e

MICHIGAN
STATE HIGHWAY DEPARTMENT
Lloyé B. Reid
State Highway Commissioner

DISCOLORATICN PHERCMENCH IN
BEADED REFLECTORIZED HIGHWAY

SIGN MATERIALS

By

C.C. Bhodes

Research Project 42 G-19 (2)

Research Laboratory
Testing and Research Divigion
Report No. 42
danuary 10, 1943



January 10, 1943

We W. McLaughlin

Teating and Research Enginser
Stete Bullding

Lansing, Michigan

Dear ¥Mr. McLaughlin:

For the information of the Mainbemance Division there is
submitted herewith a report from the Researcﬁ Laboratory, Testing
and Research Division, lMichigan State Highway Department, containing
a survey and sclentific analysis relative to a discoloration phenome-
non which has reéenﬁly_appeared throughout a special installation of
highway reflectorized signs located on M-78 between Chaflotte and
Battle Creek. |

The investigation disclogses the fact that certain types of
beaded reflectoriged sign materials‘are eapable‘of sustaining fungus
growths under proper comdiiilons of tenperature and humidity. This
phencmenon is evidently an inherent wealkness of.the reflectorized ma-
terials which, to our knowledge has not been known Lo exist before,
and naturaily has not been correéted by appropriste specification re-
quirementslpertaining to the reflectorized sign materiél iteelf, or
to the preparation of the sigﬁ base snd subseguent insgtallation of the
reflectorized sign maiterial to the bage.

Tt is o be nobed that although the fungus growbhs do nob ma—

terially reduce the effectiveness of the gigns at night, they are very
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ﬁnsightly in the daytime and greatly.impair vigibility by loss of con-~
trast with the roadside background. Since it is not practical to re-
move the fungus grovth by cleaning metho@s, the contaminated signs will
have to be replaced sventually at an economic loss to the State.

Dr. W, L, Mallman, head of Bacterioleogy Pepartment at Michigan
State College, hag collaborated with the Resesrch Laboratory in the
study.

In this report we briefly sketch the problem as it exists to-

- gether with the results of our findings and rscommendations for safe

guerding against the occurence of fungus growths on future Insgtailations

of reflectorized highway signs.

Very truly yours,

E. A, Finney
Asgistant Testing and Resgearch
Engineer in charge of Research
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DISCOLﬁRATION PHENOMENON IN BEADED REFLECTORIZED EIGBWAY
" SIGN MATERTALS ,

During the month of December 1941, & test section of highwey
merking signs was established by the’Tréffic and Safety Division on
highway M-78 between Charlotte and Battle Creek. The signe were made
of 5/4 inch plywoodlupon which was mounted a reflectorized sipn ma-
terisl called ¥Secotehlite". A few signs coated with "Prismo" paint
and beads were also installed in the same test area for comparative
study. |

A recent survey condﬂctéd'in Noverber 1942 has revealed that,
almost without exception, the Scobehlite signs in this area have deve-
loped dark spoté over thelr entire surface. See Figure_l.A The gpots,
illustrated more clogely in Figure 2 part,A,'and microsgcopically in
parts B and C, are roughly circular in shape, and about 1/16_%0 5/16
inches 1n diameter. The edges of the spote are not sharply defined
but shade off gréaually from the centéé, The surface between the gpots
hes also taken on & dark and dirﬁy{appeéraﬁce,

On November 31, 1942 a sample sign wa.s submi{ted by ¥r. G. E.
Shuttleworth, Traffic Sign Engineer of the Maintenance Bivi;ion to the

Resgearch Laboratory for analysis and report. The resulte of the study

together with some recommendations for eorrective treatments are incor-

porated in the text which follows.

