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In order to more effectively serve
the educational needs of commer
cial agriculture, including floricul
ture, organizational changes were
needed at the county level. The pur
pose of the talk is to review these
changes and the results realized.

Regionalization of the Massachu
setts Cooperative Extension Service
educational program for commer
cial agriculture developed from two
groups of factors. One group con
cerned the agricultural revolution,
urbanization, and increased com
plexity of the economy which re
sulted in more intricate farming op
erations and required more sophis
ticated educational assistance from
County Agents. The other group
was relatedLto criticisms of cost of
government, and lack of under
standing by legislators and others
of what County Extension work is
and does, together with the opinion
that Extension was not adjusting to
changes.

Farmers bypassing agents, inade
quate and unequal agent workloads,
inability to pay salaries which
would command needed competen
cies, the autonomy of County Ex
tension services, and reorganization
and consolidation at the University
were other factors.

In developing an approach to
these problems, it was necessary to
conduct studies of the types of
farming concentration and agent
workloads; determine how the state
should be divided into regions; re
late the staff and their locations to
needs in the region; and develop a
graduate program to increase agent
competency.

Support for changes was obtained
from farm organizations, County
Commissioners, and Boards of
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*Associate Director of Extension,
University of Massachusetts, Am
herst, Mass. This is an abstract of
a talk presented at the Massachu
setts Flower Growers' Association
meeting held at the University of
Massachusetts October 5, 1965.

Franklin J. Campbell, Editor November, 1965

HEALTH HAZARDS IN GREENHOUSES USING

CARBON DIOXIDE GENERATING EQUIPMENT
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Since 1961 there has been a rap
id increase in the "practice of add
ing carbon dioxide (CO.,) to
greenhouse atmospheres, to pro
mote plant growth (14). Current
sources of carbon dioxide include
pure liquid carbon dioxide, "dry
ice", and the combustion products
from burning kerosene, propane or
natural gas in commercially - dis
tributed burners designed for this
application. Pressurized pure CCX
is admitted to the greenhouse at
mosphere at a controlled rate
through pressure regulators and gas
flow meters. The hydrocarbon
fuels are burned at a controlled
rate depending on the volume of
the greenhouse. Burners and CCX
flow rates are designed to maintain
an atmosphere containing approxi
mately 1000 parts per million
(p.p.m.) C02 during the daylight
hours (14).

Combustion Products

Products from combustion of hy
drocarbon fuels include the follow
ing gases (3,6,10) (Table 1): 1.
unburned fuel gases or vapors such
as propane, ethane, or methane; 2.
intermediate products, unsaturated
hydrocarbons, such as ethylene and
propylene; 3. intermediate products,
partially oxidized, such as alde
hydes; 4. water vapor; 5. oxides of
nitrogen, principally nitrogen diox
ide; 6. oxides of sulfur, principally
sulfur dioxide; 7. carbon monoxide
and carbon dioxide.

The amount of unburned fuel
gases depends on the degree of mix
ing of fuel gas or vapor and air (6).
Intermediate products are indicative
of incomplete combustion (11).
Water vapor content of combustion
effluent gases varies from 44% to
56% of the weight of carbon diox
ide produced. The amount of ni
trogen oxides increases with flame
temperature and with the rate of

cooling of the effluent gases. The
sulfur oxide content depends on the
amount of the sulfur in the fuel.
Carbon monoxide production var
ies inversely with the air supply,
and is increased by flame chilling.

Suppliers of combustion C02
generators have provided data on
the amount of combustion products
in the effluent from their generators
(2, 13). One of the suppliers (13)
provides an analytical service for
growers giving the amounts of un
burned fuel, unsaturated hydrocar
bons and carbon dioxide in samples
collected at the burner flue.

The sulfur content of hydrocar
bon fuels in relation to sulfur diox
ide production is specified in the
operating instructions for the C02
generators (7,11,13). Fuels having
2000 p.p.m. sulfur yield 0.7 p.p.m.
sulfur dioxide in 1000 p.p.m. C02
which can cause plant damage (11).

