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Due principall1 to wartlma condi tions, the .carci ty 01' agar
ha. created a need tor a .ubstitute _terial. A po.sible .ubstitute
i. t e mucilage or gelose obtained from an alga, Chondrus cri.pu••
This grow. in large quantities 1n the water. or the east coast 01'
Canada parcicularly around Prince ard Island. It is harve.ted
b1 raking d then drled in the sun. 1(0.. once dried is known ..
black mo.8 or unbleached mos.. en soaki in water and leaving
the mo.s expo.ed to the sun, bleachin occurs and a light brown
or ere.. colour i. produced. This is the product principall,.
des1red tor cOllllllerc1al use,

Bleaching and drying is carried out near the point of
collection b1 the harvester, or sOUleti_s, after b ing once dried,
it is sold to one of the larger dealers who bleach it themselves
before export. SOIIl8 is sold as black moss.

A variet,. of _tho.1s are used for bleachi and drying. The
main ditferences between them are in to=- of apparatus for sua­
pension, trequenoy 01' wetting and t7P8 01' moistening solutlon.

cope of Inveatigation

In this investigation, variatIon in (1) apparatus for su.­
pension, (2) condition ot moisture, (3) oistening solution and
(4) temperature, light and weather conditions were studied to
deterIrlne the optimum conditione tor natural drying and bleaching.An,. etrect on the gelose wa. as.umed to be Indicated by viscosit,.
measurement.. Ilo.s waa alao blsached under gla•• and in the lab­
oratory b,. ans of ultra violet light and a General Electric
drying lamp of 250 watt., ua1ng a thick su.penalon .tirred with
a _chanical .tirrer or by bUbbling air through it. For natural

1ing and bleaching, board, celll8nt and wire tra,.••ere used tor
auspension. Salt solutions used, other than .ea .ater, were 3

~;l~~~~~o~O=a;~i~~l!;n:~~~~ ~r::ho~a:;r~pri~ 1II0.~ w~i~:t
bleaching or dr1ing a record of temperature, wlod, eatent 01'
sunlight and humldit1 .a. kept, and an atte.pt wa. _de to corre­
late thla with the t1ae necenary tor ble.ching or d i •
Bleaching and drying had to be conddered .eparately .ince it w..
es.ential that the 1II0.S be wet in order to bleach. The resultant
samples .ere ground d the viscosi t1 of their gels studied.

~

Mo.t 01' the mo.s u.ed was raked mo•• obtained rrQlll Egmont

(~)'~;:;~'Sh=~ep~i~~~t~r·Y=~u~:t~~:~y~l~::T~g.~:hia;tE.I.
three were compared a. regard. vi.co.ity 01' gel. 0 great dUter­
ence W8S round. The drying and bleachl were carried out at
Eller.lie, P.E. I. wl thin 14 hours 01' collection. The Yarmouth
County mos. was a cOllllllercially bleached product.



The aurfao.. choaen were (1) w re netting of inch meah (2)
board aurface unpainted (:5) bO!lrd a rface painted black (4) cement.
The traya uaed were two feet aquare and had 2" x 2" aidea. They
were mounted on ·two raila about :5 f at from the ground. Varioua
deptha of moaa were uaed from a a1 le layer to :5 inchea. In the
dryi experimenta the material waa turned and mixed once each hour.
Both bleached and unbleached oaa. a uaed. The freah Chondrua had
11 molature content of about 91~. In the bleached Chondrua the
moiature had baen reduced in bleaching to 40 to 60~.

For drying, apecimena of 1000 • were placed on wire, board
and cement traya. At the end of a iven period 20-25 • were
removed, cut finely with aciaaora a d mixed, and 4-5 • uaed to
determine the moiature content. following reau}.ta were obtained
in unbleached material.

70 ver1 8 67.4 58.:5
light

11 78.1 67.4
20 n. oder-' : :
shower ate · 15 71.5 72.4

covered : :
: 18 78.0 : 76.6 :

moder-' 25 81.7 82.9
ate'

54.7 72.:5

75.2 78.0

78.0 " 1:5.8





'.iY. f ..p.'Buaidit.y' Willd ' fia.
I • , 'hra.: .., : -: :

Bl••oh.d ao•• g.y. tho follovillg figur••• S•• v.ter va.
u.04 aa til. aolot.aillg ...., aIld vh.1l bl••ah.d·'h. ao••
h.d. aoistur. oOllt.llt or ,2.U.

tabl.4.

,cr··, pC ,pre,o' At 'e""£' PPP',,' P' l!1"gb'd 'P" ,

Moi.tur. COlltellt'

wire $ loard :

: '0 : 11g ht: 1~

: : : 2'
33.2 25.7'
14.6 14.9'9.' 8.5:

U vUl b••••n trOll th... r.wlh that. th.r. 10 Y.IT
lit'l. ditt.r.llo. b.t.v••1l tho vir., board, .Ild o.a.llt tr.ys •
.in ill.poeUon ot fabl. 1 .hov. thst tho illiUal dlTing to

:b::,::_.~;O:~::i::P:~ ;:r~h.b~::.t::r:r d::ur;O~:;yd::l11

:::gtr:;.te:t:r:U::;o1~:r::~.Il::~:::.::·:l ~~.~rf~~i~=h•• ),
tho wrt.o. laT.r vould b. dlT to touoh vhll. ths lay.r.
n••r tho bo.rd vftld b. r ••tillg ill ••oll.otioll ot vatsr.
fhlo 001&1d 101'1.11' b. pr.y.nt..d by t1ll'll1Jlg and mixillg .th.
ao•• tr.qu.lltly. On tho oth.r h.lld th.r. 10 likely t.o b.
a looa ot ••t.r1al thl'ough t.h. i.t..r.Uo•• ot tb. vir••
thlo 18 ._11, h.v.y.r...OIlUltillliIl200-gra....p1o.
(t.II1. 2) to 0.1" t.o 6.,,, aor. thall ill board or o...at.
C.aOllt c_p.r•• t.yourablT vith board tray•• '.b1o 1 .hov.
an i ••r •••• ia .01ot1ll'. tlf" 11 to 15 hour•• Durilll this
t.i•• tho v••th.r b.c... dull .nd th.r. v•• a 20-ai_'•
• hov.r.

