MINUTES OF THE MEETING
BUSINESS & INDUSTRY COMMITTEE
MONTANA STATE SENATE (j

March 15, 1979

The meeting of the Business and Industry Committee was called
to order by Chairman Frank Hazelbaker on the above date in
Room 404 of the State Capitol Building at 10:00 a.m.

ROLL CALL: All members were present with the exception of
Senator Dover who was excused.

HOUSE BILL 414: Representative Michael Keedy, sponsor of HB 414,
explained the bill to the Committee. This bill generally prohibits
the sale of household cleaning prcducts with a phosphorous compound
content in excess of .5%. Representative Keedy stated the bill

is critical to the supply of water. Rep. Keedy told the Committee
that he is from Kalispell and is interested in preserving and
protecting Flathead Lake. He stated that phosphorous is found in
large amcunts in hcusehold detergents. This bill is patterned
after legislation in other states, and it is concerned with water
quality.

FROPONENTS QOF HOUSE PBILL 414: Mr. Chris Kronberg of Missoula,
Montana, representing Dr. Ronald Erickscon, Chemistry Professor , i;
at the University of Montana, and himself, stated they are in

csupport of HB 414. Mr. Kronberg's testimony 1is attached to the
minutes.

Mr. Richard Hauer of Bigfork, Montana, representing himself and
Dr. Jack Stanford, stated they support the bill. Mr. Hauer's

testimony is written on the testifying form and is attached to the
minutes.

Mrs. Charlotte Easter of Missoula, Montana, representing herself,
spoke in support of HB 414. Mrs. Easter's printed testimony is
attached to the minutes.

Mr. Chris Hunter of Kalispell, Montana, representing Flathead
Drainage 208 Project, spoke in support of HB 414. Mr. Hunter stated
that no subdivisions have been allowed in the Kettle Lake area
because of phosphorous entering septic systems. Mr. Hunter further
stated that by banning phosphates you could eliminate 50% of the
phcsphorous problem.

Mrs. Eugenie McGregor from Helena, representing herself, stated
that she is in favor of better water in Helena, and she supports
House Bill 414.

Mr., Charles Bell from New Castle, Indicna, representing the iontana
Council of Trout Unlimited, spoke in sunport of HB 414. Mr. Bell's {:
statement is written on the testifying form and is attached to the
minutes.
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Ms. Marilyn Greely of Helena, representing herself, stated she
is in support of HB 414.

Ms. Willa Hall of Helena, representing the Leaque of Women Voters,
stated they are in support of HB 414. Her printed testimony is
attached to the minutes.

CPPONENTS OF HOUSE BILL 414: Mr. Jerome Anderson, attorney from
Billings, representing the Soap and Detergent Asscciation, stated

they are in opposition to HB 414. r. Anderson distributed two
attachments—--one on Review of Technical Data on the Lakes in Montana,
and another on Montana Water Quality. These attachments are labeled

and included in the minutes.

Representative Earl Lory spoke as an opponent of HB 414. He stated
that phosphorous ccmes from everywhere and there are point socurces
of phosphorous. Sewage discharges from sewage treatment plants
(Example: Flathead Lake) are point sources. Nonpoint sources of
phospherous are springs and ordinary land. He told the Committee
that if you were to put a ban on phosphorous detergents, it would
only decrease the phosphorous by 35 percent. He further stated
that he is fearful we lull ourselves to sleep by thinking that we
have solved a problem that has not been solved. He doesn't think
our problem 1s as serious as many people would lead us to believe.
He told the Committee that you cannot use non phosphates in dish-
washers, dairy equipment, and medical eguipment. He also stated
that phosphate is by far the best detergent and closed by saying
that this bill is ineffective and premature.

Dr. Marjorie Keiser from Bozeman, Montana, representing herself,
spoke in opposition to HB 414. Dr. Keiser's printed testimony is
attached to the minutes.

Mr. Ned Williams from Columbus, Ohio, representing Burgess & Niple,
Ltd., stated that they oppose HB 414. Mr. Williams' printed
testimony 1s attached to the minutes.

Mr. Abe Horpestad of Helena, representing the Water Quality Bureau,
Department of Health, stated they are working on surveys to determine
water guality.

Mrs. Sally Weiss of Helena, representing Columbia Chemical Co., Inc.,
stated they are in opposition to HB 414. Mrs. Weiss stated that

this bill bans phosphates only in laundry detergents. Their firm
provide laundry detergents to every hospital in the state and this
factor should be considered because usually rashes are caused by

some type of detergent--some need detergents with a high amount of
phosphates.

Due to time limitation the following opponents of HB 414 were unable
to testify:
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Mr. J. K. Addy from Billings, Montana, representing the Soap and
Detergent Association.

M

Mr. FEric Welss of Helena, Montana, representing himself.

Mr. R. V. Tilman from Butte, Montana, representing Stauffer
Chemical Company. Mr. Tilman's printed testimony is attached
to the minutes.

Mr. T. E. Brenner from Rumson, New Jersey, representing the Soap
and Detergent Association.

Ms. Joy Schrage from Berrien Center, Michigan, representing

Whirlpool Corporation. Ms. Schrage's printed testimony is attach=d
to the minutes.

Dr. Hayden Ferguson from Bozeman, Montana, representing himself.

r. John C. Wright from Bozeman, Montana, representing himself.

Dr. Lloyd Berg from Bozeman, Montana, representing himself.

D

(

Mr. Joe Rosgsman from Butte, Montana, representing idontana, Idaho,
Utah Joint Council of Teamsters.

Mr. Peter Jackson from Helena, representing WETA.

Mrs. Rosemarie Strope of Helcna, representing the Montana Chamber
of Commerce. |

Mr. James Jaska from St. Paul, Minnesota, representing Economics
Laboratory, Inc.

Mr. Ross Cannon of Helena, representing the Montana Food Distributors
Assocciation.

There was a question and answer period from the Committee.

Senator Lowe asked Rep. Lory what happens to the phosphorous in the
rivers. Representative Lory stated that it precipitates.

Senator Hager asked if Yellowstone Park had banned phosphate.
Mrs. Weiss told the Committee that it had not.

Senator Blaylock asked Representative Lory if he felt 35% was a
low level cf phosphorous. Representative Lory stated that it was
insignificant.

Senator Kolstad asked if they had figures on the tons of fertilizer
dumped on s0il every year. Dr. Hayden Ferguson from MSU, Bozewman,
Montana, stated the figure would be about 60,000 tons.
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Senator Lowe asked Mr. Ned Williams from Ohio about septic tanks.
Mr. Williams stated that Montana is far in front of Ohio. He
further stated that sewage should be properly treated before going
into the lakes.

Senator Goodover asked about current studies on the lakes in Montana.
Mr. Horpestad of Helena stated that none were currently being
conducted.

Representative Keedy made closing remarks to the Committee. He
stated this bill was not drafted and introduced to make headlines.
They are acting out of legitimate concern. He stated the bill is
cost efficient and economically feasible. He told the Committee
that this bill provides the Committee and the Senate an opportunity
to take appropriate and direct action to a problem before it gets
out of hand. Representative Keedy urged passage of House Bill 414.

Chairman Hazelbaker closed the hearing on House Rill 414.

ICUSE BILL 454: Representative Barbara Spilker, sponsor of HB 454,
explained the bill to the Committee. This bill is by request of
the Board of Cosmetologists and revises the definition of "elec-
trology".

PROPONENTS OF HOUSE BILL 454: Ms. Kathryn Tucker of Helena, lMontana,
representing the Board of Cosmetologists, stated that this bill is
necessary in order to change the title since new devices have been
developed.

There was a question and answer period from the Committes=.
Senator Regan asked if they currently had the power to use the
electrified tweezer. Mrs. Tucker stated they did not currently
have this power.

Chairman Hazelbaker closed the hearing on House Bill 454.

DISPOSITION OF HOUSE BILL 454:

Senator Goodover moved that House Bill 454 Be Concurred In.

Senator Regan stated that she would like to loock at the laws referred
to in the bill. Senator Regan made a substitute motion that we table
taking executive action on HB 454 until Friday, March 16. The
Committee agreed to this. No further action was taken on HB 454.

HOUSE BILL 731: Representative Dan Harrington, sponsor of HB 731,
explained the bill to the Committee. This bill reqguires a mortician
to obtain continuing education before he may renew his license. The
Board of Morticians is to prescribe the reguired number of hours,
accredit programs, and develop alternative methods of compliance.
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PROPONENTS OF HOUSE BILL 731: Mr. Thomas Twichel of Helena, J
Montana, representing the Montana Funeral Directors Association,
stated they are in support of HB 731. They feel it would be a
benefit to the public in general by upgrading the education of
the members.

Mr. Roland Pratt of Helena, representing the Montana Funeral
Directors Association, stated the Association is in agreement
with Mr. Twichel and they support HB 731.

OPPONENTS OF HOUSE BILL 731: Mr. William Lloyd Linden of Helena,
representing Herrmann & Co. Funeral Home, stated they oppose the
bill. They feel they should be able to police their own Association.

QUESTIONS FROM THE COMMITTEE: Senator Regan asked if they would
object to striking subsection 3. Mr. Pratt stated that he would
have no problem with it.

Senator Goodover asked if all morticians were mexmbers of the
Association. Mr. Pratt stated they were not, but 55 out of €0
members belonged to the Association.

Senator Lowe asked if this bill meant that they would have to take
the education in order to keep their license. Mr. Pratt stated
that this was true.

o _ _ __

Senator Blaylock asked Mr. Pratt 1f they had had any complaints
about the way funerals had been conducted. Mr. Pratt stated that
most complaints were in the cost, but not in the wav the funerals
were conducted.

The hearing was concluded on House Bill 731.
No executive action was taken on bills heard todavy.

ADJOURN: There being no further business, the meeting was adjourned
at 12:10 p.m.

;

L.

Senator Frank Hazelbaker, Chairman
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€ FOR HOUSE RILL 414

Testimony of Chris Kronberg, Graduate Student, University of Montana. Testifying
as a Representative for Dr. Ronald Erichkson, Chemistry Professor, University of

Montana,

In most, not just some, cases, Phosphous has been recognized as the solely
responsible major cause of over fertilization of lakes and rivers. In Montana,
we are priveleéged in that we have a generally high quaiity of water and I'm sure
we all share a concern for protecting this valuable vesource. A Phosphorous Detergent
Ban would help protect this resource in a cost effective manner.

The presence, or lack, of information which preciscly defines the extent of
over fertilization in Montana's lakes is immaterial. It is true that water quality
problems are beginning to be found in places such as Hebgen Lake, Georgetown Lake,
Seely Lake, Mary Ronan, Nelson Reserveoir and Koocanusa Reservoir as a result of over
fertilization but what is really important is that the Is an even greater potential
for harm to our Phosphorus-limited waters duc to the futurc growth which is bound to
come to our state.

A Phosphorous detergent ban is a proven method of reducing Phosphorus inputs
from sewage effluent. Recent studies in New York and Indiana demonstrate up to a 60%
decrease in Phosphorus in STP effluent.

Point sources of Phosphorus are the easiest type to control.

The statements and conclusions of the S.D.A. testimony concerning the impact of
Phosphorus on water quality and the effectiveness of a Phosphorus Detergent Ban
contradicts many of the reports published in the mujor journals having to do with the
water quality field.

The major reason for this bill to be passed is that it would have a positive
effect on the quality of our water by reducing the amount of nutrients present in the
agquatic systems and thus prevent premature aging in Montana Lakes and streams. The
result of this ban would quite possibly save millions of dollars of taxpayers money
which would be needed to establish scewage treatment plants to handel phosphorous over-

loads.
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Mr. Chairman and Committec Members:

My name is Charlotte Easter. With all due respect to my good friend,
Earl Lory, I am a proponent of HB 414, and I am testifying as a homemaker.

I have heard it said frequently on TV that this product or that product
gets white clothes whiter and bright colors brighter, and 1 often wonder why
the women in those ads don't have anything else to talk about. I wouldn't
have the slightest idea which products they were advertising.

Years ago, when I started washing diapers, I switched from detergent to
soap tlakes in order to avoid diaper rash. I have been using soap flakes ever
since. My whites are white and my colors bright.

Somebody asked about hard water. When I lived in Missoula, the city
water was fairly soft, but I have been on a well for the last eleven years,
and the water is hard. I use no water softener. My whites are still white,
and my colors bright.

My washing machine has not suffered from the lack of phosphate detergent.
It is still going strong after twenty years. It is a front loader, and the
only thing that has had to be replaced is the rubber sleeve around the door.

Somebody said non-phosphate detergents were so expensive, much more so
than phosphate detergents, so I went to the store and checked prices and a-
mounts of de ‘tergent suggested for a wash load. T found out that the non-
phosphute detergents were less expensive and used smaller amounts. Why
shouldgbgsgh%gege more expensive? The phosphate is an additional ingredient
that has be paid for.

For instance, d5tch Buy, non-phésphate, is §1.19 for 49 ozs. Tide, phos-
phate, is $1.79 for 49 ozs. Cold Power is $1.79 for 49 ozs. Scotch Buy, non-
phosphate, uses 3/4 to 1 cup for a top loader; Tide, phosphate, uses 1% cup
for a top loader; Cold Power uses 1% cup for a top loader.

ERA, a non- phosphate liquid, is $1.34 for 32 ozs. Wisk, a phosphate
liquid, is $1.59 for 32 ozs. ERA, the non-phosphate, uses only % cup in a
top loader. Wisk, the phosphate liquid, uses '; cup in a top loader.

In closing, I would like to emphasize there are numercus non-phosphate
detergents in the stores, and, also, there is gocd old laundry soap like I
use. I can?zg%clude that phosphate detergents are not really needed, and
that since they diminish the good quality of our water, even if by the least

ancunt, they are a detriment to the state.



PRICE

POWDLR DETUERGENTS:

R

COMPARISONS BETWEEN PHOSPHATE AND NONPHOSPIATE

DETERGENTS

phosphate price/oz

TIDE: 3.6¢ X 10 oz
COLD
POWLR: 3.6¢ X 10 oz

nenphosphate
SCOTCH BUY: 2.4¢ X 6-8cz
[,IGUID DETERGENTS:

' phosphate
WISKN: 4.9¢ X 4 oz
nonphosphate

ERA 4.1¢ X 2 oz
WHITE
MAGIC: 4.0¢ X 2 oz

price/washload

14.6¢-19.2¢

19.6¢

8.2¢

3.0 ¢
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NONPHOSPHATE DETERGENTS NOW AVAILABLE IN MONTANA

DYNAMO Colgate-Palmolive

PREFT Proctor and Gamble
IVORY SNOW Proctor and Gamble
‘ERA Proctor and Gamble

WESTERN SHORES

LIGUID Western Family
SUN White King Z:-
WHITE KING SOAP White King
PUREX LIGUID Purex
FELLS -NAPTHA - Purex
ARM AND HAMMER At and Hammer

AMWAY SOAP

{SA-8) Amway Products
PaR Safeway Products
SCOTCH BUY Sufeway Products



VN TER DATE 4 =15 - 99

ADDRESS : 27 AN A wlg) /aLe Dot P

£ .
I T > 7

FHONE: 2.5 7-— <50.(,9

F L I I bt p,

FEPRESENTING WHOM? 552 Fla+t

ARPPEARING ON WHICH PROPOSAL: IR iy Dol Do B

lDf) YOU: SUPPORT? V=,  RMEND? GPPOSE?

I CCMMENTS : ,f\:vcj b R Aawars =S LU AT (-f, sA s Ay

l AT :’;—“LBT e 3 Lasc (; e PR J | < £0 «"7(‘

O Y TR \ U POO0L 5 N N ST OV R SR i
A% Ab\xx e \\/‘V\,‘V\L /'Y'U%:& i L & \'L ‘ Ve . L % R iﬁ.\’{i-.‘.‘\ \f” L .

ekl \t\,-x..: Y. £ Al la’nlg‘

PLEASE LEAVE ANY PREPARED STATEMENTS WITH THE COMMITTEE SHUCRETARY.




Cwame: [Thaelss MWL

ADDRESS: R K&

PHONE

PBex 2320 JUEw C}-}Su%z{a 2D [N

)77~ €346~ 439 Y

REPRESENTING WHOM?

