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THE EFFECTS OF ULTRAVICLET LIGHT 

CN TEE COLCR OF UEBLEACHED PULPS 

SUMMARY 

A literature s1..1rvey i.·rns ,::irepared which covered the 

published information on the effects of ultraviolet light 

on the color of unbleached pulps. 

:E:xperiments were conducted with eicht types of 

unbleached pulp Hhich were converted into optical test 

pads under varyinc pH conditions, using sulphuric acid 

and caustic soda as well as alum and sodium aluminate for 

adjustment of the hydrogen ion concentration. The optical 

test pads were exposed to ultraviolet irradiation. There­

after, reflectance measurements were taken, covering the 

ranee of visible light. 

Fror:1 the limited number of exueriments which were 

conducted we can conclude that: 

1. Unbleached coniferous kraft, unbleached hardwood,

s1..1lpLite, and unbleached hardwood soda pulps bri5htened 

wLen cx�osed to ultraviolet lisht. 

2. Unbles,ched hardwood E.S.S.C. (70% yield), unbleached

harchrnod IT.S.S.C. (78% yield), unbleached coniferous 

sulphite, unbleached hardwood cold soda, and unbleached 

hardvrood chemi-e::roundwoo p1..1l:i;:is yellm-red when ex1Josed 

to ultraviolet light. 

_,, . Ad�ustinc; the pH to four with sulphuric acid 

incre2.sed t�:e reflectance of most pulps 1.-rhile adjusting 

the pH to ten with sod.iun t.yc.roxide decreased the 
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reflectance of the pulps. This was observed before 

irradiation with ultraviclet licht. 

4. �Then }2Jer'ma�:::ers' alum was used to adjust the

pH of tl_e sheets to four, tl_e reflectance values 

before :rra�iation decreased slightly in nest cases. 

There was a larcer drou in the reflectance value 

when the pH of the pulp is adjusted to the pH ten 

with sodiuu aluminate. 

5. Both means of adjusting the pH to ten, namely

sodium �ydrcxide and sodium a uminate, decreased the 

iTiitial Jrichtness of the pulp. However, there was 

lit�lc correlation between the effects of the two 

c on_::-Jounc_s used to adjust the :i.Julp pH to four, r:amely 

sulJLuric acid and pa:Jerna::ers' alum. 

cc�pour:Cs used in pH control stab:lized consistent y 

t:_e color of unble2.ched pulp ex:po sed to ultraviolet 

irradi2.tion. 

David L. Brew 

l 



THE EFFECT OF ULTRAVIOLET LIGHT 

ON THE COLOR OF UNBLEACHED PULPS 

Subjectively, a definition of light would be,- the 

sense impression formed in the eye. This definition 

would seem to include only that which can be seen. 

Customarily, however, ul tra-vio·let and infra-red lights 

are included as a part of light even though they cannot 

3. 

be seen. The distinction between the different types of 

light ·radiation is one of convenience, since all represent 

a single phenomenon. Their differences lie mainly in 

wave lengths; ultra-violet lies below the limit of the 

visable spectrum, and above the x-rays.(1) The usually 

accepted wave lengths for ultra-violet light are from 400 

to 300 millimicrons for "near" ultra-violet light, and 300 

to 200 millimicrons for "far" ultra-violet light. (2) 

THE COLOR OF PULP 

Color, as it is defined by Webster, is- "a sensation 

evoked as a specific response to stimulation of the eye 

and its attached nervous mechanisms by radiant energy of 

certain wave lengths and intensities."(3) 

The color of pulp is regarded as the spectral re­

flectivity and is illustrated by a curve of the ratio of 

reflectance in the range of visable light, with 700 and 

4-00 millimicrons as the upper and lower wave length 

limits. In more specific terms, color is specified accord­

ing to_ the standard observer and colorimetric coordinate 

system recommended by the International Commission of 
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Illumination(I.C.I.). However, the appearance of a pulp 

sample is not completely defined by these specifications. 

Other variables, such as texture, may influence the pulps 

appearance.(4) 

HOW ULTRA-VIOLET LIGHT AFFECTS U BLEACHED GROUNDWOOD 

It should be noted that the action of light produces 

two recognized effects: a "yellowing" of the sample, and 

a "fading". (6) "Yellowing" implies a deeping of the color, 

while 11fadin3" is a whitening of the color. 

The effect of ultra-violet light on groundwood 

produces, in general, a yellowin of the pulp. It has 

been found that irradiation in the far ultra-violet range, 

385 to 400 millimicrons, will increase the brightness of 

groundwood for the first 18 hours, but subsequently the, 

brightness decreases. Lignin and the extractives are be­

lieved to cause this yellowing, since both have a high 

ultra-violet li5ht absorption.(7) There is some dissen­

tion on this point, as Forman (8) found the color of 

native lignin relatively stable to the action of ultra­

violet light. 

THE VARIATIONS ;:!ITH TIME 

It is known that the largest drop in brightness, 

resulting from the pulp being exposed to ultra-violet 

light, takes place in the first two hours of exposure. 