THE INVESTIGATION

Ags a preliminary step to aid in the determination of the nature

and source of the blemishes, an attempt was made to remove the spotg by
meang of various cleaning methods and chemical reagents. Cleaning the
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surface with soap and water lightened the background but did not re-
move the spobs. Cleaning agents like tri-godiuvm phosphate and scrub-
bing with soda and Bon Ami, also the use of variodus organie solvents
including kerosene, acetone, xylol, and alcohol fziled to remove the
discolqration, Too long application of colvents or persistent serub-
bing with sode and Bon Ami not ernly removed the spots, but also most
of the gless beads. |

Some of the darker areas were treated with concentrated ni-
tric acid, which lightened the spots somewhat. Whén observed wmder
the microscope at a magnification of 80 diameters, the foreign mater-
izl appeared to consist of a network of reotlike fine sgtringy threads
of cell‘strugture, evidently plant growth. {(See Figure 2, B and C.)
Since the material of such gréwth is essentially cellulése and lignin,
an oxidizing treatment was indicated. By using a solution of potassivm
permanganate elternated with application‘of sodium acid sgulphate the
gpots were removed. Howevér, this treatment also loosened quite a
namber of glass beads, which means that such a.cleaning method would
necessarily require close conbrol in order to aveid excessive deterio-
retion of the bonding material. Another oxidizing treatment, suggested
subgequently, and which was also carried out in this laboratory, will
be discussed later.

Having established the fact that the spots were the resuli of
some kind of mold growlh, samples of fthe material were submitte&lto
the Bacteriological Department of Michigan State College for culiure to

determine the particular veriely or varietdes of fungus present. The

result was highly interesting and photographs of two representative
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substrate, they first secrete enzymes into the substence to dissolve
it. Many types are thus capable of breaking down and dissolving such
compounds as proteinsg, starch or celluloss. ©Some forms reguire only
an orgenic gource of carbon, but growth in any case is impessible
without é substrate which is at least parﬁially organic.

These considerations immediately suggested a closer scrutiny
of the enviromment in which our molds were foumd. Further inquiry into
the history of thig psrticular groﬁ@ of signeg brought to light several
pertinent and highly significant facis. As mentioned earlier, the base
of these signs consisted of regular %/4 inch plywood. This meterial
was not pretreated in any wey although the glue was of the "waterproof!
type such ag has been used in more recent insvallations. The usual
treatment of the plywood bage prior to mounting the béaﬁed material
congists of a light prime coat of white lead paint and turpentine
followed by a heavy:applicatien of black paint (M.2.H.D. specification
17-B). Due to laé% of time for preper preparation, these signs were
ingtalled with only the light prime eoat under the rgflectorized fabric.
Tt should be nobed too, that the beaded meteriel wes cub right to the
edges of the plywood backing without being gealed, instead of leaving a
margin between fabric and base for sealing with transperent resin.
Signs which have received standard treatment and ingtalled in other lo-
cations throughout the State of Michigan wefe foﬁnd during & recent
survey bto be in good conditien.

Examination of the headed material itself indicates that it
iz composed of a kind of paper, gized and painted, upon which is super-

imposed a thin layer of transparent resin, which in turn serves ag a



ﬁatrix or bed for the small glaes beéds. The back of the fabric is
coated with an adhesive for permanently atitaching it to the base ma-
terial of the sign.

On the other hand, "Prismo" signs are made by simply lacguering

the painted or enameled face of the sign and sprinkliing the glass beads

over the gurface before the lacquer dries. In this cese the clear lacquer

 serves as a bonding material for the beads. Prismo signs were apparent-
1y free of contemination in the test area;

In order tc determire the relative availability of the various
sign materials as a fungus mutrient, a further serieg of culitures was
nmade. The specimens for this test consisied of reflectorized material
both unmovnted and mounted on metal strips, thus eliminating any effect
due to the wood bage of the sign. Prismo and Decal types were moumbed
on metal only. After dusting with mold spores, the specimens wers
stored under favorable conditions of temperature and hmidity for ap-
proximately two ﬁ;eks. The photographs, designated bj figures 4 to 10
inclusive, represent the state of fungus growth at the end of the two
week period. The dark and shadowy areés in the photographs represent
fungus growths. The different matefials are identifiéd as follows:

Figu:e 414 Scotchlite White Steel, mounted

Figure 5--1-B ° Scotchlite Silver Unmounted

Figure 6--1-C Scotchlite White Unmounted

Figure 7—1-D  Scotchlite Yellow Steel, mounted

Figure 8-22-A  Prisio White . Steel, mounted
TFigure 9=-3- Deeal White  Steel, mounted
Figure 10--5-B  Decal Yellow Shesl, mounted
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The gignificant fact to be noted from this study is that the Scotchlite

fabric, both mounted and ummounted, is favorable to fungus growbh.
Charscteristic spots have developed over the surface similar fo thogs

A : found in the field, while the Prismo material 1s apparently untouched.