/V\{ cyo~Aa0d A (7(_*,-¢UU( i‘} IS "(‘ /f;’Q L.f?}‘ L(r ,_}_/ym t }?‘ >

APPEARING ON WHICH PROPOSRL: H R 4/¢%

DO YOU:

suPPCRT? V7 RMEND? OPPOSE?

y o 'iﬁ) . i ! N P - [ - - - ?
COMMENTS: (] asofpds 7an hAS opecin 25 b2 A4 Succes /ol
y ; ‘
~ o TANES / )
(Ao ALY ('\/ '/} PAITINE ! a "‘/"(J Chrfce Fo K ieusoisis C*Q‘ff‘/{?” SO &
7 - et —
(N

. e H g H
[,-\LAK A /ﬂz/f frap o ncente a0 A, Covw ix1Flsie S

NI . o VN - /
DISCARRGES [ O ECE Se 1 s TR S S e 2 //
. < K

/

J " e
l/' << ¢ \)Z Fl\. ?

ol
&f et i e ugahdy A
s/ L4

1 )L"L‘{) £14 ns 'JJ

et g - - s -
SLERT IR De Py /-fx'/u(j
H

I

/
c

Q(’t?‘f\ eI ol S
V

PLLASE

LEAVE ANY PREPARED STATEMENTS WITH THE COMMITTEE SECRETARY.



TR,

b‘1 . ‘-‘"—, .\\ \‘\ \',‘ N \ . - 4 v . : oy
R LNy v T R R DATE:

ADDRESS: h /“' L T e e Vo ‘

l . R - . -
PHONE: ™ Llon o 2y 4y

N

IFEPRESENTING WHOM? (0 st

'APPEARING ON WHICH PROPOSAL: %1 =~ bij--

-
-

l DO YOU: SUPPORT? 7 RMEND? CPPOSE?

1,OASE LEAVE ANY PREPARED STATEMENTS WITH THE COMMITTEE



7 !

/
3

J -/i' - e . P ’ .
HAME : /z % gy DATE: 5 —
7 T =

/\7 ; . /
. I ’ 7/ .
ZDDRESS: /507 (cpaFe < S
.o - .'/’
ST =T 7
PHONE: A/Y L " )49
4 .y DI

REPRESENTING WHOM? oL AL-7 7y P N o Sl A

s {
ra

L/

(:}
APPEARING ON WHICH PROPOSAL: i) bH o FC

CO YGOU: SUPPORT? 7/\ RMEND? OFPGO5R?

PRSEANE I SIS,

COMMENTS @

“PLEASE LEAVE ANY PREPA



HEB

!
i

£

i1

March 15, 1979

The League of Women Voters of Montana supports HB Lll. Here is a simple
way to improve water gquality without costing the taxpaysrs anything; in
fact, 1t might prevent additional treatment and thus save the taxpaysrs
monsy. There are glready two lakes (Flathead and Tiber) suffering from

a2 high pheogzphorua coniento Iet's prevent other waters from increased
pollution by this element, as they surely will be =25 population increases,.
Tris legislation will not adversly effect the consumer or industry.
Non-phosphate . detergente are alrsady availa

similar legislation.

I hope you won't spend precicus tims dsbating ebout the houszewife who
will have to copg with the possibility of not fipding her favorits
detergent on the markst. I've changed detergentas ssveral times ovar

the pezt 20 years, for several resaszons, including the desirs to uss a
solution less harmful to the enviromment. I'm sure most homemakars will

easily adapt.

¥Ye urge your support for this important water guality bill.

Willa Hall, Matural Resource Chairman
Teague of Women Voters of lMontana
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Montana Water Quality /“‘”
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Introduction: We are all concerned about the water quality of streams, rivers,

. / 7 .,
Cat i

e

S
7

lakes and reservoirs in the State of Montana. We also all agree that it is entirely

appropriate for the legislature to implement laws which will effectively lead
to an improvement in water quality where problems exist, and will effectively
prevent the deterioration of water quality in the future. The purpose of this

document is to demonstrate why a detergent phosphate ban in the State of Montana,

as proposed in HB 414, can have no perceptible effect on the water quality of
Montana lakes. The information is based primarily on documented scientific

facts obtained in studies of Montana lakes by the United States Environmental Pro-

tection Agency, Purdue University on Indiana lskes, Cornell University on New
York lakes, National Biocentric, Inc., on Minnesota lakes, information from
Montana's 208 Water Quality Projects, and monitoring information from the Inter—
national Joint Commission and municipalities in the Province of Ontario on the
Great Lakes.

Phosphate, a form of the element phosphorus, is a non-toxic chemical, a vital
nutrient necessary for all forms of plant, animal and human life. The only
environmental or safety concern associated with phosphorus is the occurrence of
eutrophication in certain water bodies under conditions outlined below. Eutro—
phication, is in essence an over-nutrition of a water body leading to an accel-
eration of the normal "aging" process. In a eutrophic state, the algae, micro-
scopic green plant organisms, overmultiply leading to nuisance growths of green
masses in surface water. As these masses are broken, mats of the organisms can
sink and decompose by bacterial action, utilizing oxygen in the process.

Normally, aquatic plants and fish exist in a proper balance. A lake in this
condition would be considered oligotrophic. The fish supply a portion of the
carbon dioxide necessary for plant growth, while the plants serve as an essen-—
tial food source for the fish.

Several conditions must be met for eutrohication to occur (mote Chart 1): proper
sunlight is necessary, conducive temperature, the water must have a low flow rate,
and essential nutrients for the algae must be present in excess. 1f any of these

conditions are not met, eutrophication will not occur. If all conditions neces-
sary for eutrophication to occur are found in a lake, then the nutrient present
in the least amount will control the rate of algal growth. This element is
referred to as the limiting nutrient. For many freshwater lakes, phosphorus is
the limiting nutrient, but this is not always the case.

In summary, it is important to remember that all four conditions listed above must

be met for eutrophication to occur. Therefore, eutrophication will not occur in
flowing streams or rivers, turbid waters, or deep waters regardless of the level
of the limiting nutrient. Further, when other conditions are proper, as soon as
the level of the limiting nutrient reaches the critical level, eutrophication
occurs, To achieve significant improvement of eutrophic conditions in affected
lakes where phosphorus is the limiting nutrient, the phosphorus level must be
reduced below this critical level. Removal of only a small portion of the phos-
phorus source will have no significant effect on the eutrophic conditions.

Phosphorus enters lakes in two ways (Chart 2), from point sources,
plants and direct industrial discharge, or non-point sources, i,c.

i.00 soware
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and atmospheric sources. Some pecple have expressed the view that drainage from
septic tanks can be a source of phosphorus to a lake, and for ease of discussion
it is included as a point source, However, there is little support that it is a

significant source of phosphorus loading.l

Phosphorus from detergents enters lakes through sewage effluent point sources,
comprising an estimated 35% of the total phosphorus load in municipal sewage
(Chart 3). The remainder of the phosphorus present in municipal sewage is from
human waste, kitchen garbage and the like. Estimates are still given by some
that detergents contribute 507 of the phosphorus to sewage. This is based on
outdated information which considers the level of phosphates in detergents in
the early 1970's. Since that time, phosphates have been reduced by 50% in
detergents, so that they are now composed on the average of 6% phosphorus by
weight.

lLet's now consider how eutrophication can be prevented in lakes if phosphorus is
the limiting nutrient. We must focus our attention on the amount and source

of phosphorus entering a lake. For a control measure to be effective, it must
remove a source of phosphorus which can significantly reduce the total amount

of phosphorus entering a lake. Removal of just a little bit will have no per-
ceptible benfit.

Sixteen lakes in Montana have been studied.2 The attached map (Montana map) shows
that they represent a sampling which covers almost every area of the State. The
next chart shows the information determined in these studies. The first two
columns show the current pounds of phosphorus entering each lake yearly, and the
amcunt which would enter the lakes if phosphate were banned from all detergents,
The final column shows the percent reduction in phosphorus loading which would
occur with a detergent phosphate ban. I
As you can see, the contribution of detergent phosphates is extremely small.
The removal of this source of phosphorus by a detergent phosphate ban would
have no perceptible effect on the lakes' eutrophic status.

Thus, while we are all desirous of having the best water quality possible in our
lakes, we must assure ouselves that any measures taken are sound, cost-effective
and help achieve our noted goal. This will not be achieved by banning phosphates
from detergents. The information collected in these studies uniformly show that
such an action will have no effect on the water quality of our lakes.

Before concluding, let's consider what is known about areas where phosphates in
detergents have been reduced or banned.

In 1970, the Canadian Government limited the phosphorus content of laundry deter-
gents to 8.7% by weight and then to 2.2% by weight in 1973. Target phosphorus
concentrations of 1 mg/l in the effluent, or the material discharged from the
sewage treatment plants were established. Information from phosphorus monitoring
studies done in 94 sewage treatment plants in Ontario are shown in the next chart.3

Phosphorus reductions in detergents from an initial average of 11% in 1969 to
2.27%, or an approximate 807 decrease resulted in only a 307 decrease in the raw
sewage concentration of phosphorus from 1969 to 1976. To achieve what is most
important, that is reduction of phosphorus in effluent, that phosphorus entering
lakes, has primarily been accomplished by the development of effective phosphorus
removal in treatment plants, not a detergent phosphate reduction. In 1978, the
Province of Ontario has achieved its goal of 1 mg/l concentration of phosnharns
in the effluent through its comnlotion of an o Vrecr Do s e U o -

Dy
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This demonstrates where point source discharges represent a significant contri-
bution of phosphorus to lakes, a fact not shown in any of the Montana lake
studies, effective sewage plant treatment is s much more effectlve than detergent
phosphate reductions in achieving desired water quality goals. Chemically
treating sewage can reduce the amount of phosphorus present in sewage by 90%

or more, regardless of its municipal source.%4,5 This is a significantly greater
reduction than the 357 reduction that might result from a detergent phosphate ban.

In addition, this process can be implemented at existing treatment plants,
including lagoons.

Finally, studies have been performed on lakes in three states which have insti-
tuted detergent phosphate bans: New Yorkb, Indiana’/ and Minnesota®. Water quality
paranmeters have been compared before and after the bans were put into effect.

The Indiana lake studies, performed by researchers at Purdue University, indicate
that the ban of detergent phosphate has not resulted in any improvement in the
trophic status of the fifteen lakes studied, even four years after the ban

became effective, In fact, no improvement in water quality was seen. Similar
results were found in both New York and Minnesota. The thirteen Minnesota lakes
studied for two years before and after the ban, not only showed no improvement

in water quality, but showed signs of a continued gradual progression towards
eutrophication., This is very strong evidence that detergent phosphate bans have
not been successful in substantially slowing, much less reversing, the process of
eutrophication in states which have instituted such regulation.

In conclusion, a ban on detergent phosphate in the State of Montana can have no
significant beneficial effect on the water quality of our lakes. This state-
ment is supported by the experience of states which have instituted bans, and
more specifically, by facts which have been developed in studies of Montana lakes.



References

Jones, R.A. and Lee, G.F. Occasional Paper No. 13 Center

for Environmental Studies, University of Texas at Dallas,
July 1, 1977.

U.S. Environmental Protection Agency, National Eutrophi-
cation Surveys, Working Papers Numbers 790-804, 894.

Appleby, D.J. The Impact of Phosphorus Control Activities:
The Experience in Ontario. ERCO Industries Limited, October

1977.

Sedlak, R.I. The Impact of a Phosphate Detergent Ban on:
I, Wastewater Treatment and II, Water Quality. The Soap

and Detergent Association, January 24, 1978.

Department of Natural Resources, State of Michigan,
"Consideration of Municipal Wastewater Treatment for
Phosphorus Removal in the Evaluation of a Detergent Phos-
phorus Ban'", August, 1976.

Plunkert, K.C.,Kimerle, R.A., and Wilson, J.D. "Analysis
of the Indiana and New York Lake Survey Results', The
Monsanto Company, November 23, 1977.

Bell, J.M. and Spacie, A. "Trophic Status of Fifteen
Indiana Lakes in 1977", Purdue University, March, 1978.

"Limnological Investigation of Selected Minnesota Lakes:
An Overview', National Biocentric, Inc., February 14, 1979.



L,
1

Chart 1

CONDITIONS NECESSARY FOR EUTROPHICATION TO OCCUR

ADEQUATE LIGHT

CONDUCIVE TEMPERATURE

LOW FLOW RATE

SUFFICIENT AMOUNTS OF :

CARBON

NITROGEN

PHOSPHORUS

TRON

COPPER

OTHER TRACE METALS

VITAMINS

INORGANIC SALTS

OTHER MINOR ELEMENTS



Chart 2

Sources of Phosphorus

Point Sources Non-Point Sources
Sewage Treatment Plants Land Run-off
Industrial Discharges Atmospheric contributions

Septic Tanks(?)
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Chart 3

Sources of Phosphorus in Domestic Sewage

Pounds of Phosphorus

Source /capita/vyear A
Laundry Detergents 1.2 35
Human Waste 1.4 41
Miscellanecus® .8 24

Total 3.4 ;;;;

* Includes kitchen food waste, industrial and institional
cleaners, etc.

References:

1.

20

1978 National Market Research

AWWA Journal, Sources of Nitrogen and Phosphorus in Water
Supplies Task Group, Report 2610P. March 1967, Vol. 59.

Appleby, D.J. The Impact of Phosphorus Control Activities:
The Experience in Ontario, ERCO Industries Limited, October 1977.

Data supplied by Mike Stifler, Michigan Department of Natural
Resources, personal communication.

Bates, Dale I., "Study of Benefits Relative to Phosphorus
Removal Costs Resulting from Limitation of Phosphorus in
Cleaning and Water Conditioning Agents," Western District
Office, EPA, June 9, 1978.
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o L . Tmnoyd Thosnsnhute Ban
(Ibs/yx)
Canyon Ferry Reservolr 726,000 723,600
Ceorgatown Lake . 1,760 1,660
Hebgen Lake 53,300 53,250
iavy RPonan Lake 2,500 2,490
Swan Lake 37,400 37,350
2o o e B
Lske i~Donald 215060 26640
12,900 12,860
- o o
16,800 16,790
Sceley Lake 7,450 7,420
Tiber Reszrvolr 70,800 67,400
Tongue River 294,000 294,000
Foooanuda Taser 583,600 57,200
feliowin ol leaeTvo 2,544,000 2,341,000
M, Lies 352,400 he

T 1-
Lae

Clark

Canvon Reservolr

6,000

44,000

%
(%]

fomet
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Chart 5

Weighted Average Phosphorus Concentrations

For 94 Treatment Plants In Ontario

1969 1971 1973 1976
Raw Sewage 10.2 8.8 7.2 6.9
(mg/1)
Effluent 5.7 4,6 3.5 1.5
(mg/1) 1 ’

Detergent Phosphorus Detergent Phosphorus
Reduction to 8.77 Reduction to 2.27%

Taken from the D. J. Appleby report, "The Impact of Phosphorus
Control Activities, The Experience in Ontario'', October, 1977.



Peview of Technical Data

on the Lakes in Hontana ' l

For a clear understanding of why a ban on phosphate in laundry detergents would not
perceptibly improve the water quallty of the lakes in Montana, it will be useful

to review the lakes individually, and to examine each one's distinct pattern of
phosphorus loading. '

The Canyon Ferry Reservoir is one of the threc largest water impoundments in
Montana (the other two being Flathead Lake and Fort Peck Lake). It ic located in
the western counties of Lewis and Clark and Broadwater, close to the capital city,
Helena. Canyon Ferry Reservoir is a eutrophic lake, and is nlLrogen*11w1ted
According to a U.S. EPA Raticnal Eutrophication Survey (NES) , more than 997 of

the phosphorus loading into this lake is from non~point sources., The scwage A
trectment facility at Townsend contributes ounly (0.4% of the phospheovus lood- /
ing into this lake. It is the only point source within a2 40 km distance of the /

lake. 1In addition to this point source, it has been estimated that septic tanks
in the area contribute less than 0.17% of the_total phosphorus loading. The
present phosphorus loading of 2.27 g/mz/yearl is twice that proposed by Vollen—-
weiders as a eutrophic loading. Since more than 997 of this loading is from non- I
point sources, removal of the phosphorus contribution due to detergents could

have absolutely no effect on the overall water quality of this reserveoir.