fh. y.r1.tioll i. dlT Vo1lht i. trOll 48., t.o 69.5 gra•• Oil
20011'.... ghilli. y101d of 'al' or "" ...wllng. lal' aoloture
.ollt.nt ot t.b. dri.d ao•••

'tr••\p'.p.r····dd·pt.b···'t··p'dnspB

fh.U•• otdlT1Jlg1oillor••••dvith.aillor....4
thickn.s. ot ao••• Lot. ot 0.5. 2, .Ild 6 kilolr.a. ot
Ullbl••oh.d ao•• v.r. pl.o.d Oil l>o.rd tr.y•• fhi. g.y••
d.pth ot ao•• tr... • ingl. 1.1'.1' to .bout 3 illob••• fh.
a.t.ri.lv•• turn.d ••o•••chhouralld, •• b.tor•• th.
aoi.tur••0Ilt.llt d.t..nin.4 ill a s..pl. ot 25 to 30 Ira••
t.k.ll.tr.nd••



,7 th1 • 5 Itr,e't of,depth 19 \1., or duiPI

: fTpe ot traT : fe.perature : ~~:e : Upde ~:~:r:a"~::i!31d"p:

65 '6' 20.9 : 36.2: 49.7 :

65 : 6: 18.8 : 37.1: 50.6:

fi•• £'9,lr'd to r'dug' 89i '\n£. 99R\'n\ \9 lOS

In order to deterain. the ti.e r.quir.d to reach le•• than
10% troa an initial.oi.ture cont.nt ot 91% the ...ple. V.I'.
allov.d to drT. Moi.tur. deter.ination. V.I'••ade tvic. a daT'

1!a.L£'gul£'d f9 r"s, 1,•• thIn lOS.olltur,

, fi•• ' Hoi.ture Cont.nt

: hr. : '

Single laT.r :

: 23

3" d.ep : 36

fh. ao•• r.main.d out tro. 9.30 A.M. to 5.30 P.M. and va.
tat.n in.id. at night.

It vill be .een that a 3-inch laT.r r.quir•• about three
ti••• the l.ngth at time to drT a. a alngl. laT.r, the It" laT.r
b.ing int.ra.diat•• fhi. va. the .... in both board and vire
traT··

~dbo'rdgp.p.r'dt9nAp.iD".4

Sampl•• or 500 g•• V.I'. l.tt out tro. 9 •.30 A.M. to 5 • .30 P.M.
on .ach tTp. at board. fhe ...ple. had b.en partiallT dri.d and
had an initial .oi.ture cont.nt ot 65.4%. At the end at the
exp.riment th. on. ana black-painted board had dropp.d to 18.6%
vhilethatonth.unpaintedboard17.9%. fhisvouldindicat.a
n.gligibl. ditterence bef;v.en the tvo, it anT'

,.£I.tl9p 18 £.pI41'7 or drylpg yl\h \1•• or d.y_

Sp.ci.en. v.re placed on vir. traT. at Tariou. period.
throughout the daT and .oi.ture content d.t.rained at the
b.ginning and end at tvo to tour hour•• PartiallT dried .a.pl••
vere uaed a. vell a. the vet .atarial. fable 7.



Variation in ra idit with time of do.

0.9
1.7

23.1
11.52
16.4

Unbleached 1100.0.
, 91.5 '34.3
, 91.5 '20.9
, 91.5 '20.
, 411.7 ' 15.6
, 31.8 ' 17.7
, 19.9 '13.4.
, 24.1 ' 10.0
:.14.6 : 12.0

: Bleached: 1100.0.

, ,Il. t.. ,
Period or Day , Time' Moisture I Moisture' Loss in

, hrs. 'Content I Content '&Ioisture
" I ~ ,

(No.2 was sea-w ter w shed but from North Shore of
Island, a much Lushio plant.)

1 :

2 I

3 :

4 :

5 :

54 'lO.OOA.M. to 12.00 P.M.
'12.00P•• to 2.30P.Id.
: 12.00P.II. to 2.30P••

62 :



:8.5:

:8.5:
:8.5:
: 8.5; 2/3 sea water

:8.5: 2/3 sea ater

'8.5'l~. 5 :

18.85: 17

150% I

:Humidity :

'Part 'Strong' 25.9' 16
: cloudy :wlnds: :
: ' :"24.8:

It will be seen from Table 7 that an initial drop in moisture
from 91.5% to 20 to 30% can occ in three hours. A decrease
below this value requires a 10 or time. The restest decrease
occ1,lrred in the afternoon - a crense of 70.6 from 12.30 A.M. to
3.30 P.M. in comparison to 57.2 froJ:! 9.30 A.II. to 12.30 P.M.
Material ,.ith sn inttial 1Il0lstu e content of atout 20% to 24 showed
the same giving a decrease of 6 5jl. in the morning to 14.1% in the
aft::>c·noon. Condi tions for dryi g were good the humidi ty was low
and there was a light breeze.

The last two figures 1n t table show an ebsorption of
moisture rather than s decrease This was undoubtedly due to
absorption from the atmosphere uring the ,;:ain. The sllJlle phenomena
occurred at night ('rable 8) an ncrease of 11.4% to 18.7% showing
in 4i hours.

Effect of moistenin a ent on



It is of interost that so 1'al samples w1th a moisture
content of 29)1> and over develol J mould in the laboratory.
Those below l5~ did not.

: Seawater

'hCl

: CaC12

'HCl
: NnCl

7 'HCl
: NnCl ,3)l>

, 7 'liCl
;CaC123...