.. Mold.growth is alse present on the Decal samples thereby indicaﬁing the
- possibility of contamination in the field. The nutrient of the fumgus,
theﬁ, is provided by the material of the beaded fabric itself; and is

independent of the ﬁype of bage employed. |

fince moigture is the other prime requiéite of growth, the
type of base material and its pretreatment, (priminé, painting, etec.),
is wndoubbedly of critical importance in this case. HNetal does not

sbsord and retaln amounts of water sufficlent to maintain optimum con~

ditions for fungus growth. Wood which is properly treated prior to
installation, that ié, thbroughly primed and painted to prevent infil-
tratlon of moilsture, mey also be a suilable material, since i1 hss been

found bthat SignsfSO treated have resisted invagion by the mold thus far.

CLEANING METHODS

@ncerthe sign has become overgrown and spotted with mold, it
‘is very difficult to restore it by ordinary cleaning metbods., Oxidizing
treatments remove the spots, but do not offer a satisfactory service
cleaning method for two reasons, the first of which is the danger of ex-

cessive deterioration of background meterial since the reagent attacks

the substance of the fabric as well as the mold. The second objection
is that prolonged saturation is necessary to completely eradicate the .

blemighes and this method is not feasible in ordinary shop practice. A

series of tests was performed using Chlorox as the oxidizing agent applied’

-
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fér various perilods of time.

Photographs of thé cleaned specimens are shown in figure 1),
wherein A designates the original material, while B, €, and D show the
result of 3, 50 and 60 minute applications respsciively by immersing
specimen in a Chlorox solution. It;;s evident that applications for
periodS'uﬁder'one hour failed to do the jobm;;mplétely, although the
material was brightened appreciably, and such a treatment may be worth-
while ag an emergéncj‘measure pending replacement of the signs. It is
of prime importance, therefore, that atlention be given to preventive,

rather than corrective neasures.

- PREVENTATIVE MEASURES

Although, from experiénce 50 far, it appeérs tﬁat a good paint
job or the plywood bass mey be adequate to prevent recurrence of this
phenomenon, 1t is our opimion that some inhibiting fungicide should be
incorporated in bath the prefabricated rgflectorized material and the
plywodd. There are quite é number of fungicides available commercially
at the present time. These may be divided broadly into two classes, (1)
the water-soluble metallic salts, mostly zinc and copper compounds and
CE), oilmsoluble orgﬁnig compounds, usuAlly phenol derivatives. The
latter group are: to be preferred for our work, since their use doeg not
require a drying or seasoning period for the wa@d'following.impregnation,'
and the oil or oil-like solvents used as a vehicle not only promote more
rapid penetration of the active ingredients, bubt aleo resist_leachigg and
aid considerably in Waterpreafing_the wood. They are all safe to handle

and leave g eclean, paintable surface.

- T o
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Fungicides of this type may be obtalned either in a ready-mixed
form as a proprietary proﬂuc%, such as "Wood Life! of the Protsction Pro-
ductes Company of Kalaﬁazoo,AMichigan, or ag a dry powder or flzke tq be
mede up into séluiion as regquired. The "Dowicides" of'the Dow'Cheﬁical
Company, "Dowicide G" being particularly reqemmendeé, are examples of‘
the latter and may be made up according to several different "Permatoll
formulas developad by the Western Pine Associétion. Thege formulas may
be used without royalty or licenge and specify the various quantities of

of the dry material to be disgolved in given amounts of penstrant and

“spreader solvents.