Georgetown Lake, in the far western part of Montara, is located in both Deer . l
Lodge and Granlte Counties. It is a nitrogen—-lirmited eutrophic lzake. There

are no point sources located on or near the lake. The NES survey” performed
on this lake indicates that 7.0% of the phosphorus loading is attributable to
septic tanks in the area. If one assumes that 35% of the septic tank contribution
is due to detergent phosphates, then only ~ 2,57 of the total phosphorus loading
into the lake is from detergent corigin. Thus, a detergent phosphate ban could

not be expected to significantly alter the trophic status of Georgetown Lzke.

The HNES report states that the submarine springs which feed the lake are probably
the major contributors of phosphorus into the lake; however, this contribution
cannot be accurately quantified at this time, Nevertheless, approximately 93%
of the measurable loadings of phosphorus into Georgetown Lake are due to non-
-point sources and thus would remain Uﬂaffected by a detprgen* phosphate ban.

T

Clark Canyvon Reservoir in Beaverhead County is in the southwestern corner of
Montana. There are no known point sources on this lake. It is classified as
eutrophic, and over 997 of the total phosphorus loading is attributable tc land
run—aif, precinitation, and tributary coatributions. It is estimated thaot
septic tanks in the area contribute less than 0.17 of the tectal phosphorus lead-
ing. A detergent phosphate ban would not appreciably reduce the phosphorus
loading into the Clark Canyon Reservoir, nor could it have any beneficial effect

on its trephic status.

Hebgen Lake is located in the southern border county of CGallantin, very close to
Idaho. This lake has been classified as meso~eutrophic4and is nitrogen-limited.

U.S. EPA, NES, Working Paper No. 790, 1977

Vollenweider, R. A. and P. J. Dillon, The application of the pboonhoru; loading
concept to eutrophication rescarch. Natl. Res. Council “of Canada Publ, No. 13590,
fanada Center for Inland Waters, Burlington, Ontario. 1974.

3 U.S. EPA, NES Working Paper Yo. 793, 1977.

4 U.S. EPA, WES Working Paper No. 794, 1977.
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Less than 0.37%7 of the total phosphorus loading is attributable to septic tanks,
and the lake has no point sources. More than 997 of the phosphorus loading is
due to non-point sources, and would be unaffected by a detergent phosphate ban,

Mary Romnan Lake 1is located in Lake County in the northwest arca of Montana. It is
very similar to Hebgen Lake, being meso-eutrophic and n1trogen—1imited.5 Approxi-
mately 93.7% of the phosphorus loading is due to non—point scurces, mainly its
tributaries. About 1.8% is estimated to come from area septic tanks. There are
no point sources on Mary Ronan Lake. Also located in Lake County is Swan Lale.

It is mescotrophic and nmitrogen—-linited for most of the year.” During July aand
September, the lake may be phosphorus-limited. Approximately 99.7% of the phos—
phorus loading into Swan Lake is due to non-point sources, with the remaining
0.3% contributed by area septic tanks. Neither Swan Lake nor Mary Ronan Lake
would be affected with respect to water quality or trophic status by a ban on
detergent phosphates.

Lake McDonald, Tallv Lake and Whitefish Lake ere all located within the north-
western county of Flathead. Wnitefish and McDonald are oligotrophic lakas,7,8
and Tally Lake is classified as oligo-mesotrophic.9 All heve very good overall
water quality. None of them has any point source discharge of phesphorus.
(Until 1976, Lake McDonald had a single sewage trecatment plant discharging into
it. The contributicn of phosphorus from this plant was calculated to be~2.1%
at thet tiwe. Currently, the discharge from this plant has been diverted and
no longer impacts on the lake). Lzke }cDonald receives no septic tank input

of phosphorus. Septic tank phosphorus loadings intc Tally Lake and Whitefish
Lake are calculated to be 0.2% and 0.9%, respectively, of the total phosphorus
loading into each lake. Therefore, better than 99% of the phosphorus loading
into these three Flathead County lakes is due to non—point sources. A deter—
gent phosphate ban would have no perceptible benefit for either the water quality.
or the already excellent trophic status of any of these lakes.

FKelson Reservoir is in Phillips County, a north—centrel county on the Canadian -
border It is a nitrogen-limited eutrophic lake, which receives 99.87 of its

total phosphoruc—logdlng from non-point sources. io The remaining 0.2% is attributed
to septic tanks in the area. There are no point-sources on the lake. Therefore,

a detergent phosphate ban could have no perceptible effect on the trophic status

of the Helson Reservoir. '

Seely Lake, in Missoula County, is in the southwestern part of Montana. It

is classified as being meso—eutrophic and nitrogen—limited.ll There are no
point sources on this lake, and only 1.27% of the total phosphorus loading into
Seely Lake has been attributed to septic tanks. Since 96.8% of the phosphorus-—
loading into this lake is from non-point sources, a detargani phosphate ban
cou'ld neither slow nor reverse the current trend to a evitrophic status, In
addition, the NES report states that poor circulation in the southern areas of
the lake is likely responsible for a substantial accumulation of nutrients in
the laks (Ref. 11, pg. 2), which would be independent of any controls applied

to the current point and non-point sources of nutrients.

S U.S. EPA, KES Working Paper No. 796, 1977.
6 U.S. EPA, NES Working Paper No. 800, 1977.
7 U.S. EPA, NES Working Paper No. 804, 1977.
& U.S. EPA, NES Working Paper No. 797, 1977.
9 U.S. EPA, NES Working Paper No. 801, 1977.
10 U.S. EPA, NES Working Paper Né. 798, 1977.
11 U.S. EPA, NES Working Paper No. 799, 1977.



Tiber Reservoir is located in both Liberty and Toolce Counties, on the central
northern border of the state. It is limited by both phosphorus and light, with

the latter being the usual controlling factor. Whan turbidity in this lake period-
i 1y decreanses, light is no longer the limiting factor to algal growth, and
phosphorus becomes the limiting nutrient. The Tiber Reservoir is classified ¢
rmeso-cutrophic, 12 1t has as the single point source a scwage treatment p]anL in
Shelby. It has been cstimated that this plent contributes 13.7% of the total
phosphorus loading into this lake. The rest comas from non-point scurces. A

ham on detarzent phosphates could reduce the current phosphores leading by oaly
4.8%, and most probably would have a very minimal effect oa the overall wate
quality and the trophic status of the lake.

[
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!
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Tonzue River Reservoir in Bighorn County is on the south-central border of
tana close to Wyoming. It is a nitrogen—limited lake of eutrophic status .13

only peint source which impacts on this lake is a sewage treatment plant in

S S - H < . ~ P ¢ R * rraem D Yerewe =l s Y ST e
aridan, Liyomin which lLuC“arC 3 into thie Tongue River aocut ZU niles away from

n
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he Reserveir. The contribution of this plant to the total phosphorus loading
into the Reservoir is calculated to be 11.1%. The remainder comes from non-point
sources. Since the only point source to this lake is in Wyoming, a detergent
phosphate ban in Montana would cause no rnductlum in the pﬁosoho*us loading to
the Tongue River Reservoir.

oo

Tie Hoocanusa Reservoir is located in both Lincoln County, Montana and British
Columbia, Canada. According to an NES reportl4, 867 of the drainage area of this
lake lies in Canada. The survey calculated phosphorus loadings solely from U.S.
sources. Tne Koocanusa Reservoir is nitrogen-limited and mesotrophic. Approxi-
mately 93.1% of the U.S. phosphorus loading into this lake is fron non-point )

scurces. The remaining 6.97% is from the single U.S. polint source which impacts
cn the lake, a sewage treatment plant in Lureka. A detergent phosphate ban could
reduce the U.S. loading by a maxinmum of 2.3%, which is probably negligible when
viewed relative to the Canadian point and non-point source contributicns to the
phosphorus loading into the Koocanusa Reservoir.

"The Yellowtail Peserv01r is located in both Montana and Wyoming. It crosses. through

Bichorn and Carbon Counties in Montana, aund is also in Bighorn County, Wyoming.
The Yellowtail Reservoixr is eutrophic in Wyoming, progressing to meso-eutrophic
in outheln Montana, and then becomes mesotrophic at its northern end. 15 Presently,

.8% of the total phosphorus loading is from four sewage treatment plants-around ...
the lake. The rest is contributed by non-point sources. The present yearly phos-
o

phorus loading into the Yellowtail Reservoir would have to be reduced by nea rly

93% to Just equal the eutrophic loading (Ref. 13, pg. 3), accoerding to the U.S. -

ORI ~h a reluction weould clearly veguirs non-poi ~e control. A
hosphate pan would have 1o pzreedtidle effeci o of

: in the northwestern counties of L
ost exLenolvaly studied of all the lakes in llon
and is probably. phosphorus—limited during most of a though data on this
subject are not always in agreement (Ref. 16, pp 1- £, 17, prg. 9). The over-
all water quality is excellent, as evidenced by the abundance and diversity of

thead, is Drcb ahly the
n oligotrophic lake |

i
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the ye
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12 U.S. EPA Vorking Paper No. 802, 1977.
13 U.S. EPA Vorking Paper No. 803, 1977.
14 U.S. EPA'Working Paper No. 795, 1977.
15 U.S. EPA Vorking Paper No. 894, 1977.
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The only point sources of phosphorus are five scwage treatment plants with dis-
charges which impact on Flathead Lake. The largest of these.is the plant at
Ralispell (»9 miles up the Flathcad River) which serves a population of approxi-
mately 10,500 and has a mcan flow of about 1.5 MGD. It discharpes~15,270 kg
P/year, or about 8.8% of the total phosphorus loadirg into Flathead Lake. The
community of Whitefish (~20 miles up the Whitefish River) has a sewage treat—

ment plani wivich serves a population of app 0:1W1Lely 3, ZOu. The mean flow of
this plant is 0.3 MGD. It discharges~ 3,835 kg P/year, or about 2.27% of the

total phosphorus loading into Flathead Lake. The third l"Vgest sewage treatment
plant on Flathead Lake sesves the community of Columbia Falls (population~2,000),
which is located~ 20 miles up the Flathead River. The mean flow for this plant
is~0.2 MGD. It discharges 2,270 kg P/ycar, or about 1,3% of the total phos-
vhorus loadirg into Flathaad Lake. The treatwment plant which serves the commun-
ity of 2ig Fork (populatiou-500) has a2 mean {low of (.2 MCD and dischar
~f 2,400 kg P/year directly into Flathead Lake. This amounts to 1.47 of tbe total
phosphorus loading into the lake. None of these plants practice phosphorus
removal by chemical treatment. The reamining point souwrce of phosphorus is the
treatnment facility at the Yellow Bay Biological Station. This plant serves an
average population of 125 (350 during the summer months and only 12 during the
wintor months). Mean flow is very low,~ 35,000 gallons per day, although
cure must be much higher during tbe summer months. The plant does prac—
b wical removal of the phosphorus in its wastewater, and contributes
nly~>5 kg P/year to Flathead lake, which is much less than 0.1% of the total
phospherus loading into the lake. The combined phosphorus contribotion of all
five point sources amounts to onlyw13.7% of the total phosphorus loading into
.the lzke. Detergent phosphates represent only 35% of this point scurce contri-~
bution, or ~4.8% of the total phosphorus loading.

Thera are 465 septic tanks in the viecinity of Flathead Lake. They contribute an
estimated 0.3% of the phosphorus loading into the lake. Only 35% of this figure
can be attributed to detergent phosphates, bringing the total phosphorus contri-
bution to Flathead Lake from all detergent origins toa 4.9%, A detergent phos~—
phate ban would therefore be expescted to decrease the phospheorus loading into
this lake by less than 5%. The result would be an insignificant decrease in the
overall phosphorus concentration in the lake

Septic tanks have been estimated to contribute phosphorus to nearly all the -
Yontana lakes. To date, however, no studies have becn performed in Montana to

demcnstrate whether or not this is trus. A orlef review of the pub1lsheq -Ltera—
in seiils

Most s0ils -are capable
fi Lon, CCL tat

1

isms of phospnorus
iron, aluminum and cal

16 U.S. EPA NES Working Paper No. 792, 1977.

17 Flathead Drainage 208 Project, Executive Summary, 1978.

18 Gaufin, A.R., G. W. Prescott and J.F. Tibbs, Limnological Studies of Flat~
head Lake, Montana: A Status Report, April, 1976, EPA-600/3-76-039, EPA
Ecol. Res. Series.
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¢ structure. In addition, phosphorus present in the soluble ortho-
form may be coaverted by certain bacteria to insoluble forms.19 In

cas, the likelihood of significant phosphate trancport from scptic

to t?a surface waters is greatly reduced by the prescnce of calecium

the so0il, which reacts to form insoluble phosphorus precipitates, 20 ‘
wven though phos phOLuq may be found to be present in septic tank effluents in

concentrations of 20 mg/l (as phosphate), it is usually not present in 1g ni-
ficaent concentrations in ground water adiaﬁent to the systen, 2L The Micl igan
Pﬂpzrtment cf Hazlch has conducted a study of rutvient e ic
tanks to yround watcer 21, and reports that very little pheozphorus migra te es fro
septic tanks to-local ground waters in their study area. CbllGS“z, in a st ud)
of septic tank systems in the Houghton Lake area in Michigan, concludes that
987 of the phosphorus present in septic tank effluents is aﬂsOVBLJ into the soil
within the zone of saturation. He further COﬂcluﬁos that the adsorption

vacity of so‘l can be as great undﬁr water seturated conditions as under

Given the above information, it is p0351ch that the couhrlbn ‘ion of phos-
phorus from septic tanks to the surface waters of lontamz is not as great as
estimated in the U.S. EPA LES studics (maximum to any given leke is 7.0%,, and
nay chbgllv be non-existent, If the septic terks are indezd contributing
phospnorus to the surface waters, it is likely that bacterial, viral and nitro-
01 anination are also occurring. If this is the case, a ban on detergent
hates will not solve the other potential m ericus pollution problems

z xted by the septic tanks. Upgrading the condition of tha septic tanks and
ile ficlds would seem to be a more appropriate solution.

OC‘

¥ontana's Jakes

qrize, while eutrophic problems do exis
ischarges of ‘
[ ti

s

i
blems are without exception due to non poin
ts. Detergent phosphates do not represent
nt-source phosphorus lOad“ng of any of the
u1zh the phosphorus loading from septic tarks

een accurately quantified, the maximum contribution by this route from deter—
gaent phosphates is 2.5% in one leke, and less than 1% in a2ll the others.
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The water gquality studies performed on sixteen Montana lakes support the state-
cent that a2 detergent phosphate ban will have no pﬂrcepbeTc effect on the
water quality or eutrophic status of Montana lakes. - T
19 budley, J.G. "Nutrient Farichment of Grounl Vater ITrom Soovic Tank Sisposal
Systems', Master's Thesis, University of Wisconsin, 1973.
29 Lee, G.F. and R.A. Jones. "Septic Tank Wastewater Dispcosal Systems as Phos-—
chorus Sources for Surfzce Haters'. Occasional Paper No. 13, Center for
. Environmental Studies, University of Texas at Dallas, 1977.
21 Polta, R.C. "Septic Tanm Effluents. Water Pollution by Nutrients: Sources,
Effects and Control'. Paper presented at the 1969 Annual HMeeting of the Min-

nesota Chapter of the Soil Coas. Soc. of America. Univ. of HMinn. Water Resources
Research Center Bulletin 13: pg. 53-57. o

22 Childs, K.E.. "Migration of Phosphorus Wastes in Ground Waters', Geological
Survey Division, Michigan Department of Natural Resources, 1974%. '
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MOMTANA WATER QUALITY TESTINUN

Gentlamen: My name is MNed E. Willians. During the
last twenty years I have been Chief Engineer of the Dzpartment
of Natural Resources, Exé cutive Director of the Ohio Yater
Develepment Authority, and until January 8 of this year,
Director of the Chio Environmental Protection Agency. 1
am now a Project Director with the firm of Burgass & Niple,

A

| Syes F v (e e
Limited in Coiumi 15, U0,

I have besn asked by the Soap & Detercent Association
to review the testimony givan by croponents in Hous2 Fearings
on HB 414 and reports of lake studies done in Montana by the
United States Environmental Protection Agency. I understand

the time constraints you are under and will keep my comments

[
-
.
-3
ot
o

Your position in considering this bill is very
mine four years ago in Ohio - should the EPA support a phnsphate
bi11? Our decision vias no - and the bill was not passad, Tha
decision was reached on technica1‘reseafcn, not emoticn, and
in the ensuing four years, [ have s=en no reason to quzstion

the direncion we t00%.