After this period, Lewis, Reineck, and Fronmuller (6) 

found that the drop in bri htness is nearly a straight 

line function of time. Van den Akk..er, Lewis, Jones, and 
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Buchanan reported that the changes in the sheet are 

strongly nonlinearly related with the time of exposure to 

the light from a Fade-0-meter. (7) 

Graff (9) found that groundwood exposed to the action 

of ultra-violet light decreased in brightness very rapid­

ly for the first 24 hours, much less for the next 24 

hours, and only very slowly for longer periods of time. 

THE VARIATIONS WITE HEAT 

Another factor which influences the color of the 

pulp and is difficult to separate from the action of 

ultra-violet light, is heat. 

Launer and Wilson (10) found that temperature does 

not greatly affect the yellowing of groundwood. This 

evidence ,;as supported by Lewis, Reineck, and Fronmuller. 

(6) Nolan, Van den Akker, and Wink (11) found that heat

in the absence of light played a minor role in the color 

change of groundwood. However, in the presence of ultra­

violet light there was a marked change. This seemed to 

indicate there was an appreciable photochemical effect on 

the groundwood pulp. The authors (11) also reported that 

the action of the ultra-violet li ·ht on the lignin was 

the cause of at least a part of the yellowing of the 

groundwood pulp. 

THE VARIATI01:S 1HTH pH 

The pH of the groundwood sample, both before and 

after treatment with ultra-violet light, has a large in­

fluence on the bri5htness of the pulp. The optimum pH 

' 
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for the highest brig_tness was found to be in the vicinity 

of 4.0. (7), a fact which was verified by Lewis, Reineck, 

and Fronmuller. (6) 

THE VARIATIOE T.1TITH OXYGEJ:i Al D OZONE 

The presence of oxygen in the atmosphere of the ir­

radiated sheet should also be considered. It was found 

that groundwood fades faster in the presence of atmos­

pheric oxygen than when it is not present. (11) Launer 

and Wilson (10) established that newsprint subjected to 

ultra-violet light in the absence of oxygen increased in 

bri·htness when the temperature was controlled. If the 

sheet was subsequently exposed to elevated temperatures, 

the brightness dropped.to its ori5inal level. When 

oxygen was present during the controlled temperature ir­

radiation, the brightness dropped. Other authors (7) 

stated that the role of oxygen in fading of groundwood 

vms small. They also pointed out that ozone alone bright­

ened groundwood, but in the presence of ozone and ultra­

violet light, the brightness dropped twice as much as 

with ultra-violet light alone. 

HOW ULTRA-VIOLET LIGHT AFFECTS UNBLEACHED CHEMICAL PULPS 

Little information is available on the action of 

ultra-violet light on chemical pulps, but Graff (9) did 

report that the brightness of unbleached spruce sulphite 

decreased extensively for the first day, under the action 

of a Sterilamp and of the sun. Further decreases in 

brightness were noted, but were much more gradual. 
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surprisingly, the report showed that the brightness of a 

hardwood pulp, unoleached basswood sulphite, increased, 

after a sli3ht initial decrease. It was also found that 

coniferous unbleached Kraft and soda pulps showed a 

gradual increase in brightness when exposed to ultra­

violet li5ht. 

·when Launer and Wilson ( 1 O) exposed soda-sulphite

and refined sulphite sheets to ultra-violet light at con­

trolled temperature, the brightness increased. However, 

they found that in the absence of temperature control, 

botl: types of paper yellowed. Another interisting aspect 

of their investi5ation showed that this yellowing, caused 

by heat, could ·be bleached out with light. Inversely, 

bleaching caused by light could be nullified by heat. 

They also reported that light did not cause yellowing, 

but that t_e tre2ted fibers exhibited, upon aging, rela­

tively rapid changes which were not photochemical. Launer 

and Wilson showed th&t soda-sul.hite papers, irradiated 

with ultra-violet light under controlled temperature in 

absence of oxy en brightened, but that the brightness 

increase was smaller than in the presence of oxygen under 

controlled te□perature conditions. 

Lewis,Reineck, and Fronmuller (6) found that both 

bleached and unbleached sulphite faded when exposed to 

s nlight for 35 hours. It was not stated whether this was 

deciduous or coniferous pulp. 

Beca1 se of the seeming lack of knowledge of the ef­

fects which ultra-violet lisht has on unbleached high 

ll 
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�rield pul!ls .::,.:1.0 to better study e.nd unders ta:1.d the c::'fects 

of ul tro,-violet lie;ht on unbleacl�ea che:nico.l pulps, o.n 

experinento.l stua�, ,.:ill be undertaken. 



( 1 ) 

(2) 

(3) 

( 4) 

(5) 

(6) 
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TEE EFFECTS OF ULTRAVI LET LIGHT 

ON THE COLOR OF UNBLEACHED PULPS 

EXPERIMENTAL DESIGN 

1 1 • 

Throughout the literature survey there was found 

only limited information on the effects of ultraviolet 

light on any of the high yield unbleached pulps. It was 

decided, in view of the recent interest shown for these 

pulps, to undertake some experimental work. 

Two groups of pulps will be studied as to the effect 

of ultraviolet light on their color. The first group, 

the high yield pulps, will include cold caustic soda pulp, 

neutral sulphite semi-chemical pulp, groundwood, and chemi­

groundwood pulp. The second group of pulps will include 

chemical woodpulps: kraft, sulphite, and soda pulps. 

These will also be in unbleached condition. 