The solution may be applied by spraying, brushigg_cr_@ipping,
although the firgt two methods give oﬁly a guperficlal treatment. The
method of application depends upon the degree of penetrétion required,
but for ﬁest results should consist in immersion of the wood in the
fungicide golution for & period of from three to thirty minutes. The

dip may be hot oﬁjcold, but the temperature range is limited to about

© 100°F beczuse of the comparatively low flash point of the solvents em-

nloyed.

In some instances it may be possible %o purchase pretreated
plyweed materizl. Most lumber co@panies now apply preservatives of
this type to exposed millwork. If so, a simple nethod may be to spray
or brush the solution upon the cubt edges of guch materiel in our om
shops before applying the pain£ coats,

Specifications governing the method of treating, depth of "
penetration, and quantity of toxicant absorbed by the wood product

are equally necegsary in order that sufficient preservative may be

B -
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iﬁcorporated uniformly to the requiféd depth in the various products so
treated. An excellant preservative may be made ineffective by hurried
or‘improper tfeatment, resﬁlting in shailow penetration and light ab-
sorptlion which, in tu:n, give 1lnadequate protection to the treated wood.
The prefabricatéé reflectorized meterial itself should be im-
pregnated with a suitable fungicide during the mamufacturing process, and
the proper treatment of such materials is a problem which must be solved

by their respective manufacturers.

- SUMMARY AND RECOMMENDATION

The salient points in the foregoing discussion mey now be

briefly‘summarized: |

1. The blemishes on beaded reflectorized signe, in
service for one year, wnich were submitied by the
Maintenanee Division, are the result of fungus
growzh_or nold.

2 Oﬁ the;two ty?es of beaded material installed in
the test areé; the prefzbricated material "Scotch-
1ite" only was affected,

3. Two conditions prevalent in highwéy signs essential
for fungus growth, are, nutrient and moisture.

4. Scotchlite supplies nuﬁrient,‘Prismo dees not.

5. Inpufficiently protected wood supplies, molsture,
metal and properly pzinted wood apparently do not.

6. Ordinary cleaning methods cannot be used to restore

the signs, and oxidizing treatments are not feasible

-0 -
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as a roubtine sgervice method,

|
- l The following recommendations are submitted as a guide in the
| future installation of reflectorized signs.
| _

1

e

1. Waterproof glue should be wused in the febrica-

tion of the plyweod.

f 2, When plywood ig used as a bage, the entire sign

) should be subjected to a preservative trsatment

with a fungicide solution prior %o painting and
mounting of the reflectorized material.

5., In addition to the preservative itreatment the
plywéod base should be well primed and painted
to prevent absorption and retention of moisture.

4. Beaded reflectorized materdisl should be mounted
in.such a‘waynthat s margin of at least 1/8 inch
remaing between the edge of the material and that
of fﬁe plywoed base for the purpose of sealing.

"B, Prefabricated reflectorized material should be
impregnated with & switable fungicide during the
manufacturing process irregpective of what pre-
servative treatment the sign base may receive or of
what material the sign base may consist.

§. Al11 exiéting reflectoriz8d highway signsg made with
plywood should be periodically inspected and painted

. to prevent abnormal deterioration.

7. It mey be argued thal the signe on M-78 have failed

primarily because of improper installatlon practice

- 10 -
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ahd thus a2 eimilsr failure will not occur else-
where, Such opinien is based on the fact that

a0
similar failure hasﬂoccurred in other installa-

tiong in Michigan which, it is understood, have
received adequate painting treatment prior to
applying the reflectorized material, However,

we must nwot overlook the fact thalt these other

installations with weod bages have beer 1n ser-
~ vice léss.than g yeer and therefore we have no
pogitive aspurance that they will continue %o
a normal gervice life Withoﬁt‘contamination of
this character, CGCensequently, in view of the

facts set forth above we believe that the sever—

al precautlonary measures outlined above are’

£
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justified and should be carried out on all fu-
3 turé-sign ingtallations in which & prefabricated

reflectorized sign material is used.
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