, 5 :Se&watr

'HCl
:CsC123"

5 'IICl
:liaCl 3 ...

'7 'Jeewatr

: 15

I l~

: 15

~Cl+caClandHC1"N~

.2 :

'Part tModer_'
'Clouiy'ate '
, 52,. 'wind'
: Humidity: '

Effect of moisture content on

Effect of moist nine: agent on lose content after drvin •

in gelose content with any

53 : Overcast: Light:

62 'IJright I

'4570 '
: Humidity:



t 't
'Moistening Solution • " Gelose', "
:Sea water

'Fresh water

:Fresh water

?:L CaC12

:2)l>CaC12

:2~ KCl

:3% NaCl

The gelose content was determined after the nn l' of Hass and
Russell- ella (Analyst 52, 265-9). Other s!UDples sho ed the SAme
rah e of 45,. to 60" gelose. In the preparation of the gelose,
however, by precipi ta tion with alcohol only a 30% - 40 yield was
obtained.

In bleaching with fresh water as moistening a ent the moss
was soaked repeatedly in the same wash water. The results
(table 11) woul in icate that fresh water unless in considerable
excess or on prolonged contact with the moss does not re ove
appreciable gelose.

Experiments on conditions or bleaching.

Conditions of moisture snd moistening soluticns were
changed, and, as in the drying experiments, 0 record of the weather
was kept.

An attempt was first made to measure extent of bleaChing in a
definite time. The colors of the solutiona prepare by dissolving
fresh moss, partially-bleached moss (colIIIDercilll "one-half bleached")
anoi bleached moss id not differ enough to torm a basis for comparison

i th a colorimeter. Ihe fresh moss gave 8 green solution, the
othe.r t ....o _ere bron an iffered so",ewhat but gradations bet een
the two could not have been read. l'he gel itself gave." better
indication of extent of blesch nnd gradations might ?ossibly have
been measured with a tintometel'. The time of extraction and
concentration of the finnl gel would need t.o be rigorously controlled.



The possibility thnt the color could be extracted bj some
solvent was not overlooked nd the following were tried: Ethy+
and methyl alcohol, ether (ethyl) butyl nd isopropyl alcohol,
scetone, benzene, xylol, petrol, iethylene, ethylene glycol
:Uoxene, chloroform, cyclohexane, tetralin, decalin, ethyl butyrate,
and pyridine. The coloring I!lllterial in ble ched or dried moss was
insoluble in all the reagents. Ethyl alcohol however extracted
the color from green moss leaVing it a creamy white. 5 alcohol
also extracted Sume 01 the -e1. In 95% alcohol the moss became
very brittle probably due to dehyJration. Phenol when ad ed to
a solution of the moss separated into a layer containing all the
:;ligment leaving a colorless aqueous layer.

Since from a commercial stan point the fully-bleached moss
Vias t.he required product, bleaching was ju ged on the time
re-ui d to l' each a completely bleached stage. The color varied
somewhat Ani w s never yhite after rying but shades of roy,n.
Green onl all shades of purple, however, had to disappear before
the material" s aonsidered bleached. Bleached moss befol' drying
hod a much whiter shade.

The s It u~ed in the moistening solution affecte the white­
ness of the resul til'l6 moss and so, to some extent, did the rapidity
of bleacning. JUdged solely by the unaided dye the whi teness of
the resulting bleached moss while wet was in the -order 2", CaC12,
2/3 sea water, fresh water, 2j'. NaCl, sea water, On dryinp; any
difference disappeared. It will be shown that the moistening
solution hal conside.able effect in the viscosity of the resulting
gelose.

Optimum moisture content for bleaching

20-gm. samples of moss from which the stems had been removed
were soaked in sea water for rrom 2 to 35 minutes. These samples
had preViously been dried at 70°C to 12.1:' moisture. On being
removed they were superficially dried and divided in two parts.
The first of about 5 grams "'as ueed 1'01' the determination of
moisture content. The larger portion of acout 15 grams ,..as placed
in a 500 cc. Erylenmeyer flask which was stoppered and had neck
and cork co ted wi th paraffin wax. The rlasks were then inverted
in the sun. Uoisture condensed in the sides of the flasks in
all but No. 1.

Optimum m~isture content ro~ bleaching

Moisture' Time required Time of
Content 'for bleaching soaking

t • ~~.

:~:~
60.2
59.0
90.5



Th time req"ired for tl OSB to bleach varied i th
the amount of moisture in th specimens. Those immersed
in sea water Jid not bleach except when very near the surfac •
e1ther di1 specimens with a moisture content less than 20:'.

The quickes t bleaching occurred in samples wi th 0 er 40j(
moisture and re ined about the same short of complete
immersion, with further increase in moisture content.

As further confirmation fronds ere used which were
soakod as follows with the results stated.

1. 10 m1nutEls each hour requireJ. for l:>leachl 19 5 hours.

2. 10 minutes each 2 hours require for blel\ching 8 hours.

3. 30 ",inutes each a, required for leaching over two ays.

4. 10 minutes each hour required for bleaching 5 hours.

5. 20 minutes each 4 hours required for leaching 16 hours.

In order to determine approximately the time required
by the moss to reach a sufficiently higl moisture concentra­
tion to bleach, 500 gms. were dried at 60°C for 12 hours
an then placed in 4 litros of water. At intervals 5 to 10
gms. were removed end after being ·dried superficially in
paper towels had their moisture content dstermined. After
6 minutes the material felt "sticley" to touch hen soaked
in fresh water. In sea w"ter of 3~ liaCl solution the moss
remained firm.

From the standpoint of rapidity of bleachin it will
be seen that little is Jlained by soakin'!; after 10 minutes
(table 12). In th case of very dry !)joss however the stems
do not take up oisture at the same rate as the fronds,
being much slower. As a rule, however, after half an hour
a moisture content over 40 is reached. Atter the init1al
wetting of· the dry moss a soaki of 10 minutes e ch hour
served to maintain its moisture content over 40;1:.