The pulps will be formed into handsheets for optical 

testing according to TAPPI Standards, with special empha­

sis placed on the removal of residual chemicals before 

the start of the experimental work. 

Variables in the experiments include t:me of exposure 

to ultraviolet light and the pH at which the sheets are 

formed. The effects of ultraviolet light will be checked 

after O, 4, 12, 24, and 48 hours of exposure. The pH of 

the sheets bein.c;· exposed will be 4, 7, and 10. Adjustments 

to these pH levels will be made with alum or Sulphuric 

acid on the one hand, and with sodium hydroxide or sodium 

aluminate on the other hand. Six sets of handsheets will 

be made to determine what, if any, differences are caused 
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by varying the pH by two different chemicals. 

The equipment to be used for the irradiation of the 

samples will be a Fade-Ometer. All sheets will be checked 

by means of the I. P. c. Brightness Tester -por brightness 

and yelloi;mess. If time permits, color curves will be 

established, and if so, all fil�ers of the I. P. c.

instrument will be used. 
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The materials used in formin5 the Optical 31"ii:;hti'1ess 

Pads ·Here unbleached pulps ranging from high yield chemi­

groundi.·1ood pulp to uell cooked sulphites. '.i'hese pulps uere: 

1 • 
2. 
3. 
4. 

5. 
6. 

7. 
8. 

Hardwood Chemi-groundwood 
Hardwood 
Hard'\'iOOd 
Hardwood 
Hard,1ood 
Eardvrood 

Sulphite 
Soda 
N. S.S. C. ( 70'.6 
r � c c (78=1 

\ • u • U • • ·10 

Cold soda 
Coniferous !Craft 
Coniferous Sulphite 

yield) 
yield) 

The forming of the Optical 3ri;::htness Pacs 1-ras done ac­

cording to TAPP:! Standard T-218, with the exception that the 

pH values were adjusted to definite levels. The reagents 

used to obtain these pH levels were 1 ;t sulphuric acid and 

papermaker' s 2.lum on the acid side, as well as 1 ;; sodium hy­

droxide and 5-251 sodium aluminate on the basic side. 

All samples were irradiated in a type :?DA-R Fade-Ometer 

manufactured by the �tlas Electric Devices Company. The 

s2c.mples 1.rere exposed to the ultraviolet rays of the Fe.d.e­

Ometer for pePiods of four, twelve, twenty-four, and fourty­

ei5ht hours. Complete color curves, ie., reflectance values 

determined with the nine filters of the :r.p.c. Brishtness 

Tester, 1·1ere te.ken before any ir•radia tion of the sample e.nd 

after 48 hours of irradiation. Partial color curves, ie., 

reflectance values for filters 1, 2, 5 ,>:7, and 9 ;- uere produced 

for the se..rnples after 4, 12, 2.nd 24 houl"s of' irradiation, 

bec2.use of the time :f'actor involved in "c.'.S�·::::: �J.l filters. 

After each perj_od of ultraviolet exposure, a one inch sa.mple 



was cut from the originar:.specimen so that a visual compar­

ison of the prosress caused b:r irradi2.tion could be made. 

EQUIFIJtEj'.-;T USED 

The Fade-Ometer is an electrically _operated device used 

to approximate the irradiation of noon June sunlisht both 

qualitatively and qua�--ititativ�ly. Four and two third hours 

in the. Fade-Ometer is equivalent to six hours in the standard 

outdoor sun test. The Fade-Ometer gives this type of irre.d­

iation continuously and hence is valuable for accelerated 

tests. 

The ambient air temperature at the face of the specimens 

is controlled to within t 3° F, if the temperature control 

is set between 95 and 150° F. There is also a dial type 

thermometer which gives the ambient temperature in accordance 

with the specification of the A.S.T.H. The Fade-Ometer has 

a ventilatins system for controllin5 the tem})erature in the 

, test che.mber. This system incorporates filtered air and is 

controlled by an electrically operated blower which is actu­

ated by a thermo-regulator. 

Humidity is adjusted by a constant level reservoir 

which adds moisture to filtered air by means of evaporation· 

from a set of wicks partially submerged in the reservoir. 

Dependins upon atmospheric conditions and the condition of 

the wicks, ti1e relative humidity may be up to 50% in the 

test chamber. 

The test specimens were held in a vertical position 

supported at both the top o.nd bottom. Ti1e specimen holders 

used uere type SL-LSR stc:dnle:::s steel holders, 5ivinc; an e::­

posure e.ree. of 1 3/4" x 5 11 • 

The ultraviolet li5ht is produced by the Atl�s Violet 

1h ~· 



Carbon Arc. This arc gives a continuous spectrum of li5ht 

from 279 mu to 20,000 mu. The arc is produced by passinc a 

controlled ctu-•i-·ent between one solid c::.rbon electrode and 

two cored electrodes or vice versa. The arc is encased in a 

Pyrex clobe uhich filters out the shorter iravelensths so 

that the radiation at the sheets will approximate su�mer 

sunlight. The 5lcoe also :protects the sa:-r:ples from the prod-

ucts of combustion of the arcs and 5ives extended life to the 

electr•odes. 

