0.907 metri c tons
1 qallon (U.S .) = 0.833 Imperial gallons = 3.785 liters
1 statute mi le = 1.6093 kilometers
1 sq . mile = 2.59 sq . ki l ometers
1 foot = 0.3048 meters
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Method of analysis and results: The following Tab le A

presen ts average concentration which would be found if a given

discharge of the material were dispersed over areas 0.25 miles

square (1/16 sq. mile); 0.5 mil es square (1/4 sq. mile) , and 1.0

mile sq. (1.0 sq. mile s).

Table A

Con cen trat i on of Ma teri als i n Coastal Wa ters

Miount of Weight of
Material Material Resul ting _ Concen tr ti o n i n p~~Discharged Discharged 1/4 mi l e sq. 1/2 mile sq. 1 mile sq.

1 pound 1 lb 0.00015 0.00004

10 pounds 10 lb 0.0015 0.0004

55 gal. drum 458 lb 0.068 0.016 0.004

110 gal. drum 916 lb 0.136 0.032 0.008

1 ton 2000 lb 0.3 0.075 0.019

10 tons 2 x lO~ lb 3.0 0.75 0.19

100 tons 2 x lO~ lb 30 7.5 1.9

1000 ton s 2 x 106 lb 300 75 19

10000 tons 2 x ~~ lb 3000 750 190

100000 tons 2 x 108 lb 30000 7500 1 900

Weight of 1/2 mile sq. x 60 ft . deep
= (5280 f t/4) 2 x 60 ft x 64.2 lb/ f t 3 = 6700 ~ io

6 lbs
Weight of 1/2 mile sq. x 60 ft . deep = 26800 x 100 lbs
We ight of 1 mile sq. x 60 ft. deep = 107200 x 106 lbs

We ight of Material in lbs
Concentration (ppm ) = We i ght of water in mil lion lbs
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EXAMPLE II - DISCHARGE INTO AN ESTUARY

Purpose: To evalua te the range of concentrations to be

‘~~- t ~ i under short- and long-te nii conditions of a material dis-

Lh Jr J Cd in va rying quant i t ies  into an estuary .

A ssL~Ied m aterial characteristics : The material discharged

is assu~1ed to be a wate r soluble substance which is discharged within

a single tida l cycle and which mixes un ifo r’mly throughout the estuary

cros s section . The ma terial is assumed to not settle out , volat ilize ,

stratify , or degrade wi thin the tidal cycle period .

Assume d system characteristics: The estuary chosen as the

example system is an estuary with an avera ge widt h of 500 ft., a

depth of 40 feet, and length of 15 miles. The estuary is assumed

to have an average tidal range of one foot and a flushing time of

40 days . The example analysis point is assumed to lie at the

appropriate centers of shipping 7.5 miles from the upper end of

the estuary .

Method of anal ys is and evaluatio n of results : Two analyses

were made and are displayed in Table 8. The fi rst i s the avera ge

concen trati on whic h would be expected i n the ti dal excurs i on of

wa ter passin g a discharge point within the tidal cycle. It could

either be assumed that the material  dif fused into this volume or

that the discharge occurred during the entire upstream or downstream

movemen t of the water.
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T he second anal ysis solves for the average concent ration

under the assumption that the material from the sing le discharge

remains in the system until it mixes throughout the estuary volume .

Several additional rough assumptions may be made usin g

the above val ues and the character i sti cs of th i s as relate d systems .

If a uniform discharge were to occur each day of a non—

deoradable substance as a result of cleaning or loading operations

f rom a single di scharge , the cumulat i ve avera ge concentrat i on would

~e 40 times (i.e., flush inq time ) the g iven values for the average

concen tration throughout the estuary.

If the material discharged dail y were to decay at a rate of

0.1 (lO ~) per day , the resultant concentration would average

(table concentration in~ppm) approximately 10 times the
decay rate (i .e., 0.1) table concen tration

If the decay were as a result of aerobic biolog i cal degra-

dation , the oxygen demand in this type of system would be approximately

equal to the total ultimate oxygen demand of each day ’s discharge.