The effect of covering with glass

The same trays "ere use as in the drying experiments
wi th the a di tion of board trays covered with glass. and of
a water-proof tray kept half full of water and covered by e
wire tra in which the m08S was placed, the whole being
covered with lass.

The boarJ tr ys covered with 61ass ave (Table 13) a
=("h more rapi bleach and a higher final moisture content
than did uncovered board trays.



oarcl'
laaa

oo.,.Pe4 : 7



The extent of bleaching was Judged by the eye. For moss to be
called bleaohed, both stems and fronds had to have a uniform amber
to cream color with no green or purple. The degree of admixture of

~~:m:;~~:~'"~~;~d:~dw~;i~e~~:~~~~~~;r~l:~~~i~~e~a;o;i:~:~;r1son.
The temperature of the covered specimens rose to 47°C; the uncovered
averaged 23°C.

Using 3% CaC12 (Table 15) the mOllB had a slightly lighter shade.
A series gave essentially the aame results as in Table 14, with the
exception of a lower moisture content which could be due to the
additional ti_.

Table 15.

Rtfeot of 3" CaC12 on bleaching

Tray Moisture' Extent of ' Ti_
Content : bleaohing :

: : bleached lot

: bleached lot

: bleached lot

: bleached lot

uncovered: : bleached lot

uncovered : bleached lei

Rtfeot of immersion in sea water.

A cement tray waa used and sufficient sea water was kept in it
to about halt cover the moas. The mosa above the water was not kept
!Doiat, however, but would dry out. The material was then turned.
ealy the wet material uncovered wi th water appeared to bleach to any
extent. Table 16 gives a comparison of the results with those on 'B'
and uncovered trays. COlllll18rcial black moss was again used. See also
Table 19.
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Table 16

, Hoisture , Extent ot'
!raT 'Content I bleach 'Ti.e

: I : • : hr'
ce.ent' , ,
containing'
vater : 53.9 : 90 : 8

'45.9 : bleached: 8

,22.4 : 75 : 8

59.8 : bleached: 8

30.7 : 75 : 8

'tt••• pt 'np,r,s.»•• eR bl"phipg.

The te.perature ot .o.e blaok .Olll atter soaking va. Ilaintained
at 60-C vith a burner and another s..ple at l2-C bT rulllling vater
eround a tin traT containing the s ..ple. A tin tray v.s also used
to hold the heated material. At the end ot tour hours the moss
at the higher temperature va. bleached. The .econd s..ple at the
end ot eight houra vas only about 3/4 bleached. The _terial V&8
kept vet vith trequent aoaking•• Since vetting aolutions other
than sea vater vere not tound to be nperior. a diluted sea vater
va. tried.

fb••tf'p,' 9( an Spiti.l dryipg 99 bl"pbipg.

The ettects ot an initlal drylng betore bleaching vere compared
vith thoee 01' keeping the 1Il0sa .01.t trOll the .tart. 1000 glls. ot
.oa. vere .pread on each board traT and treated a. tollowsl

2. soaked 10 minutes in aea vater each hour atter drying tor 4 hours.

3. soaked in 2/3 sea vater 10 minut.es each hour.

4. soaked in 2/3 aea vater 10 minut.es each hour atter drying tor 4 hours.

5. soaked in tresh vat.er 10 minutes eaoh hour.

6. soaked in tresh vat.er 10 minut.es each hour atter drying tor 4 hours.

The ...ple. vere lett out. froll 9.30 A.M. to 5.30 P.M. each daT
unt.ll bleached. The n ber ot hours required tor bleaohinG are
gi"en ln Table 17. One sllllpls vas cont.inuously sprinkled vith .ea
vat.er. The lnltial drying had no etfeot..
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Table 17.

Compar1son o~ II a water, 2/3 sea water and ~resh water as
-pi"'PfPI.01u$loD ,Al.9 'tt'S1; of tpltS.} duSpe

: 64oF-8SoF 70·P-S8oP' :

2/3 sea water: :

8pr1nkled

br1cht
sunlight

br1ght
sun11ght

"hSh pt diluU09 pf Ita water 99 bleaohlu.

Wh11e wet, the 1I0SS appeared vh1ter 1n the order. tresh water,
2/3 sea vater, salt vater, but 11ttle d1tterenoe va. apparent on
drT1ng.

IUut, At pi IUd e,lp1n8 in .pl"'Ripg ',.!Ill.
Mo.s kept 1I01.t b7 solut10ns v1th an ac1d react10n bleached

muoh more rap1d17. Board tra7' vere aga1n u.ed. As usual the moss
was soaked 10 1I1nutes each hour. 1000 gm. samples were u.ed and
soaked1ni

vater at a pH o~ 4 v1th HC1.

3. vater at a pH ot 12 v1th NaOH.

4. vater da pH o~ 8.

5. oont1nuous17 sprlDk1ed vlth sea water. 'I

6. 1..ersed 1n sea vater dur1ng bleach1ng.

Temperature ' pH o~ 1I01sten1ng • T1me requ1red.r ' '0191;3.99 • tor bl.lchiDI hra." -69: sea vater: 12

br1ghtsull :

------~~--_!_----~-----~----



Tab1e19.

Comparison. Soaklng. Sprlnk11ng
IR1 '.'prn30' 1R.'" Y'1j,r

H"thod ot • ramperatur I Tlmo re ulred
v"ttlng' of • tor b1eachlng

: : hre

Soaking ; 53 - 69 :

sprinkUng : brlght sun: oyar 16

Im.araion : : o"ar 16

The acid-b1eachad matarial vaa atlekT to touch and had
ob"iousl,. lost much gal. It vaa "ar,. dlttleult to dr,. and te1t soft
atter tvo da,.s. Some of the molatanlng solution vas filtered. This
ga"eapracipitatevithbensidinachlorida.