/1.ll recorded values for. 2.11 filters uere obt2.ined by 

means of the I.P.C. Bri5htness Tester. The recorded values 

are the average of three or �ore readings. The I.P.c. Bright­

ness Tester is e. photoelectric instrument ".'Thich measures the 

reflectance of a sample, as compared to the reflectance of a 

ma5nesium oxide block. 

The li5ht is incident upon the samples at a 45° ansle. 

The reflected light passes through a series of lenses and 

one of the nine filters into an active phototube. The cur-

rent created i::i the phototube is r'esulated to oppose a cur-

rent set \lP in a ctLimy phototube. �·!hen a current ba.12.nce is 

set up, the reflectance reading is taken from a vernier 

brishtness scale. 

The effective wuvelength of reflected light correspond-

inc to each of the filters is 2.s follous: 

Filter 
2 
3 
4 
5 
6 

7 
B 

457 millimicrons 
400 
21-39 

491 
537 
571 
606 
630 
651 9 



The stu.nde.Pd, ':Thi ch '.w.s u sec": to set the reflecto..nce 

values, was obtained throu5h subscription to the Institute 

of Paper Chemistry. 
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DISCUSSION OF RESULTS 

Fi5ures 1-8 show the color curves of the eight pulps 

before irradiation and after 48 hours of irradiation. The 

color curves shovm are for the pulp::samples without pH 

control and are the average of two such samples. 

Of these eight pulps, three shovred an increase in· 

percent reflectance at each filter over the 400 mu. to 

650 mu. range caused by ultraviolet irradiation. Tvrn of 

these pulps, the unbleached hardvrood soda and the unbleached 

coniferous kraft showed a nearly equal increase in reflectance 

over this ran5e. The third sample, unbleached he.rdi;rnod 

sulphite, shewed only a mild increase in reflectance in the 

blue and violet ranges, but a much larger increase in reflect­

ance in the red, orange, and yellow range. 

The remainin5 five pulps Hr1en m:posed to ultraviolet 

lic;ht shOi·recl a loss in percent reflectance in the blue and 

violet ranse, but exhibited varyin5 results in the longer 

wavelength re0ions. Both unbleached he.rd.wood n.s.s.c. (70% 

yield) and. unblee.chec_ coniferous sulphite shoued a loss in 

reflectance e.t 2.11 1.mvelen5ths in the visable resion. 

Houever, the y,eflectance difference we.s noticeable smaller· 

in the longer 1:rn.velencth '.!."'egions. Unbleached h2.rdwood cold 

sodo. D.nd. unbleacl:ed harduood chemi-grcunduood pulp color 

curves, before irradiation and after 48 hours irradiation, 

were characterized by a loss in reflectance in the shorter 

;,rn,yelensth resions, anc. a convergence of the color curves in 

the orange re5ion. In the rect-orane;e resions, the percent 

reflect2.nce of the irridiated samples was gree.ter than that 
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of the non-irraclie.ted. sam:ples. The unbleached hardtrood 

N.S.S.C.(781 yield) pulp was lower in percent reflectance 

after irradiation up to the yellow-green region but had a 

higher percent reflectance than the non-irradiated:1pulp 

after this point. 

The samples, adjusted to a pH level of four with 

papermakers' alum, al though not havins the lm-rnst color 

values before the sheets we�e irradiated, lost more in per-

cent reflectance than the pulps adjusted to other pH levels. 

In most co.sos the color curve of the e.lum adjusted se.mple 

was the lowest after 48 hours of irradiation. 

When sulphuric. acid w2.s used to adjust the pH level to 

four, the color curve uas, in 5eneral, the highest of any of 

the sheets tested, both before and after irradiation. The 

one case uhich vms obviously different ·was unbleached conifer-

. 

ous sulphite. There the color curves for the control sheets 

were higher before and after irradiation than the sulphuric acid 

adjusted sheets. 

The test sheets which lrere adjusted to 2. pH level of ten 

with either sodium hydroxide or sodium aluminate can best be 

discussed by comp2.rin5 them ui th each othe::."' 2,nd also a13ainst 

the alum adjusted sheets. 

For all pulps tested either the sodium hydroxide or the 

soaium e..luminate adjusted sheets had the loi-rnst color curve 

before irradiation. The values obtained in the presence of the 

two chemicals were very close, each having the lowest color 

curve in four cases. There was no change in the relative 
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location cf the color curves between the two -- the one 

color curve that had the low values remained low for all 

filters and all exposure times. 

The original color curves for alum adjusted sheets were 

above those of the pH ten sheets before irradiation. How­

ever, the alum adjusted sheets, after irradiation, lost 

more bri5htness in the cases of the five sheets that yellovred 

and gained less brightness in the cases of the three pulps 

vrt1ich showed an increase in reflectance. This loss or gain 

moved the color curve of the alum adjusted sheets to a posit­

ion lower than the location of the sheets to pH ten. The 

only exce:ption to this fe.ct 1·ras in the case of unbleached 

hard1wod soda pulp. 

V2,riables other than time and pH level which affect the 

color of unble2.ched pulp include temperature, composition of 

the surrounding atmosphere, and the presence of metallic ions. 

The tempere.ture at the face of the sa.mples was 110 ± 5,:-F. The 

atmosphere in which the samples were exposed may have contained 

some ozone formed by the arc of the Fade-Ometer. Ho effort, 

other than using distilled �-rater in forming optical test pads, 

was made to free the sheets of metallic ions. The degree to 

which these variables affected the results was not explored. 