Althourch comparing Onhio to Monkana is l:ke comparing anples o

: : Y e ey R -
oranges, our Gxperience in Uaio can b2 of iy 1a youws

making.
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A few poincs relative to detercgent pnosphates. Prosnhate

—h
-

1s a non-toxic chamical, a nutrient necessary for all
plant, animal, and human 1ife. The only environmental concern
associated with phosphorus is the occurrence of over-nutrition

o X ERU, o I} I B -
O0f a water body which resulis in c

a2 growin multtiplying and
teading to nuisance growths of green wasses in surrace water.
Several conditions must be met for this to occur:

1.  Prop2r sunlight

2. Th2 water must have a low flow rate

3. Essential nutrients for the algae must be present

It all cord1 jons necessary are found in a lake, then the
factor present in the least amount will conirol tha rate of algal
growth.  For many fresh water lakes, phosphorus is the 11r1t1rﬂ

factor, but this is not always the casa.

ferred

D
2]

Phosphorus enters lakas in two general ways, one r
A

to as point sources; this includes sawage and direct industrial

oo
H

discharge, or from non-point sources, such as land runo

Phosphorus from detergents enters lakes from sewags or point

. - ~ > N ~ Cof £ = - =l -
sources. Detercents contribute, at most, 35% of tha phosphorus
1 os2waca. I oine Mouse kestimony, 00w sfaled Tnal o d2fergeanis

1

contributad 0% of the phosnhorus in sewacz, but this information

(S0

e

is outdated. Voluntary reductions in the amount o7 phospha
in detergents by manufacturers have resulted in a maximum 35%

contribution te th2 current toba1 sewage phospherus



Enother vay of looking at this is to roulize thal a
detergent phosphate ban in Montana ceuld only roduse 352 of
the phosphoris entering lakes frowm sewage. It would have
no effect on phosphorus entering Trom othzr sourczs. A revicw
of the 1o U.S. ErFA lake scudies in Hontana siows thial fha
maximum detergent phosphorus Toading in any of the lakes is
4.9%. Only three of the lakes receive more than 2% of their -
niosuharus frow HMontana

or less. The removal of this smwal

phasphate ban would have no perce

This raises another point which wacrants sowe clarification.

Much of the supnort for the proponsed ban centers on remarks which

{ A o ARV -
; ty has occurred in GQreat

statg marxéd imgrovement of water qualj
Lakes' states after the institution of detergeat phosnh
This is an area in winich I have had consideradla experience in
my former position as Director of thz Ohio EPA. As I nbted
a moment ago, only a very small portion of phosphorus enters

lLakes, howaver,

{

Takas in Montana from sewage. In the Great

/

sewage may comprise 40% of the source of phospnorus 2ntering a.

t
lake.
c/EN AN Cnts Sityacion =3 SRR T SN E 0N 34N
1 ] B [ - P A B - [O A ceey VT ’ i~
pould have oo omuch batize cbance of Tuneoying walse Cuarity . ono

o

improvement has been seen wihich relates to the banning oF phosphate
detergents. Claims were made by prononesnts during the House
hearings that such bans have led o decresased eutrophication, but

. this is not the case.



A,

N

No documentad scientific studies have bzen dorne to supnort suth

claims. In contrast, documented studiss hava bezp dons in the states of

Mew York by Cornzll Usiversity, Indiana b

Minnasota by Biocentrics Labs. In each of these states, results
shiowad no dmprovenent 07 euiropnication proolams by Jefargent

phosnhate bans, and in fact a worsening of the condition has been
1

cbservad in scme of the lakas. The improvement ciaimed is from

sWage treatment, not phosphata bans.

An important point is the roles of chemical treatment in th2
removal of phosphates at sewage treatment plants. This has besn-

shown in Great lLakas' statzs to ba highly effective, ramoving

more than S0% of the sewage phosphorus, as opposad to the maxinum
35% veduction that can be expected with a detergeat phosphate ban.
In my tenurs at Chio EPA, I beceme strongly convinced that in

areas where @ nead existed to control sewage pnospnorus, chemical

L

treatment was the answer. Additionally, the cost of such treatment

has bezen overastimated by proponants of th2 ban. WHhere treatment

(“i

‘U
i
o

is reguired, the cost for removal of datergent phosphorus is

about $1.80 per housenold per year.

atements made

ot

T would Tike to corrsct a Tew oithar errgnagus s
ny thi seoponsacts of the DIt 30 That your
an rocyrata infaymation.  First, the states of HMaine, Connaciicut,

nt opn “S’J"'

U

I11incis, Pennsylvania, and Onic have not 2pacted daiarg
¥

bans. Second, Canada does not have a ban. Deterganl phesphorus

concencrations are limited to a maximum of 2.2% by wieignt.

a



TN

-y

e 1 . :,- ye 3 o .
Foaditiopally, iuprove senits in Canadian wa
shown to he the vesult of westewator troatment programs, not a

reduction in detorgent phosphates.

Finally, it was mentioned that Laxe Onondagy in New York
has undargoune a dramatic improvemesnt in wiiar Quaiicy sinos a

detergent phosphate ban was instituted. In reality, this lake

s - - pe 2 n b - . 2
did not have a phesphorus preblem, it had a seavere nollution
~yhiwa. A salSemining operanion 1o Dhe zreza had caused ih

3 S Lerining 30 T the ezrza had causad tne

lake to becoms brackish. A chemical plant was discharging

waste directly into the lake, and in acdition, the Syracuse

Matropolitan Scwage Treatment Plant was discharging only

partially treatad or untreated sewage into tne waters. Correciive
rmaasures have hesn made to prevent the industria

pollution and upgrade sewage treatment

i

improvament of water quality, not & datergent phosphatz ban.

I would feal remiss as an enginezr and Tormer reyu
mental quality if I didn"t comment on somz of the statements
wnich were mads during the FHouse hearings regarding saptic tan

contributions of phosphorus. It has been clearly decurented in

scientific studias that properly installed sepltic tank systems
i foonnteTanne iy gioniSianD el ar 2hosLanrus 2o

4 -

waters from such systems, it indicates a much mors savere poiiution
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control these poliution problems than simply reduce thoe small

amount ¢f phosphorus Chat way be trans

is a human healtn prob

In conclusion, I feel 1t is impor

and resources to control measuras which have a

of improving tha cuality of our envivon

va
_u”

we make no prograss towards our goals.

Cs

pan in your state, but could relate ©o

in tha Midwest where similar action

oy

¢f concentration on neaningful contral

tan

. to direct our energies

realistic probabil
ment.  IY we cnzinn2l our

oo b + oy ! S T T
:3: o5 S RwnEr g, L,ﬂu‘f.‘) TU IR U R T

< Taal ST

I cannot identity a

cositive benaefit which would be achievad by a datergant phosphate

important pitfall to avoid, if thosa of us concernad with the

quality of our environment are to raal

in meet Q our OOJ ctiveas.

I hope my comments will be usetul
decision, and would be happy to addras

may have.

L

to you in making your

any cusstions which you
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The pwenene of this papor is Lo roview, cuphosize and explain the preasons why
prrpone
: . . A0 A
the pronosed ban on phosphate in laundry detergests would Inllict a real and

hardship on the people of loatana.

A major

mont of the work force of Montana is involved with wo
in difficuls laundering problems, A quick review of the maj i
to the economy of the State demoastrates this fact, "It also

1

H -~

a2 law which would reduce the pervicrmance of Iaund

writ

:ezvice to Montana residents primarily responsible £

2fercnce 1)

than half of the value of goods
auuuulzv 51 Montana, 1 i
o 1a0r segments:

« Craop production
clcsz second.

Qans

co IT;. 5 .
ey regions of the moua

w
Aoc

° Livestock production includes not ouly the predominani catble for besf
hizep for wool but daiyy cattle and !
t

ate's economy.

wos which arz a2lso imporviant

of

a {1575), ohiz ds huow ahw Doctana vopulic
Number of Workers
. Male Female
wons of Workers 14 vears and older Total p2
YpTn Or wWorKers y

229,000 163,000 . 392,040
Walto Collar 74,000 91,000 165,000 427
Blus Collarx 84,000 11,0006 107,G00 27%
Sorvice 1 20,000 51,000 71,000 187
Forems 40,000 5,000 49,000 13%
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0% P DETERGENT CARBONATE PRECIPITATION
ON WASHING MACHINE PARTS

(After 4} years' total service;
2 years with 0% P detergents.)

Carbonate has been the primary re-
placement builder for phosphate in
phosphate ban areas. This builder
forms insoluble particles with

mineral hardness in the washing
process -- which in turn deposits

on clothes and washing machine parts
(agitators, hoses, pumps, pipes, etc.).
As a result, machine service calls
have been 10% higher in zero-phosphate
ban areas compared with non-legislated
areas (based on 1976 G.E. summary).
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100°F, no hardness present, 300 ppm. builger |
concentration (the level present at recommended usage
of a 6.1% P detergent).
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v nane 1s Ray Tilman, 1T am the Plant Manager for Company
Seiver Bow Plant jusc Weso of Butrte. 1 Zw hore today to tesclly agaiusc

House Bill 414 which would ban the use of phosphates in the detergents in

there is not a good need to ban the use of phosphates in detergents.
However, 1 would 1like to let you, this Senute Comnittee, hear our thoughts a
to whot this type of a bill may do to F1Lo/“3 in the State of tontana.

b

Az you ave probably aware, Stauffer's Silver Bow Plant preduces elemental

[
o
$atn
A

phosphorus, wh

one of the ingredients usad in producing tripolyphos-

big portion of derergents used in the household.

Elemental osph s is also T ce v ' competitors e Soutl t
1 1tal phosphorus is also produced by our competitors to the South, both

Monsanto and THMC in Pocatello, Idaho. These two companies are the major

- . 1 . ' . . -~ B
oosdicnts LB gedd Lty p“? TR SO IR A ! (ST EEN A CaoTie .
-3 .o 1. ~ [ - -~ .
ST weors also poavoe g o corweninive ol ove Stauffar g .q_‘!\':‘i Julaiey

in the nroduction of elemental phosphorus. Therefore, they can stay iv the

G

divc tripolyphosphate busivess because of this competitive edge.



prit
e

(

T sueh a2 bill as House BLlL 414 is passed, that.vill take & cortain.
nucber of tons of elemental phosphorus production out of the nacket place.
The conpanies, such as b

and Monsanto in Southern Idaho, will then look

to other areas to compete with theidr phudl worus This typz of competition

Plant elewmental phosphorus. How many tons, ultimately, thi
3 Y s >

depeads on how many tons of marketable elemantal phosphorus that FMC and

Monzanto will take out of the tripoly business and put into orther lucrative

reas. Ultimately, this loss of elemental phosphorus production would lead

(W]

oo to Stauffer's Silver Bow Plant and would cut

down on our tonnage produced every year. If

w

we would, sooner oc¢ later, have to shutdown at least one elemantal furnac

operation. This cutback in production would lead te a layelf of people in

ceonony of the Butte-Silver Bow area.

Al tbis time T would, therefore, very stroagly urge that vou, the Seantors

] . . e . viry A4
Sopate Comaltteo, ask that the Seante does not pass House Bitt 414




N

in an effort to help preserve jobs in the Butte-Silver Bow arsa.

Thank you very much for your time.
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NON-PHOSP HATE DETERGENTS:

MAJOR EFFECTS ON THE CONSUMER

Joy Schrage
Manager, Customer
Assurance Home Economics
Whirlpool Corporation
Benton Harbor, Michigan
March 15, 1979



NON-PHOSPHATE DETERGENTS:

MAJOR EFFECTS ON THE CONSUMER

My name is Joy Schrage. T am Manager of Customer Assurance
Home Economics at Whirlpool Corporation in Benton Harbor,
Michigan. I am here today to outline for you some of the
effects a laundry detergent phosphate ban has on consumers.
During the past 20 years, I have worked as a home economist
in education, Cooperative Extension Service, manufacturing,
utility home service, laundry research and industry consumer
affairs. 1In all of these professional positions, it has been
my Jjob to communicate with consumers and represent their
interests to my employers.

At Whirlpool Corporation, it is my job to represent consum-
ers and provide information on their problems, wants and needs
to all other company departments. We are vitally concerned
about the impact of this proposed phosphate regqulation on
consumers in Montana.

Based on our research at Whirlpool Corporation and our
contact with consumers, educators and the textile industry,
this is a general summary of consumer problems encountered with
non—-phosphate detergents:

1. Consumers report poorer washability than with phosphate-
containing detergents. Satisfactory washing can only be
achieved with special pre-treatment and if water is hard,
by using an installed water softener. Our detergent
chemists have analyzed and evaluated liquid, no-phosphate
laundry detergents and have found them to be poorer in
washing performance and higher in cost per wash than
currently available low phosphate powdered detergents.

2. Consumers report higher costs for home laundry with all
non-phosphate detergents because of the need to use special
pre~treatment products, additional laundry additives, water
softeners or conditioners, increased water usage and extra
energy needed for rewashing or use of extra washer cycles
(such as pre-soak or pre-wash).

3. Consumer and laboratory reports show very poor solubility
of powdered, carbonate non-phosphate detergents in cold
water (temperatures lower than 70°F). Consumers who want
to use cooler water temperatures for washing must change
their laundry practices and use liquid detergents. Current
usage of detergents is about 80% powdered and 20% liquid.
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Consumers complain of poor rinsing of detergents from
textiles in harder water (above 4 grains per gallon)
resulting in potential skin irritations. Clothes feel
stiff, harsh and have a powdery residue. Water samples
sent in to us from Montana consumers have ranged from about
10 grains to 18 grains hardness.

In 1975, no-phosphate detergent problems were 24.3% of our
total customer washability problems. 1In 1978 this
percentage increased to 52.5% of customer washability
problems. While the total number of washability problems
has increased only slightly since 13875, the percentage of
washability problems directly attributable to no-phosphate
detergent usage has more than doubled.

Some of the known effects which Montana consumers can

expect from non-phosphate laundry detergents include:

1.

Powdered carbonate non-phosphate detergent residue on flame
retardant cotton fabrics can render them flammable. Many
families will have cotton flame retardant childrens' sleep-
wear in their laundry baskets. Safety hazards to young
children, caused by conflicting legislation, are difficult
to justify when based on known water research. Limestone-
type residues on fabrics can be avoided if the homemaker
will change her practices to use one of the citrate liquids.

Powdered carbonate non-phosphate detergent residues on
textiles and surfaces of automatic washer components can
result in abrasion, damage and early wear out of fabrics.
Costs to the consumer in hard water areas can be extremely
high. Textile manufacturers and retailers report cutting
of sewing threads, especailly in elasticized areas, as well
as build-up of deposits on seams and fabric surface,
causing apparent color change and abrasion of garments.
Reduced wear life to textiles in hard water areas has been
reported in the literature to be 15-20%. This can be a
high cost to consumers, especially those with large
families.

I have samples of damaged machine parts, as well as
clothing samples from homes of Whirlpool consumers who were
using non-phosphate detergents. The cost to replace washer
parts which fail most frequently from calcium carbonate
build~up (filters and pumps and in very hard water, agita-
tors and baskets) falls in a range of $35-59. Throughout
the U.S., this cost has coccurred with consumers who
provided the failed parts within 1 to 4 years of use for
their automatic washers.
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Most appliance manufacturers do not have detailed service
data on appliances after the warranty period. However,
based on reports from our engineering tests and our field
service organization, increased service costs can be
expected to occur after the warranty period, with the
consumer paying the costs. An average service call for
major home appliances in the U.S. is $28.00, plus the cost
of parts. In very hard water areas (such as 30+ grains per
gallon in Indiana) where the customer uses only carbonate
non-phosphate detergents, this could mean increased annual
service costs for coated agitators and baskets and clogged
filters and pumps.

The performance, safety and added cost aspects of non-

phosphate detergents are strong consumer negatives which should
be carefully weighed in any propcsal to ban phosphorous in
laundry detergents.

To summarize our concerns, these are the factors which man
Y

consumers will face if phosphorous in laundry detergents is
banned:

More energy reguired for the same kind of washing results
seen with phosphate detergents.

2. Added cost to the consumer.

3. More potential service calls where water is hard.

4. Clothing may have to be replaced sooner.

5. Added economic hardship on those least able to afford it.
Thank you.

£ 4 F
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rsuading the big producers
et phosphates out of
btergents seemed a quick
/ay to help rescue fouled
kes. But neither the

iology of lakes nor the
hemistry of detergents
Jrned out to be that simple.