The pH of saa vatar vas adJustad vlth Hel to gi"a an acid
raaction and uaed aa a moiatening agent. 3 1itres of aolution vera
usad to vat 1000 gm•• ot moas. Tra,.a vara uaad contall1ing 1000 gms.

1. aaavateratpH2

2. a.avataratpH4

3. a.avateratpH6

4. 2/3 sea vatar

5. aeavatar

Btteetofseavatarvithanaeid
£"'\"90 99 \ia, pt bl"'hip'

Temperature I Te.paratura • pH I Tima
l.t day : 2pd dey i : hr,

50-69 62-75 : 6

Bright • Bright
aunUght: !IunUght : 6

• 6 • 6; 2/3 sea vater: 12

: sea vater : 18



As before, the moss remained out from 9.30 A.M. to 5.30 P.M.
and time over 8 hours means continuation of the bleaching the next
da;y. In adjusting the pI! a D.D.H. universal indicator was used.

3% lIaCl and 3% CaC12 made aoid with HCl was tried. The pH was
adjusted to 4. The moss in each ('nae remainod £11'm to touch.

'frept 9' 'rid ip J% Nle, Apd.CpC12­

Temperature ' Moistening , pH , Time
or : ','pt : : hr.

53-69 seav"tor: : 13

: 3% NaCl : 4: 6

: 3% CaCl2 : 4: 6

,(r'st gr d.pth of mo•• 9n bleac;hing.