COECLUSIOES 

From t:-ie limj.ted number of experiments uhich were con­

ducted ue can conclude that: 

1 • Unbleached conife:r·ous kraft, unblee.ched hardJ;1ood
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sul:phite, and unbleached hardHood soda pulps brightened 

vrhen exposed to ultraviolet li5ht. 

2. Unbleached hai-'d·wood N.S.S.C. (70% yield), unbleached

coniferous sulphite, unbleached hardwood cold sode., and 

unbleached hardi.·rood chemi-5round1·rood pulps yello,·red when 

exposed to ultraviolet li3ht. 

3. Ad;justine; the pH to four 1·lith sulphuric acid increased

the reflectance of most pulps 1•1hile adjusting the pH to 

ten wit� sodium hydroxide decreased the reflectance of 

the pulps. This was observed before irradiation with 

ultraviolet light. 

4. m1en pe,permal:ers' alum was used to 2..djust the pH of

the sheets to four, the reflectance values before 

irrac.iation decre2.sed slightly in most cases. There we,s 

a largei� drop in the reflectance value ':Then the pH of the 

pulp is adjusted to the pH ten with sodium aluminat�. 

5. Both means of adjusting the pH to ten, namely sodium

hydroxide and sodium aluminate; decreased the ini tic.1 

brightness of the pulp. However, there was little 

correlation between the effects of the tvo compounds used 

to adjust the pulp pH to four, namely sulphuric acid and 

9aperma:rnrs' alum. 

6. Experim.ental rest1l ts shovred that none of the compouna.s

used in pH control stabilized consistently the color of 

unbleached pulp exposed to ultraviolet irradiation. 



EXPLANlTION OF CODE 
-------

The sheet munbers 01 and C2 indicate 

test sheets 11hich had no pH control. The 

subscripts were used for identifying the 

sheets during testing. In all other cues 

the initial A indicated the stock slurry 

was adjusted to a definite pH leTel. The 

remaining letter(s) tells what chemical 

was used to adjust the pH. The code used 

!or these chemicals wasa

A. - papermaker•s alum

SA - sodiUJll aluainate 

H2 - eul.phuric acid 

Na - sodillll hydroxide 

The number in parenthesis was the pH ot

the stock slurry from which the bright­

nesas wre formed. 

.. 

... 

.. 



I. P. C. BRIGHTNESS TF.STER REFLECTANCE VALUES FOR COLOR CURVES

.... .uv..l, 

Number 

C1 (6.5) 
C2 (6.5)
A.Na (7) 
ASa (7) 
il (4) 
AH2 (4) 
ANa (10) 
ASA (10) 

C1 (6.5) 
C2 (6.5) 
ANa (7) 
ASA. (7) 
AA (4) 
AH2 (4) 
ANa (10) 
ASA (10) 

Cl (6.5) 
C2 (6.5) 
A.Na (7) 
ASA. (7) 
AA (4) 
AH2 (4) 
A.Na (10) 
ASA (10) 

01 (6.5) 
C2 (6.5)
AJla (7) 
ASA (7) 
AA (4)
AH2 (4) 
A.Na (10) 
ASA (10) 

� (6.5)
(6.5) 

A.Na (7) 
ASA (7) 

.u (4� Ali2 (4 
ANa 10 

UNBLEACHED HARDWOOD CHEMI-aROUNDWOOD 

Filter 2 Filter 3 Filter l 
400 JIU 439 mu 457 mu 

EXPOSURE TIME - C � Hours 

37.8 50.4 53.0 
38.6 51.3 53.4 
38.o so.a 52.�
35.6 47.2 49.7 
35.4 47.5 49.8 
38.5 51.9 5 .9 
34.9 46.1 ue.z 
35.5 46.4 48.9 

EXPOSURE Tm -4 HOVI 

32.5 45.5 47.5 
32.8 46.o 48.6
32.6 45.2 47.6 
30.6 43.2 45.6 
30.1 42.2 44.3 
32.1 46.l 48.5
31.5 43.3 45.5 
31.9 43.2 45.7 

ElPOSURE TIME - J l2 Hours

26.5 41.J 44.4 
27.0 41.3 44.7 
27.4 40.9 44.6 
26.2 39.L 42.7 
24.1 37.5 40.a
26.3 40.7 44.5 
26.3 39.9 43 • .3
27.2 40.5 43.5 

�URE TIME - � 4 Hours 

24.6 
24.4 
24.5 
23.S
22.l.
24.2
24.6 
21'.6 

�mmre 
18.4 29.6 
17.9 28.8 
17.6 28.8 
16.7 28.1 
15.7 26.0 
17.1 27.6 
17.6 28.8

29.0

42.0 
1'1.7 
41.7 
40.1 
38.2 
40.9 
40.7 
40.9 

h:>URS 

33.7 
32.9 
3.3.2 
32.2 
29.6
31.8
32.7 
.33.2 

Filter 4 Filter 5 Filter 6 
491 mu 537 mu 571 mu 

58.o 63.1 66.9
56.5 63.5 68.3 
57.5 62.2 66.1 
55.5 . 60.2 64.5 
56.3 61.2 65.1 
5 .1 64.L 68.7 
s,.1 S?.1 62.S
S3.4 sa.1 62.9 