I/ Willium Simon Rukeyser

I()nc of the most persistent and bewildering national
niroversies of recent years has swirled around a matter
hat onee attracted little public notice except in advertise-
.s and nursery rhymes—the way we wash our clothes.
mufacturers, government officials, and scientists,
mong others, have joined in convoluted disputes over
@ possibility that laundry detergents containing phos-
I:m-s may be harming the environment. Long-established
narket patterns have been disrupted, the U.S. Govern-
w11t has been caught in embarrassing public wobbles, and
Infusion has washed across the land.
The outery against phosphates rose to a crescendo in the
irst half of 19%0, and phosphate-free detergents soon
ran arriving in the stores. By the middie of 1971, phos-
mate-free products—sonte eighty brands in all—had
fipped more thun half a dozen percentage points from
e combined market share of the bir three “soapers”—
"(n'tt‘l‘ & Gamble, Lever Brothers, and Colgate-Palmolive.
Lapid shifts of market share among the big three are
mmon, but for years their collective share had been
ite stuble, normally about 85 percent of the $1-billion-
Fvear manket for heavy-duty laundry produects.
The heyday of the nonphosphate brands was brief, how-
'«'l‘. Last September the Surgeon General and other fed-
al offiviads cautioned that some phosphate-free deter-
rents are Hazardous to human health. Since then, sales of
inphosphite prodocts—in which phosphate is replaced
ostly with old-fashioned washing soda—have stid by a
. Nevertheless, a number of states and localities are
o ahead with bans on detergents containing phos-
tes, Last month Procter & Gamble and Colgate-Palm-
olive announced that they would withdraw from the
tergent market in at least one such area—Dade County,
Lorida—rather thun distribute washinge-soda detergents.
rhosome places, therefore, the nonphosphate producers
niay win a bigeer market share again, by default,
reverherations of the detergent controversy by now
we spread well bevond the corridors of industry and
Tovernment. Around the country, concerned housewives
oot oo loss as to how they can launder without either
.ai!l or fear. Awd in what had been cne of the most placid
W waters of science—limnology, the study of fresh

2 Studoas

water——experts have taken to lunging at one another like
barracudas in angry public disputes over the dimensions
and possible causes of the problems afflicting the nation’s
likes and streams.

What's in the boxes

The controversy has focused unaccustomed attention on
the details of detergent formulation. The basic ingredient
of all detergents, phosphate or nonphosphate, is 2 surface-
active agent, or “surfactant”—a sort of synthetic soap,
derived from petroleum, that makes up 15 to 20 percent of
a typical heavy-duty formula. Surfactant is the ingredient
chiefly responsible for actual soil removal. But it cleans
cotton and some other fabrics poorly unless combined with
chemicals ‘known as “builders,” which create condition:
in the wash water that enable the surfactant to waors
efficiently. For a quarter of a century the most wide.s
used builder has been some form of phosphate, which ia
recent years has accounted for 35 to 55 percent of most
detergents, by weight.

Phosphates assist the surfactant chiefly by softening
water and by keeping dirt and particles that cause hard-
ness in suspension so that they are not redeposited on
clothes or on the machine. Other familiar chemicals also
have the power to soften waler or to limit redeposition
of dirt, but phosphates perform their various functions
especially welll Morcover, they are exeeptionally free of
undesirable side effects inside the washing machine. Even
those who oppose phosphate laundry detergents generally
concede that automatic-dishwasher deterpents and some
indnstrial and institutional cleaning products would not
work satisfactorily without phosphates.

When detergents first became commercially available in
the early 1930's, they consisted almost entirely of surfac-
tant. Consequently they cleaned cottons badly and made
practically no inroads against soap in the grocery stores.
Not until 1947, when Procter & Gamble's Tide first com-
bined surfactant and phosphates in the same box, did
detergents arouse any enthusiasm among consumers. But
from then on, enthusiaam beeame almost too mild a de-
seription for what amounted to one of the wiiersheds of

Research associcte: Beth Rogie
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husiness history. With phosphates added, detergents

aned noticeably better than soap, and were cheaper,
too. And becuuse they left so little residue, they made
possible the design of modern automatic washing ma-
chines. In half a dozen years, housewives relegated soap,
with which people had been washing clothes since the
dawn of history, to a minority share of the laundry-
products market. Some manufacturers tried to hold back
the flight from soap—notably Lever Brothers, which con-
tinued to spend some $5 million a year promoting laundry
soap. Lever, whose Rinso White had been the country’s
best-selling soap powder, plaintively advertised: “Rinso
White or Rinso Blue: soap or detergent, it's up to vou!”
By the early 1950’s the verdict was in: Rinso White was
clearly washed up.

A food that fills a universal need

Since then, brands of detergents have come and gone,
but none has ever approached the astonishing market
appeal of Tide. Procter & Gamble also makes eight other
sucecessful heavy-duty detergents, but the chasm between
its total share of the market—recently around 50 per-
cent—and the shares of Lever and Colgate-Palmolive—
both well under 20 percent—derives overwhelmingly
from the sales of Tide. Between 1949 and 1966, Tide's
_“igh-phosphate formula was protected by one of the de-
: sgent industry’s rare patents, and in the early years,
before Procter & Gamble began granting licenses to some
nther manufacturers, the product had about half the
market to itself.

Even now, when important qualitative differences
among leading detergents have certainly narrowed and
possibly disappeared, Tide's market share is 24 percent. Its
closest competitor is Lever Brothers’ All, with 7 percent
(including Cold Water AU). Tide’s cleaning per fon mance
remains the standard against which newcomers to the mar-
ket judge themselves, sometimes even publiely. Claimed
an early ad for Purex Corp.'s Brillo: “At last a no-phos-
phate detergent that cleans as white as Tide.”

Phosphates huave shown themselves to be unusually
safe as well as eotfective compounds. Their presence en-
ables detergents to clean with less alkalinity even than
sgap. Though the federal government annually receives
reports of around 4,000 ingestions of cleaning products,
mostly by young children, no deaths or even serious
injuries are known to have been caused by phosphate
ﬂundry de%ergentq in a generation of use. Phosphate,
in fact, is a constituent of many foods. Several million
pounds are consumed by Americans each year in beer and
soft drinks, of which the old-fashioned lemon phosphate

~s a famous example.

ndeed, it 13 the role of phosphate as a food that has
made it so controversial; for among the organisms that
share the universal need for a little phosphorus in the
daily diet are aquatic weeds and algae-—microscopic,
mostly greenish plants that live in water. In limited
quantity, algue are beneficial, creating oxypgen through
photosynthesis and forming a link in the aquatic food
chain, An excess of algae, however, is a nuisance, though
not 2 peril to human health,

During certain scasons, algae proliferate in some lakes
until they become visible ag unsightly green “bloonis” on
the surface of the water. When these superfluous alrae
die, they can produce obnoxious odors and sometimes
wash slimily ashore. Furthermore, while live alyae give
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off oxygen, dead algae—Ilike any organic waste
water——create what is known as biochemical oxyye
mand (BOD), provoking bacterial activity that re
a lake’s oxypen supply. In severe cases this can de Sty
the lake's ability to nurture certain desirable varietios
fish, including trout. Still, the familiar charge that fl
famous U8, Iakes are “dead” is imprecise at best,
Erie, the most frequently mourned, is badly poliut
(largely with substances considerably more noxious i
algae), and reeent decades have seen a marked c’n:m_xl
the kinds of fish it contains. But Lake Erie continues
produce as much fish as the other Great Lakes combj
and in 1970 yielded the biggest cateh in its history. Arl
D. Hasler, director of the University of Wisconsir
highly regarded Laboratory of Limnology, aligns ‘

self strongly with those who want phosphates out o
tergents, yet he observes: “Erie will be around
thousands of years. Instead of calling a lake dead, T Ii’
to say repulsive”

Many bodies of water apparenily can never supl
excessive algae growth because they are too deep, f:v
moving, muddy, or cold. But in lakes, ponds, and o I
slow-moving waters the availahility of nutrients iy ¢
the factor critical to whether or not algae get out of hur
Indeed, the technical term for the process by
lakes become clogeed with algae is eutrophication, ‘
defined as overfertilization with nutrients. Eutr: &
tion ig common in nature, for nutrients enter \\"lt(.'“ TS
sources as varied as rainfall and the decomp: mm»'
dead fish. Wisconsin's Green Bay, to take one exanl

vas blanketed with algae when white men first ¢lim .

it. But human activities can greatly accelerate the |
ess, as has happened in Lake Erie and elsewhere.

puts nutrients inte lakes chiefly through municipal sery,
age, industrial wastes, and the runoff of agricultura I

tilizer during rainstorms.

Yoyrm
i

Delergents have scrubbed soap {rom most taund: ¥y TGoms.
figures, from the Soap and Detergenl Association, refer to sal
kinds of soap and synthetic detergants. In recent years laund
have accounted for only a small proportion of soup sal2s.



lrrae require fifteen to twenty different nutrients, of
phosphorus is quantitatively the third most impor-
fler carbon and nitrogen. As longe as other neces-

e

conditions exist, algae witl multiply until they ex-
<t the available supply of some nutrient. The one that
w5 out first s sadd to be “limiting.”” Different nutrients
i be Himitinge in different bodies of water, or eveu in
ame body of water at different times and places.
Phere is not much hard evidence that phosphorus is the
‘ient chiefly responsible for cutrophication. But of the
cicnts that may be responsible, phosphorus is consid-
=l the most cortrolluble, Unlike nitrogen, which passes
©ly through soil and can even be extracted from the
josphere by some types of algae, phosphorus is effec-
Iy trapped by most farmland and by properly func-
ming septic systems, In many lakes as much as 70 per-
L of the incoming phosphorus is thought to flow from
lnivip:\l sewage plants, Of the phosphorus contained in
wage, 40 to 70 percent often comes from phosphate
gorirents—and nearly all of these are manufactured by
U three corporations, In sum, the simple expedient of
reing three companies to change their product formulas
Loht eliminate close to 50 percent of all the phosphorus
nyr into some lakes. No other nutrient offers any com-
®-.ble prospect for reduction by fiat.
The issues in the debate abiout phosphates are often

i

sed with those in a well-remembered controversy
detergents that foamed in rivers and streams, and
tth more recent but also essentially unrelated worries
it the side effects of enzyme deteryents, Detergent
lm first became & matter of national concern in the carly
160, when Representative Henry 3.0 Reuss of Wiscon-
o among others, pointed out thut detergents were per-
ing, and sometimes sudsing, in the environment. After
any assertions by U8, manufacturers that the problem
4w intractable, Reuss was able to disclose triumphantly
it German manufacturers were on the verge of pro-
B ine biodegradable detergents, The somewhat abashed
S, manufacturers switched entirely to biodegradable
ergents in 1965, amid threats that Congress would act
they did not.
The foam in the rivers was caused by surfactant, not
osphates, and the problem was solved by switching
ym chemically “hard” to “soft” surfactant. Surfactant
qas also the target of a ban on sales of all detergents,
Loxphute or nonphosphate, imposed last year by Suffolk
unty, Long Island—an area where chemieals in sewage,
weluding detergents, sometimes reeyele between cesspools
nd wells, Presumiably many Suffoltk houscholds are still
tting sewage in their drinking water; but at least it
Id gradually become less visible.

RN W .

"

v very real culprit”

Detergent makers generally date the emergence of
shosphates as a publie issue to July 31, 1967, when Stew-
v 1. Udall, then Secretary of the Interior, addressed the
ustry's Jeaders at a meeting in Washington, According
o the oflicial text, Udall noted the recommendation of a
sehnical committee studying Lake Evie that “a suitable
ibatitute should be found to replace phosphates in de-
rrents,” He wdded s *We ask that the coap and detergent
ndustry do Just that—work with us to research and de-
dop substitutes ... We would hope to see a reasonable
wdual replacement.”

didl’s Jisteners had reason to feel that they could

procier
2 51%
Gamble
Oxydol
Salvo
Tide

Spring, 1970 Spring, 1.1
The market shares of the big three shrank as agitaled consumers
switched to phosphate-free detergents, supplied by dozuns of smaller
competitors. But sales of the phosphate-free brands reached a plateau
last spring, and have iately declined. {The figures on the chart, based
on industry estimates, represent shares of the total U.S. marke! for
heavy-duty laundry products sald in stores))

meet that wonl. By 1967 the major detergent compa-
nies, which constantly experiment with new materials
in hope of gaining & produet advantage over their rivals,
were aware of the commercial promise of & phosphate
substitute known as sodium nitrvilotrincetate, or NTA.
First produced in Germany durine the 19393, NTA had
for vears been considered ton expensive for general use.
But improved methods of synthesis patented in 1962 by
a division of W.R. Grace & Co. brought down costs, and
tests indicated that in some respects NTA war even mor
effective than phosphate.

The readiness of detergent makers to cooperate with
Udall did not, however, grow out of any agrecment that
their products were harming the environment. Despite
confident assertions such as Udall's that “phosphates are
a very real culprit” in water pollution, there was prac-
tically no conclusive evidence one way or the other. In-
deed, even now, after more than four years of by far the
most intensive study these muatters have ever received,
nobody has definitive answers even for such elementary
questions as how many lakes are troubled by algae—to
say nothing of more sophisticated problems such as what
the limiting nutrient may be in each case.

One of the very few arcas of consensus among the
people who study water is that in lakes where eutrophi-
cation has coincided with increases in sewage, total re-
moval of sewage tends tu reduce or eliminate the problem.
Total removal has been tried with wgood resuits at such
places as Lake Tahoe in Californin and Seattle’s Lake
Washington; sewage-plant etfluent is piped around the
lnkes and disyorged elsewhere,

There is considerably less seientific accord on whether
use of advanced sewage treatment to remove just a sin-
gle nutrient—phosphorus—will improve lukes. Kxper-
lence at Lake Zurich in Switzerland supggests that it enn;

rontinued poge 168
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¢ inwaters where the Iimiting nutrient is not phosphorus,
h treatment could be wholly ineflectual. On the merits of
tial removal of a single nutrient, such as would be
deved by banning phosphates in detergents,  informed
nion is very much divided. Some authorities think such
step would have value in slowing the deterioration of
win lakes. Many others argue that because the quantity
nhosphorus needed to support nuisance growths of algae
=0 tiny—on the order of ten parts per billion - simply
wving the phosphorus content of tvpical sewage from
haps 10,000 to 5,000 parts per billion would do no good
alll In the words of William J. Oswald, a professor of pub-
health and sanitary engineering at Berkeley who has stud-
algae for twenty years, “To attain the low growth rates
ded for effective algae control, complete removal of al-
st all phosphate and nitrogen will probably he required.”

1 emergency tone

Cor a couple of years after Seerctary Udall’s exhortation,
»big detergent makers and the federal government worked
«ether in reasonable amity. Procter & Gamble was already
serimenting with small amounts of NTA in a few deter-
and the povernment’s position on phosphates re-
aned quite consistent with Udall's speech. As stated a
ently as August, 1969, in an emphatic memorandum hv
vid D. Dominick, Commissioner of the Féderal Water
Tution Control Administration, the official position was
st “The reduction or elimination of phosphorus from
ergents is desirable in coneept but undesirable for im-
mentation af is fime,”” because substitute ingredients
Aatld eause other, even more severe, pollutional effeets.”
2elations hetween the big three and Washington cooled
ddly, however, in the wake of hearings held in December,
9, by the House conservation and natural resources sub-
amittee, chaired by the detergent makers” old nemesis,
ary . Reuss. Several witnesses
sident from W, 2. Grace, the NTA producer  strength-
~d the Congressmen’s opinion that satisfuctory phosphate
wtitutes, notably NTA, did exist and should be adopted
Jout further delay. Stung by the subcommittee’s impa-
ace, federal oflicials soon began talking and acting as if
»need to replace detergent phosphates constituted a
donal emergency. This abrupt change of tone has heen
the root of most of the embarrassment that the govern-
nt has sinee sullfered on the phosphate issue.
me of the first serious collisions between  detergent
cutives and government officials came in March, 1970,
¢ rtwodays of unpublicized meetings called by Secretary
* _ommerce Maurice Stans. Noting that the Reuss report
A nearing publication, Administration officials stated  as
‘ustry people remember it—-that they thought it would
zood” to announce the manufacturers” intention of redue-
s phosphate levels iinmediately. The company representa-
w5 responded with a detatled case against hasty action; at
~Lene stressed the view that NTA had not been sulli-
1y tested to justify carly use in the quantities necessary
replace the 2.5 billion pounds of phosphate annually
sked Into detergents. The government officials seemed k-
aback by the militaney of the companies’ positions. Indus-
~executives remember being asked by Stans, “Why don’t
1 take your ease Lo the public und get us ol the hook?”
At the end of Mareh, Procter & Gamble announced in full-

inclading o divisionul
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prae pewspaper ads thatwithin v months it would he ::J

NTA i pliee of 25 perecnt of the phosphate in some o
ucts. As the notion spreewd thae NTA was now u\'uil;xi;!’
as an effective substitute for phosphate, the government's
stuance grew inereasimgly vigid, On Mav |, 1970, the Interio
Department's \‘;:nvr‘qn'vh!“ azeney publicly demanded a
immediate cut o phoxphates by all manufacturers, Soon
thereafter, aceordmg to industry sources, Russell Train, hea
of the President’s Council on I n\vnmne'\ml Q'l‘ht\. b
came especially vicorous moureing manufactwrers still un®
committed to NTA to get hold of supplies and hegin using it

i place of phosphate

At the end of 1970, the foundation of theory and upininl
on which the government wis aperating abruptly crumbled.
Late in the altermoon on Wednesday, December 16, phong
jangled e the head offices of the detergent companies an;
even in the homes of some executives who had already left
work. Washington was on the line with avequest that corpe
rate officials appear the next day at the Department
Health, Fducation, and Welfave in order to make an arwen®
decision regarding NTAL No further details were supplied.