To determine the relative ettect of depth ot moss on the time
required for bleaching, three board tra;ys were used containing

~~~gf:si:7~;0~ng:~~,f~;:t5a~~l~f'::~'3 i~~~e:a~: :h:e~:~O~~ :nd
third. The material was soaked in S9"a water 10 minutes each hour
and thoroughl;y mixed. The timeo required werel for a single la;yer
12 hours, for a It-inch layer 20 hours, and tor a 3-inch layer 34
hours.

This as tor dr;ying gives roughl;y three times as long tor a
three-inch depth as for a single la;yer.

319""r bl"phiDrr 9[ ,t,., than or frgnd,.

Stems and fronds vere separated and bleached. The stems
took 12 hours while the fronds only 4 hours •

.IU..u..L.2! 'olt, pth,r1;b,p '"y.t,r.

Salt solution. other than sea water had no great accelerating
effect in bleaching. One series gavel sea water 16 hours, tresh
water 14 hour., 3% CaC12 13 hours, 3% ][C12 16 hours, 3% RaCl 14
hours. The addition ot CaC12 1% to sea water gave a sl1ghtl;y
whiter material but the time was the same.

Eff'ptg'y"theronblelshipg.

The Chondrus vas found to bleach in fog as well as sunlight.
Bright sunlight and high temperature had an accelerating ettect
however. Fronds cooled to 8 0 C with running water bleached fon 8
hours compared to 3 hours for material heated to 600 c.



1'0 determine the relativa efrect of natural variations in
sunlight and tamparatura, samples of 800 pII. vere used. The.e
vere placed on board trays and lloved to blaach. Each hour the
specimen. vere .oaked for 10-15 minutas in about tvo litres of sea
vatar and replaced in tha trays. Samples vel'S run on days vith
varying degreas of sunlight and '.1i!:f rant t,,:nl'urlltures (Table 22).
If bleaching was not completed on the first dllY. it was completed
in the same days for all samples. It wa. as.umed that any
acceleration in time vould be due to the first day. It vill be
seen (Table 22) that bleaching oocur. much aore rapidly in bright
sunlicht and at a higher tellperature than in eull veather or at a
lover temperature. Blesching vill not occur in darkness even at
a high temperature.

T••peretlltl , Sunlight' Tille '2nd'" • Total time
,. • lstday'3rddays' hI'S.

HI% : Min: :, bt, : br. :'

A.M. 73 : 64 Bright: : :

PM 88; 70 : : :

~.M. 78 : 66 Bright: : : 13

P K 65 ; 59 , : : :

A.M. 78 : 62 t Bright : : : 13

PM 74: 68 : : :

A.M. 69 : 50 Bright: : : 16

P M AA : 5' : : :
~ay 72: 66 :~~:dY: : 8 + 4 :

Day 65: 56 Overcast: : 8 + 8: 24
, , ,

A.M. 74 : 58 :~:dY:, t 8 + 5 I

P.~l. 64 : 60

Lab9rat9rY'I..in.ti9notlri'hm9'A9ur,d1~.

Sample. of variously bleached and unbleached moss were used.
These vere ground in a meat grinder snd used to pre!'are both an
extract and a purified gelose powder. Viscosity measurements
were made on both these products.
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In the preparation o£ the extract 15 gms. o£ the chopped moss
vere soaked £or 20 minutes in about 500 cc. o£ distilled vater then
cut quite £ine in a Warner blender. This took £rom 3 to 4 minutes.
The material vas then diluted to a litre and heated on a steam bath
for six hours. Water vas added from time t'o tille to maintain a
volume o£ one litre. The material vas then centri£uged and filtered.
Evaporation vas then carried out in a steam bath until the volUllle
vas reduced to about 300 cc., 90 cc. vere removed and the viscositT
determined by means o£ a Stormer viscomiter. The remainder of the
solution vas poured vith stirring into 1 litre of 95% ethyl alcohol
and the precipitate further purified and dehTdrated bT treatment
vithtvo300cc. portions o£ absolute alcohol and tvo 200 cc. o£
absolute ether £or periods of 12 hours each, finally being placed
in a vacuum dessicator for three days. SOlie small samples, o£ tvo
grams or so, ",ere dried after the initial alcohol precipitation
at 400 C by Ileans of a drying lamp. These vill be mentioned later.
~pproxillately 2 gms. of the purified gelose vas dissolved in 100 cc.
of distille<l vatar about 90 cc. of vhich vas used £or the determi­
nation of the viscosity.

The aaount of gelose vas measured by precipitation vith benzidine
chloride and titrationvith 0.1 NNaOH after the manner of Hass and
Russell-Wells (1). The procedure vas as follovs. ~bout 90 cc. of
the solution vas placed in the Stormer visco.iter and Ilaintained
at a constant temperature of 3loC. The remaining solution vas used
in a determination of pH using a Beekman pH meter. The relative
viscositT giyen vas the average for at least five determinations.
~fter the £irst determination 10 cc. of solution vas vithdravn and
replaced by distilled vater. The solution vas used to detsrmine
the gelose content. Ths replacement bT distilled vater vas
continued until the concentration fell belov 0.2%. ~t the end of
each fourth determination the gelose content vas determined and
compared vith the calculated value made on the basis of the first
and fifth measured values. ~ comparison is shovn in Table 23.

Table 23.

~Db.ty••nob"rT'd,nd9119ul,t'd90De~

Calculated concentration 'Observed concentration
I : 1



An attempt was made to measure exactly 90 cc. into the cup
and calculate the resulting concentration. With higher concentra­
tions of gelose particularly, however, it was found impossible to
measure any definite Tolume with any degree of accuracy. Approxi­
mately 90 cc. were therefore used, the calculation being made on
the bas.is of two measurements and then cheeked as shown above.

In the measurement of viscosity the 50-gm. weight was used
and 100 reTolutions timed. In some cases, howeTer, when the time
required for this weight was as high as four to six minutes a 100­
or 200-gra. weight was substituted. It was found that the relative
viscosity Taried depending on the weight. (Table 24) •. In these
cases the relative viscosity given was that obtained using ths
weight which took a ti.e corresponding to the 50-gram waight at
the lower concentration••

Variation in viscosity with weight
----,- HIed in 31;9["[ y1'9 9 ,,, ••t,r

Conc. % I Rdathe Vhcosi t1'
: 50 p. weight: 100 gil. Weight: 200 p. weight

, I ,

: 27.30 : 22.73 :

1.41 : : 6.05 '

, 5.76 I 4.75

3.00

().62 2.40

Weights aboTe 50 grams were not compared directly with water