54.5 60.6 66.8 
54.6 60.9 66.2 
54.o 60.o 64.9
52.4, 56.5 63.5 
51,1 58 • .3 63.L.
55.l 61.6 67.h
51.5 57.3 62.6 
52.3 57.9 63.3 

52.3 60.3 66.L
52.8 60.8 67.0 
52.2 59.6 65.B
50.4 58.l 63.6
49.3 57.4 63.J
52.4 60.9 67.4 
50.5 58.o 63.7
51.0 59.9 64.6 

59.l 
59.0 
58.2 
51.2 
55.9 
59.0 
51.3 
51.6 

42.9 54.l 63.1 
42.4 53.9 63 • .3
42.6 S3.7 62.8 
u.2 s2.3 61.l.!. 

�-2 �9.q 58.8 
.1 2.L. 62.5 

41.9 53.l 62.5 

Filter 7 
606 mu 

71.0 
11.3 
69.5 
67.5 
67.9 
12.5 
66.3 
66.6 

69.4 
69.li 
67.8 
67.3 
67.9 
71.1 
66.o
66.7 

71.2 
70.4 
70.1 
68.l
69.5 
12.1
69.9 
69.3 

70.2 
70.1 
10.0 
61.5 
68�0 
71.6 
68.2 
69.o

70.6 
70.4 
10.2 

68.2 
66.2 
69.5 
69.2 

Filter 8 Filter9 
630 mu 6�mu 

74.4 76.8 
74.5 76.8 
73.1 75.1 
71.3 74.2 
71.8 74.5 
74.4 11.a
69.6 72.2 
69.7 73.2 

73.1 15.5 
73.1 75.4 
12.0 74.4 
10.$ 12.3 
70.6 73.7 
74.S 11.0 
69.8 73.0 
10.a 13.5 

74.4 76.6 
74.5 76.7 
73.h 75.5 
71.3 74.6 
72.0 74.3 
15.6 77.l!
11.L 74.0
71.8 74.5 

76.9 
76.2 
75.6 
75.1 
74.8 
78.1 
74.7 
75.8 

75.6 78.2 
15.3 78.h
74.7 77.6 
72.7 76.1 
11.2 7k•'1,.1 7 .7
73.5 
74.1 

77.1 

• 

' 

I 
ASA ho~ 11.a 53.4 69.3 11.2 



I. P. C. BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED HARDWOOD SULPHITE 

Sheet Filter 2 Filter 3 Filter 1 Filter 4 Filter 5 Filter 6 Filter 7 Filter 8 Filter 9
OCL .� 45-1 9-l_mu .l 1- W6 63 6S1-1m-

EXPOSURE TIME - Hours 

01 (7.1) 39.0 47.4 49.7 54.6 59.3 63.2 67.l 69.5 11.1 
02 (7.1) 39. 47.9 49.9 55.3 59.6 63.6 67.1 10.0 72.4 
AA (4) 34.9 1i2.2 44.7 51.2 56.o 6o.6 63.l. 66.6 69.3 
AH2 (4) 4o.s 49.S 51.B 56.9 61.8 66.o 10.0 72.6 74.7 
ANa (10) 39.6 47.5 49.7 54.9 58.9 62.9 65.7 68.6 71.3 
.&SA (10) 3S.3 h2.8 44.5 49.8 54.1 51.1 61.3 64.0 66.J 

inspect on of th sheets, so no v ues were 

URE TIME - Hours 

C1 (7.1) 37.3 5o.o 57.6 69.5 74 • .3 
02 (7.1) 38.2 50.9 58.l 10.1 75.4 
AA (4) 33.4 

ri-8 5h.� 67.3 72.4 
AH2 (4) 39.2 .6 59. 72.3 77.4 
ANa (10) 38.4 49.9 51.0 68.1 73.3 
ASA (10) 33.l: 44.7 51.6 63.5 67.h. 

URE TIME - Hours 

C1 (7.1) 37.7 50.1 62.5 70.2 75.4 
C2 (7.1) 38.9 51.3 63.1 71.3 76.6 
il (4) 33.3 45.7 58.1 67.4 12.1 
AH2 (4) 4o.o 52.1 64.7 74.o 79.0 
ANa (10) 38.6 50.3 61.9 10.0 74.6 
.&SA (10) 33.3 44.7 55.7 62.6 67.9 

XPOSURE IME- Hours 

01 (7.1) 39.1 48.8 51.o 57.1 63.5 68.4 71.7 75.o 76.8 
� (7.1) 40.3 49.2 52.0 57.9 64.1 68.9 72.5 15.5 11.5 
AA (4) 34.5 44.o 46.5 52.9 59.4 64.l 68.5 71.2 73.7 
AH2 (4) 41.4 50.1 53.2 59.1 65.1 10.1 74.4 77.2 80 • .3 
ANa (10� 39.6 48.6 50.9 51.0 6 .2 67.9 10.9 4.3 76.2 
ASA (10 34.1 ia.1 li5.l 56.6 �6.2 60.2 63.2 66.1 68., 

JIU 43 _JDU 0 JIU 

0 

URE TDIB - Hours 

48 



I. P. C. BRIGHTNESS TFSTER REFLECTANCE VALUF.S FOR COLOR CURVF.s

UNBLEA.CHED HARDWOOD N. S.S. C. (78% YIELD) 