Physiological Effects of
Combustion Products

Carbon Dioxide — In man, car
bon dioxide regulates the activities
of the heart, blood vessels and the
respiratory system. Carbon dioxide
concentrations of 1000 to 10,000
p.p.m. (1%) can cause headaches
and listlessness (4) while 8 to 10%
can be fatal (4). Other symptoms
of carbon dioxide narcosis are:
mental disturbance, confusion,
drowsiness, perspiring, muscle
twitching, intra - cranial pressure,
bounding pulse, low blood pressure
and low body temperature (4).

Carbon Monoxide — Carbon
monoxide combines with the hemo
globin of the blood, reducing the
ability of the red corpuscles to
transport oxygen from the lungs to
the brain and other tissues of the
body. Prolonged lack of oxygen in
the brain can result in permanent
brain injury (4). For each one
p.p.m. of carbon monoxide, 0.16%
of the blood's hemoglobin is inacti
vated (8). After exposures to low
concentrations of carbon monoxide,
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The glass tubes may be used only
once or twice and cost from $5.00
to $7.90 per dozen, so the frequen
cy of their use is limited. Low lev
els of gases in the greenhouse can
be correlated with high levels of
CO. in the effluent from some of
the burners by other instruments
(19,20,23) which can be used re
peatedly. A carbon monoxide alarm
which is sensitive to low levels (50
p.p.m.) of the gas, is available (24).
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Health Hazards Continued
it may be several hours before ef
fects are detectable. The earliest
symptoms are headaches, nausea,
and dizziness. Exposure to 30
p.p.m. for four to six hours may be
sufficient to pose a serious risk to
the health of sensitive persons,
while a four-hour exposure to 250
p.p.m. of carbon monoxide can be
fatal (10).

Although the effects of severe ex
posures may be cumulative, the gas
itself is not cumulative, but is re
leased from the blood at the rate
of half every three or four hours in
a non-polluted atmosphere (8).

Sulfur Dioxide — Concentrations
from 1 to 5 p.p.m. cause prolifera
tion of the mucous glands, cough,
expectoration, wheezing and chron
ic bronchitis (8).

Nitrogen Dioxide — Nitrogen di
oxide may irritate the lungs, with
the development of bronchopneu
monia following severe exposure
(8). Low concentrations react with
hydrocarbons in sunlight to yield
oxidants (smog) which irritate the
eyes and may cause plant injury (4).

AIdehydes—Increasing aldehyde
concentrations from about 0.1

p.p.m. are associated with in
creased eye irritation in smog-pol
luted atmospheres (8).

Measurement o f Combustion
Products — Commercially - distrib
uted COo generators have been per
fected to the extent that even with
excessive CO. enrichment of the
greenhouse atmosphere the emis
sion of other gases is usually below
the threshold for conspicuous in
jury to plants and humans (Table
I). How far the concentrations of
CO. and other gases can vary with
respect to greenhouse size and con
struction, weather conditions, me
chanical variability of the apparatus,
human error, air supply and fuel
composition is unpredictable. For
this reason it is desirable for the
grower to be able to measure at
least the CO., and preferably car
bon monoxide as well.

For crop safety as well as the

welfare of greenhouse workers it
may be desirable for the growers to
measure, periodically, the concen
trations of several gases (Table 2).
Several companies ("16,17,18,21,25)
offer gas detectors consisting of a
pump which draws a measured
volume of air through an expend
able glass tube containing a chemi
cal indicator for each of several
gases. The range of measurement
of gas concentration depends on the
volume of air sampled as well as
the reaction range of the tube.
Thus it is possible to relate gas
measurements in the greenhouse
air with those taken at the burner
exhaust.

Table I

GASES FROM CARBON DIOXIDE GENERATORS AND
THRESHOLD LIMIT VALUES (p.p.m)

Indoor

Propane
Plant Outdoor Propane Burner

- Injury Human Burner Flue Exhaust

(3, 11, 11) T.L.V.(l) (3, 5, 9, 13) (2, 12)
Methane 2.85
Ethane 0.028
Propane 0.0295 0.20

Ethylene .01 - .1 0.0105 0.10
Propylene .01 - 50 0.0095 0.05
Aldehydes .01 - .1 5