but with the weight bslow it. The factor wa" calculated which would
giTe identical viscosities with the smaller weight at its upper
limit. In Table 24 at a concentration of 0.88% and 1.11" weights
of 100 graa" and 200 graas giTe the "aae readings. Billow 0.55%
weights of 50 grams and 100 grams give the same.
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tor sulphates vas obtained vith DaC12 until the ::i:::th ~cy, hovevor.
'fh. viaoodty ot the solution vas found to be decreued (tig. 2)
and vas not increas.d by the addition ot IC1. 'fhe golo.e betore
dia17sis, dis.olv.d in 0.05% IC1, al.o shoved a deor.a.e in
vi.cosity (tig. 2). A .imilar change occurr.d in moss bloached in
2/3 sea vater. The gelose in 0.1% KCl .howing a dl3crca.e in
viacosit7 (tig. ,). Tho pH changed trom 5.49 to 4.66. ICl added
to fresh vater bleached moss shoved the .malle.t change (tig. 4).
Th. pH inorea.ed tram 4.56 to 5.28. Gelo.e tram va shed creen DO••
va. al.o dia17sed. In comparison vith that troa bleached mo.s the
vi.coaity trOll 0.6% to 0.7" vas 1.25 in contrast to 1.20.

Soa. ot the g.lo.e vas ashed. 'fh. percentage. tor tOllr .ample.
v.rel g.lo.e froa

tr.sh mo•• vash.d 18.8"
••a-vater-bleache" 16.1%
2/3 s.a-water-bl.ach.d 17.1%
tresh-water-bleach"d 18.7%

Graen 1Il0SS vhich had b.en washed in running water tor 7 day.
a. v.ll as black mOilS "!iich had been washed tree troll chlorides
betore extraction did not shov a high Viscosity. These forDed a
v.ak gel at a 2% concentration which waa hardened by the addition
ot KCl (J) in veaker concentrations of leas than 1%. The addition
at ItCl cau.ed the separation ot soae gel troll solution vithout
increasing the viscosity ot the solution. Fig. 5 shove the norllal
vi.cosity curve for tho vashed green moss. This formed a brovn
gal at a concent.ration ot 1.2'% in 0.0411. KOH vith a pH ot 12.6.
On cooling to 450C, whon diluted to give a concentration of 0.5%,
the pH be calle 6.3 and the viscosity vas about as betore. The gre.n
mo•• it••lt had a pH of 5.48. 1 gram in 10000 of 0.5 1t01 formed a
colorle.s gel. On being precipitated \lith 95% ethyl alcohol vallhed
tvicewith abllolut. alcohol and one. with ..\her, snd r ..dillllolv.d, the
.... villeollity lI.a.ure.ent. v.re obtain.d as in the original gelos••
Test. with Benedict'. reag.nt were negative. 'fh.. black 1101111 vhich
had b....n vallhed until the vallh water /lave no tellt for chloride when
ltvaporated to one tenth had also a low visce.it,.. Con"id ..rable
gelose vall relloved in the vashing. Again a gel-like precipitate
tor.ed vhieh settled cut trom the solution. The viscosity or the
solution va. not increa.ed b7 the addition ot XCI. Table 27 show.
this over a series of concentrationll. The pH was unchanged, being
5.48 before the addition of XCl and 5.5 atter the coneentration or
KClvllSO.25%.







Concentration
~
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Intiy yinSDn1ty

1.64
1.54
1.45
1.37
1.30
1.25
1.19

In no case,t "r tor., wa viseosit,. of the solution
inereand b,. the addition ot !tCl vhich !:light poal!l1bl,. h v e.n
leached out by the et od of r paration. I vary cal' , hOllever,
the addition of ICI causell, in concentrations of gelos ot l~ or
over, the forma ion ot e; 1. Tho addition. to lov r concen rations
causes tho torlll tion 0 a gslatinous procipitat•• A1ooho1 precipi­
tatlon vhich might be SlCp ctod 0 furthor removs Sl11ts does no
appreciably decrease the viscosit,. and in soms cases inere.see it.
The adc1ltion of ICI in quanti i s of 0.5" will inerea•• the
visco.it,. abo...e a concentration of 0.7% leading to the formetion of
a Ce1. (tig. 6). Hat rial that had b.en blsached und.r glaae h II
also a lover viseosit,. than salt-'~ater-bleached aterls1 (fig. 7).
For co perison a cur...a is .hovn tor fre h-water-bl.ach.d materiel.
The gelose in 0.5 ItCl at a concentration or 0.8U" v•• g.l-lik~ in
appearance and the figure here and above aa7 not in icate a true
ViSllosit,.. On allowing it to stand at a concen ration of 0.88"
t e apparent ..iscoslty increasad fro 2.95 to ).)) in) inutes.
B "lid C in fig. 7 V.I'. b1eache under ela.e a1'ter bein w.shed in
fre.h water. Yhen bleached while still wet C Wll. rellov.d and dried

, in the sun. B a. beached under glass and remained there until
dry to touc" wh.n the gless wes re o...d and dr7ing continued. Cnl,.
twowashincsvereneceesary.

Material kept w.t by soaking in a solution where pH was a justed
to 2 bleached much aore rapid1,. • Th. same vas true at a pH of: 4 and
to about the eam••xtent. MOllS bleached at a pH of 2, mad ao bT
the addition of Hel and r.djusted ulling a B.D.Il. univeraal indicator,
b.ca",.....rT g.latinous and did not dr,. to a criap product. he
mat.rial wa.....ry whit. vhile wet but turnod a dark brown on dr,Ying.
fhe extract in 2" solution had about the SaDe ViBCOBitT as at l'

(1.11) and on prac1pitationvith alcohol did 110t for1!laiel-l1ke
aaas but torme a tine whit. precipitate vhich could be oithor
tiltered or eentrifug.d. fhia, precipitated again, turned brovn in
dehTdrating and drying. A solution made 1'roa the purified product
g nUallT the .aae lov hooll1t,. in 2" Bolution (1.12). !fo
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gel vall roraed on addition or J:Cl.

as ve~~S:1Ib~::Ce:~e;na~~p:a~la:~d4C:~~~ :~iU:::dU:~/:l~a:~:~gH~;•
• uch lIore rapid. (rig. 8). It vill be l18en that in 3~ BaCl a

~:i;t;~~~'t~~g~i;~:~o~~:;; ;::a~e:~~:~: ~~t~a~~~ ~~:~~~b~e:~~:~s1tT
lIaterial at pH 2 a IIlight tellt vas given vith Benedict's 1I0lution.
The pH or the resulting gelosevar1ed and a slight precipitate
occurred in '2' on the addition or 2~ CaC12 •

~ pH or Alcohol prtpipllw

1. 3~ BaCl

2. 3~ CaC12

6.05

4.22

Number 1 did not precipitate all a rine precipitate but all a
thin gel vhich on dehTdration bec...e rirmer. Hence again the
addition or Il:Cl had little errcct on the viacoe1tT. The aame vall
true or pH changes. Humber 2 extract vas adjullted vith HCl to pH
3.8 and the pH increased bT the addition or laB. !he change in
pH had no mea.urable errect on the v1ecollitT. !hill aa vill be
shovn i. not true or all material.

Itt.et 9' fB en vls99sity of llgid-ble'ghed 'p"