Sheet Filter 2 Filter 3 Filter l Filter 4 Filter 5 Filter 6IFilter 7 Filter 8 Filter 9 
Nwnbe ... l,Qn -• 1,3-9 -· 4�7 _, J1Ql _, �J-7 '"" �1-L.Dm, . :.606_mu 6':ln -· 1\SLJIIU__ 

EXPOSURE TIME - < Hours 
C1 (6.8) 20.0 29.4 32.6 .38.7 44.6 50.6 55.8 60.3 63.4 
C2 (6.8) 20.2 .30.4 32.5 J8.6 44.8 51.l 56.e 60.7 64.4 
AA (4) 19.8 29.0 31.4 37.5 44.6 ,o.6 56.2 61.3 65.2 
AH2 (4) 20.9 31.5 33.3 39.8 46.4 52.8 59.2 63.4 67.1 
ANa (10) 17.4 27.0 29.3 35.5 41.5 47.0 52.2 57.4 60.1 
ASA (10) 18.2 27.6 30.2 35.8 - 41.7 47.6 53.3 57.8 62 • .3 

EXPOSURE TIME - l Hours

No change was notic �eable up< n visual iMpecti< ,n of the sheets, 1 o no valt es were l ecorded. 

EXPOSURE TIME - J 2 Hours 

� �6.al
20.0 29.8 32.5 39.2 46.4 s2 • .3 51.lt 62.6 65.9 

6.8 19.9 30.2 32.9 39.4 46.8 52.8 ss.2 62.7 65.6 
AA (4) 17.5 21.2 30.1 36.7 44.9 51.7 56.9 62.6 65.4 
AH2 (4) 19.7 30.,. 32.9 39.6 48.3 54.6 60.4 64.2 67.3 
ANa (10) 18.6 28.5 30.6 37.6 43.4 49 • .3 55.o 60.o 63.1 
ASA (10) 19.4 28.6 31.2 37.2 44.6 50.4 S5.9 60.6 63.9 

EXPOSURE TIME - � 4 Hours

Cl (6.8) 18.3 31.l 46.8 59.5 67.1 
C2 (6.8) 18.0 .31.1 45.6 59.2 66.8 
il (4) 15.8 28.1 43.9 57.6 66.2 
AH2 (4) 18.4 31.0 46.9 60.3 67.8 
ANa (10) 17.1 29.5 44.3 56 • .3 64.8 
ASA. (10) 17.6 30.0 44.7 51.5 65.5 

EXPOSURE TIME - J 8 Hours

C1 (6.8) 14.9 24.3 27.3 35.2 45.1 53.3 59.9 65.6 69.5 
c2 �6.8) 14.7 24.0 27.1 35.0 44.4 52.1 59.6 65.1 68.8 
AA 4) 12.6 21.0 24.0 31.5 40.9 49.4 56.5 61.9 65.5 
AH2 (4) 14.7 23.9 26.8 34.6 44.6 53.6 60.7 65.8 69.8 
ANa (10) 14.3 23.4 26.4 33.7 42.6 so.6 51.5 63.1 66.9 
ASA. (10) 14.6 23.8 26.7 34.2 43.3 51.6 57.9 63.5 67.6 

I I - - - ,. - - - -, 
. 

t I 

. 

• . 
r 

. 

I 

I 

I 

I 

I 

I 



I. P. C. BRIGHTNF.SS TESTER REFLECTANCE VALUES FOR COLOR CUR�

UNBLEACHED HARDWOOD COLD SODA 

C1 (7.1) 26.7 43.4 1'6.S 54.l 61.3 97.3 72.1 76.3 79.2 
C2 (7.1) 26.6 42.9 46.1 53.8 60.8 67.2 71.8 76.o 79.1 

(4) 26.7 42.6 45.3 53.0 60.2 65.9 10.3 74.o 77.0 
AH2 (h) 27.9 45.2 48.5 56.2 64.o 70.0 15.o 78.S 81.�
ANa (10) 26.6 42.o 45.1 52.5 59.0 65.3 10.0 74.1 77.0 
ASA (10) 25.S ho.7 43.7 so.a 57.3 62.9 68.3 72.2 75.4 

URE IME- Hours 

01 (7.1) 26.0 44.S 60.2 72.7 78 •. '> 
c2 (7.1) 26.0 43.8 59.8 71.7 78.5 
il (4) 23.S 41.7 58.o 69.2 76.0 
AH2 (4) 21.s 45.9 62.9 75.4 81.1 
ANa (10) 26.3 43.4 58.9 10.1 11.9 
ASA (10) 25.5 42.0 56.? 67.6 1,.0 

URE DIE - Hours 

Cl (7.1) 21.0 39.6 59.0 72.5 80.2 
C2 (7.1) 21.0 39.4 58.8 72.3 80.1 

(4) 17.7 35.6 55.3 68.o 75.1 
AH2 (4) 21.0 39.7 60.5 74.S 82.3 

(10) 21.4 39.3 57.9 10.a 78.5 
ASA (10) 20.8 38.2 55.5 67.8 75.4 

XPOSURE :00: - 2 Hours 

Cl (7.1) 19.9 36.4 55.9 10.3 78.? 
C2 (7.1) 20.1 36.4 55.7 70.1 77.8 
AA (4) 17.8 33.8 52.8 67.2 74.7 
AH2 (4) 20.1 36.8 57-.3 72.6 80.2 
ANa (10) 20.3 36.3 ss.2 69.9 77.4 
ASA (10) 19.S 34.8 52.8 66.1 74.2 