At four o'clock the next aflternoon, about forty pmpl'
gathered around along table in an U5 W. conference roon
at 330 hndependence Avenue. After an apology for the short
notice, Surgeon General Jesse Steinfeld told the maam
turers of a study with rats, condueted at the National 113
tute of Environmental Health Sciences, indicating thice '1‘_.\
could comhine with mercury or other heavy metals in (l’

water supply 5o as to cause birth defeets, Recalls an exet
tive who was present: "We weren't allowed to examine the
data. The people we had down there had no technicad re-
sources.” Nevertheless, officials insisted that they wanted !.l
announce the research findines, alone with o stidement (8
the industry’s “voluntary” agreement to suspend the use of
NTA, at o press conference the next morning, &
Why tamorrow?

industery people immedintely asked, §

was explained that there are a lot of Teaks at HE AW an d,
bestdes, Senator Muskic's subeommitiee on air anfd wite

poltution wis scheduled to tssue a stall report ina few din

that would inclade some questions about the safety of 20704
As the mecting broke p, around six o'cloek, executives yiod
for phones inside the HUEW, Building and besan dictatin

the resewreh findings to their home offices in order to get sond

technical evaduation by the morning.

A policy of saying as little as possible

The quick renction of many of the people at the other end
sistent and that further studies would be required to
whether the conclusions were valid, Government off;
meantime, use of NTA had to cease, Since the ;:()\'L‘l'lxhl('lll'
clforts to push the industry toward a fast removal of pho!
suspension put policy makers in a quandary. [n a joint sta
ment issued at the press conference, Steinfeld and Willia
Ageney, essentiadly retwrned to the position the government
Lad advocated prior Lo the Reuss hearings - e,
months therealter, it became the apparent policy nf almaost
alf responsible fe (lL‘ ab oflicials to say as e about decer fm"
to decide what to pulm their cartons in the faee of unab

of the phones was that the test data seemed nternally inco
agreed that more testing was needed, hut insisted that,
phates hidd heen predicated on the availability of NTA, the
D. Ruckelshaws, head of the Enviconmental Protection
L ‘.vj.' ut ey
the removad of phosphates by sevage treatent For man
and phosphates as possible,
agitation in Congress and the press and Toeal laws restricun

Nosuch option was open Lo the detergent makers, who

conlinued page 165
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osphate content. Lever Brothers and Colgate-Palmolive

cted to stabilize the phosphate content of all thepr heavy-
Ly laundry detergents at about 35 percent  equal to 8.7
reent clemental phosphorus, a reduetion from o previous
I«frage of roughly 10 percent. An 8.7 pereent phosphorus
ntent s generally considered the minimum necded for effee-
e heavy-duty eleaning. But higher concentrations do
rrease eleaning power somewhat, particularly in hard water
with heavily sotled clothes. Procter & Gamble, convineed
2t its commanding market share owes something to con-
mer preference for high-pnosphate produets, has continued,
iere legally permitted, to market some detergents contain-
up to 14.6 percent phosphorus. This policy is expensive as
Alas politically daring. It ereates costs both fov distributing
Terent formulas and for the phosphates themselves, which
» several times as expensive as the filler material with

deh they are partially replaced in the 8.7 pereent brands.

ltheme of unselfish concern

If NTA had remained available, the replacement of phos-
s in deterpents might well have been accomplished
ut 2 serious challenge to the market dominance of the

aree. Major new entrants to the detergent industry had
on rare, partly beeause huge advertising bhudgets are con-
cred necessary. The confusion following the suspension

INTA use, however, created a unique opportunity for the

ikers of washing-soda detergents, At their peuk, non-

imphate products —many with trend-catehing names such

Concern, Puve Water, the Un-Polluter, and Feolo-G -

zed roughly 10 percent of the market.

21 the promotion that heralded the arrival of the washing-

a brands, the common theme was unselfish concern for

environment, spiced with inthmations of scientific break-

oughs, The classic example was Scars, Roebuck’s first
crgent  connnercial, featuring, of all people, Stewart

B0 who had by then retired from the Interior Departiment

o private 1ife. Udall began by asserting, T have never

e a commercial hefore and 1 won’t take any money for

e this one,” and ended by urging the use of Sears” non-

asphate detergent “for our water’s sake.” s claim that

would not “take any money for doing this one'” was
' Uy aceurate, sinee the fees speeifically related to the com-

reials he filmed were turned over to a foundation for In-
21 education. Udall negleeted to mention, however, that he
also serving Sears as a consultant on the cnvironment, an
nent for which he did accept payment, Sears confirms
e fee, while “small,” was in the thousands of dollars
wigch the switeh to a phosphate-free formulia doubled its
e of the detergent market, to an estimated 3 pereent,

asowas soon awash m perplexity. Last summier a fifteen-
'th-old Connecticut girl died after inhaling a quantity of

& Hummer detergent with ingredients similar to
o in the Sears hrand; a month later eame the Surgeon
.;«,xml s warning about certain nonphosphate products.
had already discovered that washing-sada detergents,
' ding its own, could inactivate fameprool finishes on
hing-—a feature Scars itself had pionecred.
erhaps the unkindest cut of all came from Whidpool
l as unlikely a corporate adversary as Svars could
neountered, Whirlpool s the exelusive supplier of
Fenmore wushing muchines, und shipments of ap-
wwes o Sewrs aecount fur two-thirds of Its revenues,

Yet, at a thne when Sears wis prowily displaying its own
detergent adongside Kemmore washiors and elaiming on te
side of the box that the detergent is”
and your washer too)”

reat for vour wash,

" Whirlpnol began packing a pale-blue
leaflet mto the casentially identical machines it sells weder
its own brand noame, Buritled vour nesw washer
he deaflet warned thit in water of the hardness
that 1s suppliecd to two-thivds of thes population, phosphatie-
free detergents leave “a scaly baild-up’ that can interfese
with the funetioning of the washor's pump, sgitator, wnd
filter and “ean cause abrasion or wear of elothies as they ruh
acainst the agitator and tub.”

”!“('n'n*f\'
anid )'()Ll,'

Same nonphosphate
removing dirt,

detergents do a satisfactory joh of
but they tend o stiTen fabries and lewve
white deposits on dark elothes, especially after vepeatind
washings in hard water. Certaan brands, morveover, are
sufficiently caustic to Jdamage eves and mucous membranes
irreversibly af splashed caten, a particularly worrizone
characteristic in a houschold product often sold in laree,
heavy boxes hard to store out of children’s reach. Some
phosphale detergents, to be sure, may contain ingredients
other than phosphate that make them more ritating than
some nonphosphate detervents. But washingy
certain other chemicals sometimes used in nonphosphate
formulas are inherently substances, while
phate 1s not, :

The refusal of Procter & Gumble and Coleate-Palimolive:
to make washing-soda detergents does not yeflect any teeh-
nical ineapacity to do so. Both could manufacture these
products with theie existing equipment (Lever Brothers is
alreardy producing a nonphaosphate hrand to be sold in places
that ban phosphates). Moreover, washing soda costs less
than one-third as much as phosphate

soda  and

irritating phos-

The back-to-scap school

Many concerned people, including ceologise Barry Com
mener, believe that the choice between phosphate nand non-
phosphate brands s too narrow, They arcue that the countiy
should forswear detergents of all t\';ws and go back to soup.
And indeed, with Bghtly sotled articles washed in sof
soap can do a good job, But consumers without snft witter
would either have to add washing soda, which brings with it
some of the drawbacks of the nonphosphate detergents, o
imvest in o mechanieal water softener. Bven in soft water,
soap can leave an unsightly vesidue and, like nonphosphates,
soap makes flame-resizstant garments flammable. 1t also
currently costs wbout 20 pereent more than detergent.
Finadly, not even soap is entirely free of unwanted environ-
mental consequences. Since 1t I3 an organic substance, it
adds to the biochenmical oxyeen demand in sewage-Lreatment
plants, which depend in part on haeterial action to hreak
down wastes. Estimuates of the BOD inercase that would
result if everyvone switehed to laundry soap run as high as 2
pereent. That would overlond muny treatment plants, caus
ing them to discharge untreated sewage into the water an
ultimately requiring enlareed facilitics. One forty-year ve
cran of the detergent business remembers that among t
first customers for detergents were textile plants, which he
come under ceriticism fur putting too myuch soap and stard
mto the lnkes aned rivers.
‘high BOD, " he recalls.
that had no BOD
By Lt summer,

towater,

“The ery of the ceologists then w
“We offered o synthetio sufucta

extensive Lestine of NT°A h\' the ;:nvm
ment amndindustry appeared to ch--u the chomical «

Livth-defect eharges that haed been the basts of (s suspenst
Jatanother question huad beew posc st NTA beaea

cootinaed ponsc i
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cancer? Procter & Gamble and other producers, imnercas-
oy desperate both to rescue their investment in NTA and
have access to what they regard as the only satisfuctory
sown substitute for phosphate, pointed out that tests hal
oduced no evidence of carcinogenicity. They noted that
her careful countries, such as Canada and Sweden, con-
nued to permit NTAL

The Surgeon General responded that he was dissatisfied
th the way some of the tests had been conducted and
anted additional studies that could take as long as two
sars. UTrom the industry’s point of view, it was the first
me anyone had asked for this kind of data,”” says Dr.
reinfeld. "But I felt and T continue to feel that we needed
s know more if it is to be used in large quantity.”

On September 15, Steinfeld, Ruckelshaus, Train, and Dr.
narles Edwards, head of the Food and Drug Administra-
n, held a memorable press conference. The message was
at, despite earlier hopes, it now scemed unlikely thut NTA
ould be quickly cleared for renewed use. In these eircum-
aniees, they felt the publie should know that soime other
'mlucts being marketed as phosphate substitutes - the

caustie washing-soda detergents - could [)1(»wnt sufety

eards, The hest course at present was for localities with
wvae problems to build sewage-treatment facilities capable
“removing phosphates; the federal government wis car-
arking $500 million to support such construction over the
U vear, Inanswer to a question, Steinfeld sugeested that
“the time being housewives should use phosphate deter-
ts beeause they are “safe for human health.”

Because of that advice, the press conference was widely
ndemmed as o sellout to the hig three and in particular to
cecter & Gamble, whose chiel lobbyist, Bryee Hardow, 1s
former Nixon adde. There = irony in the charge, for from
cocter & Gamble's point of view the Surgeon General's
stimonial hardly offset the immediate finaneial and market-
2 impact of the company’s defeat on NTA; i fiseal 1971,
cocter & Gamble wrote ofl $7,100,000 of binding contracts
spurehase NTAL ITn any case, tising governmental concern
cer the safety of nonphosphates represented no sudden
anabout. Among other things, the Food and Drug Ad-
anistration kst MMaeh seized 1,145 cases of Beolo-G oand
dutck brand no-phosphate  detergents, both made by
cology Corp. of Ameriea, after tests showed them to be
coxie, corrosive to intact skin, and the cause of severe eye
ritation.” Those brands have since been reformulated.

3

2w thoughts on sewage
S e emotions stirred by the eontroversy churn on. But
actical steps toward minimizing algae prowth induced by
aan activity will requive dispassionate weighing of all
o trade-offs mvolved in possible remedies. Al things con-
Aered, advanced sewage treatment may prove not only to
~the most effective way to tin but also one of the most
Coidly available and most cconenie ways,
The Cnn\'t-x\.tmn;xl View among unxmnmu\t tists 1s that
aling with cetrophication by means of sewage treatiment
suld cost muny bithons of dotlirs and take yoewrs, or even
~eades. These projections rest on the assumption that get-
ag out phosphorus, which is almost untouched by conven-
mal treatment, requires complex, expensive tertiary treat-
cnt, But new techniques of sewage treatment developed
the Just few yewrs make 1t possible to remove newrly all
Cthe phosphorus in sewage, whatever its souree, with only

NE Jeniiar, 10T

relatively minor additions (o existing treatinens

These processes can veduce phosphorus inoseaage ef E e x
to dess than 1Long parts per bhillion at a mv(ir:. pwl—u.]nt
cost of less than o penny o day, ineluding removal of the
additional sludae and amortization of eapital investment. I
just orer a penny aday per person, the phosphorus cun he (Ll
to a couple of hundied parts per hillion. Sinee efiluent s
diluted when it enters fakes and rivers, advaneed treatmeng
of this kind eould reduce the phosphorus in many waters nr'
just to the level of pre-dotergent days, but to a level that 1®
not been seen sinee the widespread adoption of indeor plumb-
ing. Under a bill passed unanimously by the Senate | l
November, the federal government would pay up to 70 pe
cent of the capital costs,

In the countiy’s most prominent eutrophic waters— ehief)
Lake Erie, Lake Ontario, and the Potomae estuary —most «l
the incoming sewage abready passes through convenlional
treatment plants. Equipment for phosphorus removad, whic

is needed in those arveas regardless of detergents, oou.'
almost certainly be added to the plants sooner than approv
could be gamed for mass marketing of auy of the phosphute
substitutes now under laboratory development. I urLlw'
more, localized removal of phosphorus from sewage might |
cheaper, as well as more effective, than wholesale replace-
ment of phosphates in detergents. Virtually all the
stitutes under study are considerably more expensive L-
phosphate. A complete switchover to NTA, for example,
would add an estimated $80 million to the detervent ir|

dustry’s annuad raw-nvderial costs) and presumably moge
whit consumers pny.