Concentration: aelative viscositT at pB

i , t • t I

:'8:422:692:28~

1.03 '1.19' 1.19' 1.20' , ,
.80 ' '1.17' 1.18' '1.17'

:~~ : 1.11 : i:i~ : 1.12 : i:i! : : 1.13

:~~ : : i:g~ : 1.07 : : : 1.08

ror eoaparison table 29 give. the relative viscoaitT or acid­
bleached aOlls at pH 4.22 coaJar" to sea-vater-bleached .oas.

!able 29.

CeptIflpR 'f'eld to ,.,vat'E," bl."hlnga,'Dt

Concentration: pH 2 in 3~ CaC12 : Sea vater blaached

1.03' 1.19 ' 5.95
.80' 1.17 ' 2.95
.70' 1.13 ' 2.60
.65' 1.11 ' 2.40
.57' 1.08 ' 2.31
.50: 1.07 ' 2.31



the addition ot ItCl did not incr.as. the vi.co.ity aea.ur.bly •
•005 R 1t0H, .01 R ItOH, .05~ ItCl and .5~ ItCl in conc.ntr.tion. ot
g.los. torm .5~ to 1.0~ had the .alle viscosity. 5011. ot the gelose
tro '1' w•••v.por.t.d with. Gener.l El.ctric drying lallp (250
watta) .nd .tirred by bubbling .ir through the oolution (tig. 8).
The vi.co.ity w•••lightl;r decr••••d.

Fre.hllossg.lo.ewhichhadbe.nprecipitatedwith.lcohol
waa di ••olved in aev.ral concentratione ot ItCl. The vi.cosit;r was
decreaaed (Tabl. 30) until. concentration of 0.2~ was re.ched when
• thick g.l tormed. ThepHwas.bout5.3. An 0.88% solution ot
gelose w.a used. The initial g.lose viscosity at this conc.ntration
was 1.58.

Tabl.30.

'ft·ct 9[ Kef 99 fa-lIb 'p"

conc.ItCl_: R.l.vi.cos1t;r

0.01
0.05
0.10

~:~5

1.51
1.45
1.43
1.41
1.71

Green 1I0SS was ble.ched with 3% H202 .nd 30~ H202'
Theg.lw•••xtr.ct.datth••alletill•• this w•• filtered and
used. (T.ble3l).

Tabl.31.

,rttct or ',9, 99 ~i'S9'itT

t yt'pp,ity

Ther.w.s.l.oach.ngeinHionconcentration.

3%R202bleachedpIl5.5
unbl.ach.d 6.7 and 6.8
30~ H1 02 ble.ch.d 3.96

occur;~: ~~:~ ::~~b~.::~~~P;:::;i:~~h;~~l~~lU~i~~Il~;:r.~~;~:: by

bubbling air through it .nd .vaporated with a dr;ring llUllp (tig. 9).
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tha original pH of 6.12 bec..e 5.64.

the etfect of pH and temperature was studied to a limited
extent in a 0.7~ solution ot commercially black moss (fig. 10).
the vi.cosity decrea.sd above and below a pH of 6 to 7.5. the sama
'ISS true in a 0.2~ solution. Here a change from pH 2.9 to 6.5
increaaed the viscosity by 0.1 at 2500 and somewhat less at 600C.
TheHionconcentrationweschangadbytheadditionofNaOHorHCl.
It will lllao t>e seen that (fig. 10) atemperaturechangafromlOo
to 600 induced a change in viscosit,. of 0.6. In a 0.2~ the
corresponding change was only 0.16.

An attampt was mada to bleach the moss using a source of
artificial light. three kinds were uaed, a drying lamp giving oft
a reddiah light, a General Blectric drying lamp (250 watte) with
an intenaa white light and an ultraviolat lamp. the first did not
blaachatall. Tha.aClondwa.themostatficiant,bleaching
quantitia. of 5 gram. in ona-halt to three-quarters of an hour
trom its green state and 15 minutea for samplea of black or once
dried mosa. The mosa under the ultraviolat lamp appeared green
for two hClura. On ramoving to ordinary light, howa"ar, the material
appearad bleachad. Under the heat lamp the temperature was about
56oC. A comparison was made with the ultraviolet increasing tha
temperatura with tha lattar to 56oC by maana of a burner. 2 gralls
of black moss was used. thia vas placed in 200 cc. of distilled
vater (a) vaa stirred by a mechanical. atirrer, (b) by an air Jet

~~:~a~~~~~tt~:m~e~:~a~t~;~:~r;;n:~1i;~l1~r~r(~! ~~:r~n~:~ :~:ples
vare ramoved from the lamp made up to 500 ce. and extracted in the
ateam bath for an additicnal 2 hours. They ware then tiltered,
avaporatad to 100 cc. and precipitated vith 95~ alcohol, washed
ovar night in 95~ alcohol and dried at 40oC. They vere then
redissolved and their viscositiau datarmined (fig. 11). the
hydrogen ion concentrations veral

Drying lamp. Stirred by air pH 5.70
Stirl'ed mechanically pH 6.90

Ultraviolet lamp. Simple extract pH 6.12
Alcohol precipitatad extract pH 6.12

DrTing lamp atirred mechanically.
A1CloholprecipitatadextractpH6.78

Fig. 10. ahowa the viscosity of the resulting gelose. It vill
be seen that the apecimens posseas a viacosity comparable to salt­
water-bleaohed moss. thia vaa not found to be true of mOas bleached
chemically.

As regards drying, the type of surface, or the moistening
solution has little effect on the time reqUired to reach a compara­
tively lov ,"oistura content. Board surfacea, however, give a higher
yield, and Il.re superior for bleaching. The time required to reach
leas than a 10~ moi.ture content varies from 16 to 48 houra depend-







in on t.h. 10 peratur•• h idity, ant' wind, wSt; n overac. ot 24
houra. The 10\laat moiat.ure cont.ent ra.che va. 0 .vhat ov I' 8~.
Ibio 10 rrob bly t.he lovellt. v.lu. obt.ain. 1. vl th n.tural dry1n •
lncre.dn the pth ot 1II0.a to OT.r • 81nSl. lay.r l.ngth.n. the
101•• an n.e••d tata. cona derab17 SOl'. han Hnll. Moi!lture 18
ab.orbed tro the etso.ph r. by perUall)' dry sp dsan••

Th. t1.e r.quired tor lileachln d. n. on the t.mperatur.,
1nt.ndt)' or sunHght .nd aoi.tur•• Th. opU. mo18tur. cont.nt
18 oT.r 4~, .hort of cospl.t. 1 .rdon. B.lov this the tls.
r.quir. 1ner••ae.. V.ry litt.l. ble.ehln occur. in .p.el••n.
v1tlt 1••• t .n 2~. A. a gan.r.l rule the 0•••hould .lv.ye be
v.t to touch. •• w.t.r or iaot.onic salt wat..r .re the b.st
aoi.t.nln agent... Ho•• o.n bloaohed r.adily un er glaso I\S
w.l~ aa ln the open .ir an n ••oa.\lhat .hort.r tlc.. aJ:lpl••
ot 20 gra. .1'. al.o ble.ch.d by artificial 11 ht n l.as t an
t.vo oura. The .loa. compel'. t.Tour.bly vlth nat.ural-bl.achod
Illat.ri.l a. regard • .,iaeodty. Cosp.ratlvel)' hiBh te perature
and \lhit. li ht i. nec•••ary.

Th. qual1ty of IlIO•• troll variou. regions did not ditter
ai"nif1cantl)'.

Ble.ohlng lncrea.es the Thcodty of' tha .10•• , and wbl1. tbc
ad41tiOil ot pot••dun oalt. inor••••• the t1ran••• ot lUIy g.l, 110
includon do•• not. lncraa•• th. vi.oo81t)' of' an originally lov­
vi'oosU)' • t.rial. It vill~ho\l.v.r. d.cr•••• the ooneentr.tion
n••••••ry tor .1 toraation.

Soali:in in.o1 .olution .hort.n. the t1 c n.ceasary tor
bl .ching. Tb. product hovever va. pOClrer. fbia oaul b.
p.rtial17 prevent.d by t.he .c!cUtion ot a i ••It.. to tbe aolution.
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