A tidal range of four feet would increase the tidal prism

a ‘actor of 4 and decrease the concentrations for the short time

o”certr ation by a factor of 4 (or more if increased dispersion

~~r irred )
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In an estuary additional factors not considered in this

example may become very important.

The concentration of materials wh i ch are lighter than

‘iia ter . or which are discharged into the upper layers of stratified

systems , may have concentrations higher than those shown . Similarl y,

heavy materials, or those discharged into the bottom of stratified

systems , would  tend to h ave lowe r i n i t i al sur face  concen t ra t i ons

but may be carried upstream by the saline water wedge for later

rel ease into surface l ayers .
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Table B

Concentration of Material in Assumed Estuaries

Amount of We ight of Resulting Concentrat ion in ppm
Material Material
Discharged Discharged In Tidal Excursion In Total Estuary

1 pc-und 1 lb 0.0008 0.00001

10 pounds 10 lbs 0.0080 0.0001

55 gal. drum 458 lbs 0.38 0.0046

110 ga l. drum 916 lbs 0.76 0.0092

1 ton 2000 lbs 1 .6 0.02

10 tons 2 x 104 lbs 16 0.2

100 tons 2 x ~~ lbs 160 2.0

1000 tons 2 x io 6 l bs 1600 20

10000 tons 2 x l0~ l bs 16000 200

100000 tons 2 x 108 l bs 1 60000 2000

Tidal Volume above the Point of Analysis
Leng th of Tidal Excu rsion Cross Section Area

= 500 ft. x 1 ft. x 7.5 miles x 5280 f t/ mile = 990 ft
500 f t . x 40 ft.

We ight of Tidal Excursion Water Volume

= 990 ft. x 500 ft. x 40 ft. x 63.0 lb/ft .3 = 1247 x 1o6 lb.

Weight of Estuary Water Volume

= 15 mile s x 5280 ft/mile x 500 ft. x 40 ft. x 63.0 lb/ft3

= 99800 ~ i~6 lb.
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E XAMPLE III - DISCHARGE INTO A FRESHWATER RIVER

Purpose : To evaluate the ran ge of concen trat i ons to be

found of a ma terial discharged in varying quantities into a fresh-

wa ter stream which is used for transportation of hazardous materia ls.

Assume d material characteristics: The material discharged

is assumed to be a water soluble substance which is discharged over

a finite period of time (i.e., six hou rs) and which mixes uniformly

throu ghout the ri ver cross sect i on . The material is assumed not

to settle out , volatilize , stratify or materially degrade within the

d ischarge period (i.e., six hours).

Assumed charac teristics: A river with streamfl ows of 1 000

and 5000 cubic feet per second (cfs). The l ower fl ow is a typical

suniner flow found in severa l inland streams used for navigation

and the transportation of haza rdous materials. The l a r ger flow i s

a typical fl ow found in large r navigable rivers used for deep draft

ocean commerce .

The material release time of six hours stated above is

chosen to provide for a reasonable time of release of large r cargoes

and to provide for reasonable longitudinal mixing.

If the three hour mixing zone were used , the concentra tions

would be twice the shown values . Similarly, if discharge were over

a 12-hour period , the values would be one-half of those given .
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Table C

Concen tration of Materials in the Assumed River

Amount of Wei ght of Resulting Concentration in ppm
Ma ter i al Ma ter i al
Discharged Discharged 1 000 cfs River 5000 cfs Rive r

1 pound 1 lb 0.0075 0.0015

10 pounds 10 lb 0.075 0.015

55 gal. drum 458 lb 3 .4 0.68

110 gal. drum 916 lb 6.8 1.36

1 ton 2000 lb 15.0 3.0

10 tons 2 x l 0~ lb 150 30

100 tons 2 x 1 06 lb 1 500 300

1000 tons 2 X 106 lb 1 5000 3000

10000 tons 2 x i0 7 lb 1 50000 30000

100000 tons 2 x 108 l b NA 300000

Wei ght of M i x i ng Volume :

at 1 000 cfs : 100f t 3 x 624th x 6 hr x 3600 sec

= 135 x 106 l b  :1
3

5000 cfs: SOOO~~ x 62.4 lb x 6 hr x 3600 ~~sec hr

675 x 106 lb
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