After the awakening l
If phosphorus is removed from the sewaze entering o
trophic waters, the ariginal rationale for the detereent eon-
voversy will disappenr, Tt imakes no difference to Likes wh: il
chemical 1s used as long as they don't receive it But \J“IW
reasons will renuan for replacing detergent phosphates oo
measwred way as= fully proved substitutes become wvailubl
Providing that the substitutes do not ereate comparable prnl
lems, phosphate-free detergents ecould muvainally reduce the

costs of operating some phmphmu»tcmnva! ProCes~es g
could lessen somewhat the flow of nutrients inta wate::

nmadfunctioning septic systems, I'naddition, it s conie
that “if demand continues to grow at the current rate,” ,
world reserves of phosphorus - vital in agriculturad fer
ers - will be exhausted in less than a century, For
present, in regions where phosphate detergents adid divecy
to the cost of running sewage plants, it might he fair to tag
these products to offset the additional costs they ereate. An
perhaps the numufacturers should be reguired to divaly
thetr cartons a fuct that Consumer Reports mogazine, o
-thuat a fractio
of the usually recommended one-cup dosace can give
able results in many houscholds,

leviewing the phosphate controversy, Dr. Tan Mitchell, '
thoughtful H.E W, officidd, observes: “We've all soucht b
simplest or least troublesome way of dealing with the prob-
icar, not realizmg that it may nnt be the simplest or least
troublesonmie approach in the end.” The recent great awal
ening to the vulnerabibity of our nat,nml suprounchngs bt
fanned hope that environmental damage ean be avaided. Tt
has also spread discouragement, as the complexity of Uy
issues and the cost of effective solutions have hLecome :ql
parent. The campuzn to clange detergent ingredients g
nostrum for ailing hakes may come to he seen as on
society’s undevstandable bat futile hunts for painless
swers to hard questions, BN

with muny ordinary citizens, has discovered:

aceep
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Phosphate Replacements: Problems with the Washday Miracie

Detergents containing  phosphates
have been under indictment for some
time as a significant cause of the eutro-
phication of lakes and other waterways.
Phosphates are believed to contribute
to the unwanted growth of algae that
often choke bodies of water and that,
in their decay, can exhaust the oxygen
supply in the bottom walers, sO that
the lake becomes uninhabitable for
cold water fish and less attractive for
recreational use. Although many scien-
tists are convinced that phosphates
should be controlled, there is evidence
that under certain circumstances the
availability of other nutrients such as
nitrogen or carbon limits algal growth;
in these waters, phosphates may be
present in such amounts that their re-
moval from detergents would make lit-
tle difference in water quality. But de-
tergents are marketed nationally, rather
than regionally, and the federal gov-
ernment seems to be committed to re-
moving phosphates as soon as suitable
replucements can be found. In Canada
and in some local areas of the United
States laws have been passed restricting
the phosphate content of detergents.
The detergent industry is reluctantly
getting ready to shift to phosphate re-

~ placements; and within the past year
products containing both new materi-
als, such as nitrilotriacctate (NTA),
and new formulations of standard in-
gredients, notably carbonates and sili-
cates, have appeared on the market.
Some of these products have been ac-
companied by advertised claims  that
these detergents arc  “nonpoliuting.”
Howuver, the nonphosphate products
available today are far from perfect: in
addition to some possibly detrimental
environmental effects, there are unan-
swered about _their  safety
and washing effectiveness.

questions

Detergents in the Ecosystem

Most of the laundry deiergents avail-
able today contain between 35 and 50
percent sodium tripolyphosphate, and
sales of these products by the three
targest detergent manufacturers, Proc-
ter & Gamble, Lever Brothers, and
Colgate-Palmolive, account for about
80 percent of the total U.S. market. Al-
most 2.5 million metric tons of deter-
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gents arc used in the United States
annually, resulting in the release of
about 1 million metric tons of phos-
phates into waste water, and hence in-
to the environment, every year (7).
Domestic waste water-—in which de-
tergents predominate, but which also
contains phosphates from  human
wastes and industrial processes—is the
largest single source of phosphates in
most waterways. The relative contribu-
tions from wastc water, urban storm
sewer runoff, and agricultural runoff
from fertilized ficlds and livestock feed-
lots vary widely from place to place
and, pasticularly in the case of agri-
cultural runoff, show large seasonal
variations as well. It is generally
agreced, however, that detergents ac-
count for about S0 percent of the phos-

‘phates in wastc water and for some

lower fraction of the total amount en-
tering waterways. Near large mectro-
politan areas where there is little dilu-
tion of waste water, some estimates of
the relative contribution from deter-
gents run as high as 70 percent.

Algae blooms are no longer a rare
occurrence in many parts of the United
States. In some instances it appears
that phosphorus has clearly been the
limiting nutrient, implying that a re-
duced supply of phosphates would
have reduced the amount of algal
growth; in other incidents, it is simply
not known what the limiting nutrient
was or how much of the algal growth
could have been controlled by lower
concentrations of phosphates. Research
into the water chemistry of nutrient
cycles is intensifying, but the complex-
ity and variability of aquatic systems
tend to obscure the details of how nu-
trients are taken up by algae and other
primary produccrs, then released us the
algac dic and arc decomposed by bac-
teria. Comprehensive field studies have
so far been carried out in rclatively few
bodices of water.

The relative importance of phos-
phorus in contrihuting to cxcess algul
growth and hence to the accelerated
decay of a lake secms to depend on
the trophic statc of the lake. Phos-
phorus may be limiting to algal growth
in nutrient-poor or oligotrophic lakes,
but it may bhe present in excess in

nutrient-rich  waters. In the Great
Lakes, for example, it is estimated by
Fred Lee of the University of Wiscon-
sin—in a talk given at the recent
American Chemical Society (ACS)
meeting in Los Angeles—that phos-
phorus is the limiting nutrient in the
open waters of Lakes Superior, Huron,
and Michigan; he helicves that in
more cutrophic waters, such as Eric
and Ontario, phosphorus may be no
longer limiting, but could be made so
by removing phosphates from waste
water. But in some shallow, near-shore
sections of the lakes the total input of
phosphates from other sources is such,
Lee believes, that the removal of phos-
phates from detergents or cven the re-
moval of 80 percent of the phosphates
from waste water in treatment plants—
as is now planned for puch of the
Great Lakes region—would not im-
prove watcr quality substantially. In or-
der to make phosphorus limiting in
these sections, Lee thinks it will be nec-
essary to reduce urban and rural run-
off as well. .

Much less is known about nitrogen
inputs to waterways, although both
natural and manmade sources of this
nutrient appear to be abundant. The in-
put from ammonia found in rainfall is
apparently high in many areas, and
fertilizers and sewage.wastcs contain
large amounts. Some types of algae and
hacteria can fix nitrogen, and although
this process appears to be an insignifi-
cant source of nitrogen for lakes, it
may give the nitrogen-fixing blue-green
algac that usually are commonly found
in hlooms an advantage over other
forms. Nitrogen sources arc hard to
control because of their diffuse nature,
in contrast to many sources of phos-
phorus. At the ACS meceting, A. T.
Prince of the Department of Encray,
Mines, and Resources in Ottawa, Can-
ada, estimated that 70 percent of the
phosphates entering Lake Eric are
froni point sources that are potentially
controllable, compared to only 40 per-
cent of the nitrogen.

It is generally agreed, however, that
nitrogen is a limiting nutrient in some
lakes and in many or perhaps even
most estuarine and coastal waters.
John Ryther and William Dunstan of
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the Woods Hole Oceanographic Ing
tute point out in a recent report thia.
coastal waters receive the sewage of
roughly half of the population of the
United States, and their measurements
in the New York City region indicate
that nitrogen is the limiting nutrient in
such waters (2). Hence they question
the value of replacing phosphates in
detergents in these regions.

Under some circumstances carbon
may be the limiting nutrient, especially
in extremely eutrophic, soft-water lakes,
according to Pat Kerr of the Environ-
mental Protection Agency (EPA) labo-
ratory in Athens, Georgia. In her talk
at the ACS meeting, Kerr emphasized
the interdependence of algae and de-
composing bacteria, which often com-
pete for the same nutrients; typically
they are linked in a daily cycle in which
carbon diozide is removed by algal
growth by late afternocon and regener-
ated during the night by the bacteria.
Because of this linkage, Kerr believes
that the control of carbon may be im-
portant,

However, the circumstances in which
carbon is really a limiting nutrient
may be fairly restricted. For example,
although Lake Erie is a highly eutro-
phic system, the carbon reservoir pro-
vided by dissolved bicarbonate in the
lake appears to be much larger than
all human inputs of carbon. Prince
estimates the biological oxygen demand
in the lake at about 200,000 tons per
year, which is equivalent to about
75,000 tons of annual carbon input
from sewage. The carbon content of the
biomass in the lake is estimated to be
about 1.8 million tons, clearly larger
than could be supplicd from the sew-
age source, but small compared to the
10 to 12 million tons of bicarbonate
in the lake. Hence Prince believes
that carbon in sewage waste is not an
important nutrient in this lake. Many
scientists also believe that where car-
bon docs become limiting, further algal
growth would iead to relatively little
additional detcrioration in water quality.

Options in Detergent Formulation

A typical houschold laundry deter-
gent is made up of a builder, a sur-
factant, and miscellancous ingredicnts
such as brighteners, perfumes, anti-
redeposition agents, and, in some prod-
ucts enzymes, The builder’s primary
role in a detergent is as a sequestering
agent which ties up calcium and mag-
nesium jons that are present in hard
water and that would otherwise inter-
fere with the surfactant. Builders also
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provide in the washing soluticn a
source of alkalinity which is necessary
for cffective soil removal. The sur-
factant acts as a wetting agent, which
helps to float off dirt from fabrics,
The detergent action of most current
surfactants, such as the widely used
linear alkylate sulfonate (LAS), is
poisoned by unsequestered hardness
ions. Antiredeposition agents help to
keep dirt—once it is removed from the
fabrics—in suspension.

Phosphates are excellent builders for
detergents, cxcept for their detrimental
cffects on the cnvironment. Phosphate
detergents perform well in soil re-
moval and have a good safety record
as far as the phosphate content itself,
although some questions have been
raised about adverse health effects
from enzyme additives. Continued low
level exposure to the enzymes used in
detergents may cause an allergic sensi-
tization reaction in some persons, al-
though there is considerable disagree-
ment at present as to the exposure level
at which this reaction might occur and
the frequency of its occurrence.

The search for phosphate replace-
ments has not as yet turned up any
widely accepted substitutes, despite re-
search efforts in the detergent industry
and in some independent laboratories
under contract to EPA. So far replace-
ment efforts scem to be following one
of two directions. The approach
favored by the large detergent manu-
facturers is to look for a new builder
that has properties similar to phos-
phates, The favorite candidate for at
least partial replacement of phosphates
was NTA, which was increasingly used
in some products last year as large
quantities began to be available from
suppliers.

As of 18 December, however, the
industry agreed at the request of the
Surgeon General to “voluntarily” sus-
pend usc of NTA pending further
tests, The request was based on a re-
port from the Mational Institute of
Environmental Health Science (NIEHS)
that NTA may have a teratogenic ef-
fect in combination with a heavy metal,
such as cadmium and mcrcury, by
increasing the transmission of these
nictals across the placental barrier to
the fetus, thus increasing the likelihood
of birth defects, NTA is normally de-
graded in waste treatment systems and
in the environment and thereby loses
its ability to combine with the metals.
But NTA does not degrade in anaero-
bic systems such as may be found in
some septic tanks. Since mercury and

1

sr heavy metals occur widely in
L..nty waterways (Science, 26 Febru-
ary, pp. 788-789), there is apparently
some basis for concern.

These preliminary findings were a
major setback to industry plans, Proc-
ter & Gamble, for example, estimates
that it has already spent many mil-
lions of dollars in the development and
testing of NTA detergents, and since
December the entire industry has been
examining the NIEHS experimental
data and conducting its own tests. The
major companies might be expected,
on the basis of substantial investments,
to be reluctant to move on to other
phosphate replacements while there is
still hope for NTA, and in fact both
the large detergent manufacturers and
their suppliers continue to belicve that
NTA is a safe material at concentra-
tions that would occur in the environ-
ment. They expect eventually to go
ahead with NTA as, at least, a partial
phosphate replacement. Apart from its
possible role in the mobilization of
heavy metals, NTA appcars to be a
nontoxic material that performs well
as a detergent builder. Total dcpend-
ence on NTA is unlikely, however, be-
cause the material is hygroscopic and
would tend to absorb moisture from
the air, causing the detergent to cake.

Another potential class of new build-
ers is the polyelectrolytes, principally
derivatives of polycarboxylic acids,
which appear to have good sequester-
ing properties and good washing char-
acteristics and are available at reason-
able cost. The trouble with these com-
pounds is that those tested so far have
poor biodegradability, ."an  cssentiul
property in the gquantities that would
eventually be used in detergents. Other
compounds including various proteins
have been suggested as builders, but
their safety thas not yet been deter-
mined.

A sccond approach toward finding
a nonphosphate detergent—and  the
approach which seems to be advancing
most rapidly at the present—involves
the development of surfactants that
will work without a sequestering agent.
Many of the nonphosphate products on
the market arc of this type. Small
companies—sone of them entering the
detergent business for the first time—-
produce essentially all of these pro-
ducts. The surfactants are combined
with a builder to provide alkalirity
and to improve washing performance.
The nonphosphate detergents on the
market have largely used precipitating
builders—carbonates and silicates—so
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called because they usually com? *
with calcium ions in hard water %,
precipitate as an insoluble residue. The
buildup of this residue on cloth and
in washing machines is apparently onc
of the major potential disadvantages
with detergents which do not use
sequestering builders.  MNonphosphate
detergents of the type now available
have also been criticized for poor
cleaning performance, although pre-
sumably the individual housewife will
be the ultimate judge of washing per-
formance, and so far many of the new
no-phosphate products seem to be sell-
ing well, The large variety of possible
combinations of soils, fabrics, and
water hardness make most laboratory
washing tests—and hence most claims
about washing performance—unreli-
able,

If small companies have the advan-
tage of a lesser commitment to exist-
ing methods and materials so that they
can be more innovative in detergent
formulation, they can also be more
irresponsible, and the products on the
market now include instances of both.
The use of precipitating builders re-
sults in more alkaline detergents. Most
phosphate detergents at normal use
levels—about 0.15 percent solution—
have a pH between 9 and 10.5, where-
as the nonphosphate detergents based
on silicutes and carbonates typically
have a pH between 10.5 and 11. A
few products have been marketed with
high concentrations of mctasilicates—
which arc highly alkaline in contrast
to the more widely used liquid silicate
formulations—and products based on
metasilicates have been reported to
have pH higher than 11. Above pH
11, alkaline substances can apparently
cause gel formation in protein tissue,
making it difficult to flush out any of
the material that comes in contact with
the eyes or is accidently swallowed.
The Food and Drug Administration
(FDA) is beginning to screen new
detergent products for skin corrosion,
eyc irritation, and ingested toxicity in
tests on animals. Under the Hazardous
Substunces Act, the FDA requires all
products alkaline enough to cause tis-
sue damage to carry a warning label
ind_cmifying the caustic substance, al-
though with such a label even very
alkaiine substances can be sold, It was
for violation of this labeling require-
ment that two detergents with high
metasilicate content, Ecolo-G  and
Bohuck, were seized Jast month.

Many industrial detergents are highly
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alkaline, but the major manufacturers
have avoided such products for home
use on the basis that, even with warn-
ing labels, children would inevitably
come into contact with the material,
Some 2000 to 3000 cases of children
swallowing dctergents and other clean-
ing products are commonly reported
each year, so that the trade off between
the safety hazards of highly alkaline
detergents and washing efficicncy,
which generally improves &t higher
alkalinities, is substantizl, By no means
all the nonphosphate detergents contain
metasilicates, however, even though
many of them carry warning labels,

Social Options

Essentially everyone agrees that the
best long-range method for controlling
nutrients in waste water lies with ad-
vanced sewage-treatment systems, Phos-
phates are easily precipitated by the
addition of metal jons such as alumi-
num or iron, and methods for the re-
moval of other nutrients are under
rapid development. But because of the
time lag in getting public financing for
comprehensive treatment systems, many
scientists believe that detergent reformu-
lation to remove or reduce phosphates
is necessary in the short run. It has
been argued, for example by the large
detergent manufacturers, that since the
climination of phosphates from deter-
gents would only cut the input of this
nutrient in sewage by about half, there
would be little to no Improvement in
water quality, Critics of phosphites in
detergents, while admitting that this es-
timate is probably correct in some areas,
point out that such a reduction would
at least help to reduce the rate of
cutrophication in the future, and more
importantly, would help to keep those
lakes that arc now relatively free of
excess algaec from becoming like the
western basin of Lake Erie, which is
largely choked with algae every sum-
mer.

If phosphates ought to be removed
from detergents, then should laws ban-
ning phosphate-containing products by
a specific date be passed? The industry
has argued that antiphosphate legisla-
tion will not help them come up with
replacements, and it is true that re-
placement chemicals need careful test-
ing, as the questions about NTA make
clcar, On the other hand the large
companies—which would be primarily
affected by such laws——have not taken
the lead in developing and test market-
ing no-phosphate products based on

=y surfactants, presumably in part

)

;ause of their large investmeats in
NTA and in current processing meth-
ods. Mational no-phosphate laws would
probabtly restrict the available techno-
logical options too severely, since there
are probably some regions of the coun-
try where phesphate nutrienls are not
a critical problem, but it appears likely
that more regional and local legislation
will be passed.