Sulfur Dioxide .15 - .4 5

Nitrogen Dioxide 0.50 - 25 5 "several

p.p.m."(3)
Carbon Monoxide 500 100 50 - 100(5) 50

Carbon Dioxide 20,000 5,000 8% 0.77%

Table II

GAS DETECTORS AND SUPPLIERS

Detector Gases Detected Approx. Price
Scott-Draeger (16,17) Carbon Dioxide

Carbon Monoxide
Nitrogen Dioxide
Sulfur Dioxide
Aldehydes

$85.00

Davis (18) Same as above $9.95 (inch 12 tubes)
MSA (25) Same as above plus

Ethylene and Propylene $80.00
Kitagawa (21) 1 Similar to above $100.00
Dioxor (15) Carbon Dioxide only $78.50
Monoxor (22) Carbon Monoxide onlv $42.50
Saf-CO (26) Carbon Monoxide onlv $25.00
MSA (25) Carbon Monoxide onlv $45.00
Unico carbon monoxide

alarm (24) $125.00
"Fyrite" (20,23,27) Carbon Dioxide, 0.5-20% $38.80 to $63.60
Dwyer (19) Carbon Dioxide, 0.5-20% $37.75
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WHY OUR ASSN. HEALTH & ACCIDENT
INSURANCE* IS AN IMPORTANT PART
OF OUR LIFE

EXPENSES GO ON
WHEN INCOME STOPS

Who are the wage-earners?
American wage - earners com

prise nearly 50% of our entire pop
ulation and 70% of our city popu
lation, thus making up our largest
income group.

They spend about $16,000,000,-
000 a year on clothing; they foot
much of the annual tax bill of about
$50,000,000,000; they spend al
most $1,000,000,000 a year on
jewels and "baubles".

But who are these heavy spend
ers? Into what income classes do
they fall?

They are you and I — those of
us who work for a living—who till
the soil, produce the nation's mer
chandise, sell its produce and
services.

We are the wage-earners! In
deed, we are America!

So long as we are able to work,
we can provide the necessities of
life for those who are dependent
upon us.

If we are unable to work, but do
have money to invest, we may still
be able to provide the necessities
for our families.

Thus we see that either ability to
work or ability to invest can pro
vide income. But what happens
when we can do neither?

The God-given energy and abili
ty to work has been found to be
peculiarly unstable. None of us can
foretell when this ability will be cut
short.

Accident and sickness can wipe
it away in a moment, taking out of
the picture all the dollars which
would have been earned had the
ability to work continued.

And this problem of personal fi
nance can be a real menace to re
covery, if illness or accident inter
rupts one's earning power.

"Primary Insurance"
The man or woman who is buy

ing anything on the installment
plan, whether it be a suit of clothes
or a home, went into the contract
with the idea of paying the install
ment out of future income, and in
practically 100% of the cases this
future income is dependent upon

*By Bernard Miller, Assn. Consul
tant, Continental Casualty Co.

the working ability of the indi
vidual.

An accident or sickness that dis
ables for only a week or two may
be handled out of current savings,
but when the disability extends
through the weeks to come and
there are bills that begin with the
ambulance and include operating
room, anesthesia, surgeon, nurses,
drugs, influx of visiting relatives,
loss of business profits because
you are not there to look after it,
and all the incidental expenses day
after day, it is necessary to draw
heavily upon resources from some
where.

That's when the Health and Ac
cident policy ceases to be just a
"piece of paper" and becomes "pri
mary insurance."

Five reasons why our members
should carry the Primary Insurance
made available to them by the
Association's Board of Directors:

1. Accident and Health Insur
ance will provide ready cash
when disability strikes.

2. Accident and Health insur
ance can provide the money
with which to pay the doc
tor, hospital and medical
bills.

3. Accident and Health Insur
ance can provide "freedom
from worry" — the worry
that comes when income is
interrupted.

4. Accident and Health Insur
ance can influence recovery
by putting one's mind at ease
and removing the financial
burden.

5. Accident and Health Insur
ance can be a source of com
fort when one is in perfect
health, for he knows he is
properly covered with "just
in case" protection.

The Primary Need
The man or woman who has a

very limited income needs just as
much Accident and Health Insur
ance as he can carry, consistent
with his income, for loss of wages
may leave the individual totally
without funds.

On the other hand, the person
who has a fair income and is buy
ing a home; is making payments on
a new car; has invested in Life In
surance; and is trying to build a
business and bank account, has all

(Continued on Page Pour)