The replacement of phosphates in
detergents with otber formulations does
appear to involve some trade offs
among environmental quality, safety,
washing pertormance and cost. This
last factor is a significant constraint,
because detergents based on surlactants
alone, for example, would apparently
be possible if about ten times more
product—at a comparable increase in
cost to the consumer—were to be used
per wash,

Altkough there is some concern over
the nutrient input from replacements
products containing nitrogen or car-
bon, it appears that the amounts of
these elements that would be released
into  waste water from detergents
would augment the input from other
sources at most only slightly—about
5 percent for nitrogen, in most esti-
mates—as compared to the 50 percent
relative contribution of detergent phos-
phates. More alkaline detergents, in
the case of products bascd on precipi-
tating builders, do pose greater safety
protlems for home use. According to
the makers of phosphate detergents,
the phosphatc replaceménts-now avail-
able are inferior in washing perform-
ance, and it is not yet-clear whether
they will satisfy most users—is whiter
than white necessary, or will simply
clean do? Although there scems to be
no perfect answer, it might well be
that regional marketing of products
tailored to a given watershed—an iden
that appears to horrify the industry
because of the complexitics involved
and the greater expenses that the lack
of a national market entails—would
help to minimize environmental im-
pact of detergents until adequate waste
treatment systems are available while
retaining maximum flexibility for the

consumer.—ALLEN L. IamMmaonn
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Eutrophicatien of Lake Water Microcosms:

Phosphate versus Nonphosphate Detergents

Abstract. The eutrophication potentials of a phosphate-containing detergent
and two phosphate-free detergents, as determined in oligotrophic algal micro-
cosms after activated sludge treatment, were not significantly different, All acti-
vated sludge effluents, including those from detergent-free waste water, lowered
the algal diversity of the microcosms to about the same extent below that of the

lake water controls.

In their concern for the environment,
federal and local legislators have intro-
duced a deluge of bills aimed at con-
trolling various pollutants. In particular,
the detergent industry has been pres-
sured to eliminate phosphates from
detergent formulations, Some observers
have expressed concern that excessive
emotion and precipitous action may
lead to inefiective and toxic detergent
formulations (7), and yet the rush to
pass new legislation continues.

Eutrophication is a surface water
problem that has reached widespread
proportions (2). Although there is
some argument about which nutrients
are the causative agents in cutrophica-
tion (3), many ecologists, limnologists,
and environmental engineers agree that
control and elimination of sources of
phosphorus can control "the nuisance
blue-green algae blooms which often
accompany eutrophic conditions in a
lake. In pgeneral, only 50 percent or
less of the total phosphate in lakes en-
ters through domestic waste water (4);
this source is, however, thc one now
receiving most  attention.

Present-day domestic waste  water
contains about 10 mg of total phospho-
rus per liter, and one-half to two-thirds
of this amount is from dJetergent phos-
phates (5). Thus, even with the elimi-
nation of detergent phosphates, about
3 to 4 mg of phosphorus per liter would
remain in cffiuents from domestic waste
water treatmeat plants, since conven-
tional treatment generally does not re-
move much phosphate. Therefore, the
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real question is: Would a 50 to €0

"percent reduction in phosphorus con-

centrations in domestic waste water
significantly reduce the euirophic con-
ditions in our lakes?

I here report some direct experi-
mental evidence indicating that the
elimination of phosphates from deter-
gents would make no significant im-
provement in eutrophic conditions in
the jake receiving the resulting waste
water efiluent. The microcosm algal
assay procedure developed by Mitchell
and Buzzell (6) was used. The ecologi-
cal significance of the various waste

/y\,(,/ T} A Lt’)’(

//x-al’

of the resultm;3 alga! dxverslty calcu-
lated as Shannon’s diversity index (7)

l’;:——.‘:P(!ngl

where P, =n/N, n; is the population
of the ith species, and N is the popu-
fation of the total community. The in-
dex ranges from zcro for unialgal pop-
ulations to unity for very diverse algal
communities,

In geperal, the diversity of a lake's
algal community diminishes with eu-
trophication (&8). Thus, oligotrophic
lakes would probably have diversity
indices of from 0.7 to 1.0, and, as the
lakes become eutrophic, the diversity
index would drop to 0.3 or less.

Three detergent formulations were
chosen for this study from storc shelves
to give a wide range of composition
(Table 1). Product | was a phosphate-
containing anionic surfactant formula-
tion. The other two detergents were
phosphate-free formulations, with non-
ionic and anionic’ surfactants. Bolh
products 2 and 3 have been extensivzly
advertised as “ecologically safe” for
the environment. )

A synthetic waste water was pre-
pared whose composition was based
on- the glucose-peptone waste water
designed by Wiener (9) to model do-
mestic waste water in activated sludge
treatment, but with the .inclusion of
a bicarbonate buffer in place of the
phosphate buffer. A stock solution of
the. synthetic waste water was made
up to | liter deionized water.as follows:
16.0 g of glucose, 16.5 g of peptone,
2.5 g of urea, and 10.Q g of sodium

waters tested was assessed in terms bicarbonate for bufiering. The syn-
Teble §. Composition and properties of detergents.
: Detergent
Characteristics
1 2 3
Ingredients (%6 by weight)*
Anionic surfactant 18 M
Nonionic surfactant 2 11 2
Sodium tripolyphosphate 50
Sodiem carbonate 65 21
Sodium silicate solids (from liquids) 6 8
Sodium metasilicate pcmahyd'ale 21
Sodium chleride 45
Sodium sulfate 14 4
Sodium carboxymethyl cellulose (65% pure) <1 s 1
Water 10 10
Brighteners, perfume, etc. (estimated) <1 <1 <1
Properties

Loose density (g/cm®) 0.33 1.04 0.85
Solution pH in the concentration used 9.7 10.8 113
Aikalinity (% Ma,0)1 9.6 42 19
Recommended amount {cups) 1V 14 1
Grams per wash load o8 123 201
Solution concentration for the recommended

amount of detergent (% by weight) 0.15 0.1% 0.31

® Values are based on analyses of purchased samples carried out in

laboratory, + Titration to pH 4

the Monsanio delergent
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Algal diversity index
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0 2 4 5 [
Time {weeks)

Fig. 1. Diversity indiced of microcosms
receiving 10 percent treated waste water:
unit 1 from phosphate-containing deter-
gent; unit 2 from nonphosphate nonionic
detergent; unite3 from nonphosphate an-
tonic detergent; unit 4 from waste water
with no detergent.

thetic waste water was prepared by
diluting 10 mi of the stock solution to
1.0 liter with tap water, The final con-
centration of phosphorus was about 3
mg/liter (from the peptone), corre-
sponding to domestic waste water with-
out detergent phosphates. A synthetic
waste water of this type may be more
readily biodegradable than domestic
waste water and hence may yield more
inorganic nutrients in the treated effiu-
ent. However, the data in Table 2 do
not support this cxpectation, This con-
clusion is based on the results of an
experiment in which four activated

sludge units (1.5 liters of total mixed {
liquor volume) were fed the synthetic
waste water, with or without the de-
tergents, on the 24-hour semicontin-
uous operation schedule recommended
in the Soap and Detergent Association
test procedure (10). The detergent con-
centrations (Table 2) were selected to
approximate the concentration of con-
ventional household detergents in the
average domestic waste water and were
based upon the amounts recommended
for use by the manufacturers (Table
1y.

Table 2 shows analyses of the daily
effluents from the activated sludge
treatment. Bath. unit 1, treating the
phosphate-containing detergant, and
unit 4, the control with no detergent,
had an average soluble inorganic car-
bon (SIC) content of a2bout 9 mg/
liter and an average pH of 7.4. In con-
trast, the cffluents of units 2 and 3,
treating the detergents without phos-
phate, contained almost twice as much
SIC as the treated waste water and
had pH's about 0.5 higher. The ftitrat-
able alkalinity of the four effluents
showed this same trend. All the efflu-
ents had approximately the same solu-
ble organic carbon (SGC) content, 5
to 6 mg/liter, an indication that none
of the detergents hampered the biodeg-
radation of organic carbon com-
pounds by the activated sludge micro-
organisms.

Predictably therz were no signifi-
cant differences in the amounts of
ammonia and nitrate nitrogen in the
effluents, and there was no significant

Table 2. Activated sludge trcatment of detergents

Activated sludge unit

Characteristics
1 2 3 4
Influent
Detergent formulation 1 2 3 Control
Detzergent added (mg/liter) ® 60 87.5 146 None
SIC (mg/liter) § 11 16 15 10
SOC (mg/liter) t 95 108 86 90
Effluent
SIC, average (mg/liter) 9.5 18.8 17.2 8.7
SIC, difference (mg/liter) § 0708 102 =09 85210
SOC, averzge (mg/liter) 6.4 4.9 5.5 52
SOC, difference (mg/liter) 13208 — 0207 02059
N, average (mg of N per liter) 12 12 1.2
NO,, average (mg of N per liter) 9.5 110 16.0
NQ,, difference (mg/liter) 08+13 085+10
PO,, average {(mg of P per liter) 2.8 0.5 0.7
PO,, difference (mg/liter) 2.1 +0.5 0202
pH, nverage 7.4 7.8 19 73
pH, difference 0+02 05%01 C.5 % 0.1
Alkalinity (meq/liter) |}
TopH 7 0.17 0.40 0.28 0.20
Total 0.91 2060 1.51 0.75

* Based on the amounts recommended for use by the manufacturer.
or soluble organic carbon in centrifuged samples (Beckman carbon analyzer model 915).
eges based on 19 to 20 samples over & 12-week period,

t Soluble inorganic carbon
1 Aver-
§ Differences from the control were

calculated individually for each sampling, averaged = 2 stzndard devirtions from the arlthmetic

mean,
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{{ Amount of acid needed to titrate a sample to pH 7 or to the breakpoint near pH 4.8 to 5,

ible 3. Characteristics of Table Rock Lake

. ater,
Characteristics Initial
value
pH 14
Soluble inorganic carbon .
{mg of C per liter) 12
Soluble organic carbon
(mg of C per liter) <2
FO, (ug of P per liter) 0
Total P (ng cf P per liter) <10
NO, (ug of N per liter) 0
NO, (ug of N per liter) 50
NH; (ug of N per liter) 0
Total algac (cell/mi) 199
Alga! penera 17
Diversity index 093

difference between the effiuent phos-
phate concentrations of unit 2 and that
of the control unit. As expected, the
efluent from unit 1 contained about 2
mg more phosphate per liter than the
control unit.

Effluent (600 m! secttled but not
centrifuged) from each of these acti-
vated sludge units was added in dupli-
cate to laboratory microcosms pre-
pared from mud (0.5 liter) and water
(5.4 liters) taken from Table Rock
Lake, an oligotrophic impoundment
in southwestern Missouri. The initial
characieristics of the lake water are
given in Table 3. To maintain natura!
diversity 250 ml of the lake water was
withdrawn and replaced with 25 ml of
the respective effluent and 225 ml of
fresh lake water, with its natural algal
community, every 2 weeks, The control
microcosms were made up with 0.5
liter of mud and 6 liters of lake water
and were replenished with 250 mil of
lake water. ’

The diversity indices of the micro-
cosms are shown in Fig. 1. Each point
represents the mean of the two du-
plicates. The difference between the
two values was never more than 0.2 and
was usually less than 0.1. The Ilake
water controls developed rather stable
algal communities with diversity indices
between 0.5 and 0.6. This is below the
0.7 vaiue for oligotrophic lakes but
well above the 0.4 value for eutrophic
lakes, The fact that the microcosm al-
gal community was not as diverse as
the lake community can be altributed
to the differences betwcen conditions
in the laboratory and those in the
natural environment. The diversity in-
dices of microcosms receiving the ac-
tivated sludge effluents were consid-
erably lower than that of the lake water
control (98 percent confidence level,
t-test). The effluents from activated
sludge units 2 and 3 caused even lower
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diversities than the effluents from us
I, but the differences are significd
only at the 95 percent confidence level.

All the waste water microcosms de-
veloped  eutrophic  conditions, with
growths of blue-green algae well in ex-
cess of 1000 cell/ml, predominantly
Phormidium accompanied by two to
three other algal genera. The concen-
trations of algae in the lake water con-
trols remained below 500 cell/ml with
the green algae Staurastrum and Ankis-
rodesmus often predominating, accom-
panied by 7 to 12 other species.

On the basis of these results, it is
evident that domestic waste water will
produce eutrophic conditions in receiv-
ing waters. However, the data are not
in support of ‘the often stated position
that the simple elimination of the phos-
phates from detergents will significantly
decrease the rate of eutrophication
caused by the resulting waste waters.
Furthermore, the data show that the
“ecologically  safe,”  high-alkalinity,

high-carbonate detergents offer no im-.

proveriaent.

Sabstitution of untested dctergent
formulations of this sort may appear
to be an easy way out politically, but
there is no indication that this tech-
nique will reduce eutrophication. Eu-
trophication may actually increase as
the result of additional alkalinity, which
would be stil! another factor added to
our overall pollution problem. A much
more effective idea would be the con-
struction of facilities for the removal
of all nutrients from waste waters in
those areas where algal control is a
problem.

Dee MITCHELL
Monsanto Company,
St. Louis, Missouri 63166
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lism of Abscisic Acid

Abstract. Unlabeled and 1iC-labeled enantiomorphs of abscisic acid (ABA)
were obtained through ccetylcellulose chromatography and tested as inducers of
abscission, es inhibitors of secd germination, and as cntagonists of gibberellic
acid-induced synthesis and release of a-amylase. The activity of the R isomer
was either equal to or less than that of the naturally occurring § form. Greatest
differences were in the inhibition of root-related growth. In excised beam axes,
although upiake of S-["CIABA is [aster, the interral concentration of R-ABA
is higher because of faster conversion of S-ABA to inactive metabolic products.
In axes a reversal in chirality is less important to the physiological action of

ABA than 1o its metabolism.

Abscisic acid (ABA) has been im-
plicated in the regulation of a host of
physiological responses in higher piants
(I). Apparently the § isomer is the
only naturally occurring form, but the
cther enantiomorph can bz obtained
by resclution of the synthetic racemate
(2). This makes ABA the only opti-
cally active plant hormone for which
both enantiomorphsg are available. The
only record of the relative effectiveness
of these enantiomorphs consists of a
statement by Mitborrow to the effect
that R- and §5-ABA gre equally active
in inhibiting the coleoptile growth
of dissected wheat embryos (3). We
report a new procedure for the resolu-
tion of RS-ABA, the synthesis of H-
[2-14C]- and 8-[2-UCIARA, and data
on the relative effectiveness, uptake,
and metabolism of these optically ac-
tive substances.

RS-ABA can be separated from the
accompanying frens analog obtained in
the synthesis of Roberts et al. (4) by
crystallization from ethyl acetate-tolu-
ene (1:3). Resolution is achieved in
two steps; enantiomorphic enrichment
on an optically active chromatographic
column and selective sclubilization of
the optically active component with a
hydrocarbon sclvent containing a low
percentage of a hydrogen-bonding com-
pound (5). Chromatography of 80 mg
of RS-ABA on a column of acetyleellu-
lose (Woehim) and elution with 3.3 per-
cent ethancl in toluene in subdued light
at 4°C leads to about 5 percent enanti-
omorphic enrichment, The 8§ tsomer is
cluted first, Exiraction of the combined,
enriched fractions from several runs
with 2.5 percent n-butanol in isooctane
(by volume), thin-layer- chromatog-
raphy on silica gel GF,;, with a ben-
zene, ethyl acetate, acetic acid system
(50:5:2), to remove accompanying
trans-ABA, yields crystalline 8- and
R-ABA of optical purity comparable
to that obtained by Cornforth et al.
(2).

S{2-MCJABA and R-[2-1"C]JABA
were synthesized by the same proce-
dure as that used by us for BRS-{2-14C]-
ABA (6). BS5-1-Hydroxy-4-keto-a-io-
none (4) was partially resolved on ace-
tylceliulose columns with 3 percent eth-
anol in toluene at 4°C, yielding enriched
S isomer in the material eluted first. Ex-
traction with 7 percent n-butanol in
hexane {by volume) yielded oils that

100,
80

€0

160;

Inhibition {fresh weight)

0

ABA (ug/ml)

Fig. 1. Effect of ABA enantiomorphs on
shoot and root growth of germinating bar-
ley seeds, Hordeum vulgare (var. Hima-
laya). The sceds were incubated in the dark
st 26° 10 27°C for 55 hours in 0.01M Hepes
buffer pH 7.1 with 50 ug of chlorampheni-
col per milliliter. An averoge of 20 seeds
was used per assay, and germination was
close to 100 percent even in the presance
of ABA. Shoots and roots were removed
from the szzds, and their fresh weight was
determined. O, S-ABA; X, RS5-ABA; ©,
R-ABA.
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