URE IME -- 4 Hours 

C1 (7.1) 18.1 29.6 33.2 42.9 54.� 64.o 70.8 76.1 79.5 
02 (7.1) 18.5 29.4 33.3 43.2 54.6 64.1 10.9 76.2 79.8 

(4) 16.4 26.8 30.1 39.5 50.S 59.8 66.1 10.3 74.h
(4) 17.6 29.l 32.8 42.5 54.S 64.9 72.9 77.3 80.3

a (10) 18.5 29.2 33.1 42.7 53.9 63.2 70.4 75.3 78.5
(10) 17.3 28.1 31.7 41.l ,1.7 60.6 67.4 71.9 15.1, 

Sheet Filter 2 Filter 3 Filter 1 Filter 4 Filter 5 Filter 6 Filter 7 ilter 8 Filter 9 
Number 00 mu .32 mu h5.1 mu 1 mu 606_mu O_mu J__mu_ 

. Hours 

AA 

T 4 

12 

• 

E 

T 



I. P. C. BRIGHTNESS TFSTER REFLECTANCE VALUES FOR COLOR CURVF.S

UNBLEACHED CONIFEROUS SULPHITE 

C1 (7.0) 47.4 58.3 60 • .3 65,l 10.0 74.5 78.l
c2 (7.0) 45.6 56.5 59.1 64.1 68.5 12.9 76.3
AA (4) 37.4 47.6 50.3 55.3 61.2 66.1 69.5
AH2 (4) 42.9 54.8 57.1 62.7 68.2 72.8 77.8
.lN& (10) 40.4 52.4 54.l 6o.6 65.9 70.0 74.5
ASA (10) 37.4 48.9 50.9 51.1 64.3 69.7 74.5

FOSURE nm-4 Roura

CJ. 40.6 54.6 67.2 76.2 
c2 40.0 53.9 66.3 74.5 

32.7 46.1 58.4 67.2 
38.4 51.7 65.2 74.9 
38.6 52.4 64.2 72.9 
35.1 49.6 62.7 73.0 

DIE- Hours 

C1 (7.0) 37.9 52.1 67.1 76.1 
c2 (7.0) 36.7 51.5 64.6 75.9 

(4) 30.2 44.l 57.8 66.8 
2 (4) 35.8 50.0 63.8 75.li
a (10) 36.2 so.o 63.3 73.8 
A (10) 33.1 47.)� 62.0 73.2 

URE DIE - 2 Hours 

1 (1.0) 34.9 49.9 64.3 74.4 
2 (7.0) 34.9 49.2 63.6 73.9 

(4) 28.0 41.l 54.8 64.8 
2 (4) 33.5 48.l 62.5 75.1 
a (10) 34.6 48.J., 62.9 73.1 
A (10) 31.0 45.8 61.0 71.8 

IME - 4 Hours 

1 (7.o) 36.2 46.o 48.4 56.o 63.9 71.2 74.6 
2 (7.0) 34.9 44.7 47.0 54.1 62.o 68.7 73.9 

(4) 28.2 37.7 4o.� 47.J 54.7 60.7 65.2 
2 (4) 34.4 43.8 46.4 53.9 61.9 68.9 74.6 
a (10) 34.6 44.5 47.0 54.2 61.4 68.5 72.6 
A (10) 32.0 42.6 45.1 52.4 6o.3 67.2 72.2 

ao.1 81.5 
79.2 81.1 
12.3 74.3 
79.2 81.3 
77.1 79.1 
77.8 79.7 

81.5 
80.2 
12.0 
80.0 
78.8 
78.9 

82.7 
80.5 
72.5 
81.8 
79.0 
79.3 

81.8 
80.1 
70.4 
81.6 
79.2 
78.9 

79.2 81.4 
77.6 80.4 
68.6 71.4 
77.9 ao., 
u,., 79.0 
76.1 78.7 

Sheet ilter 3f.ter 1 
--~ •umbe-~ ~~~ u-1-~ ~ ~ ]~- - ~----~ 

DIE - 0 Hours 

(7.0) 
(7.0) 
(4) 
(4) 

a (10) 
(10) 

URE 

T 

I 

-

l 

e 



I. P. C. BRIGHTNF.SS TESTER REFLECTA..'-lCE VALUES FOR COLOR CURVE'S

UNBIEACHED HARDWOOD N. s. S. C. (70% YIELD) 

Sheet Filter 2 Filter 3 Filter 1 Filter 4 Filter 5 Filter 6 Filter 7 Filter 8 Filter S 
be QO 4l 4-51- 49 1- 606-lllll. 63 6-5Llllll-

IME -0 Hour•

l (7.0) 29.2 43.6 47.2 54.l 59.1 64.o 69.Jt 71.9 75.7 
2 (7.0) 26.2 43.3 45.9 53.1 59.0 63.i, 68.5 12.0 74.7 
(4) 29.8 41.9 45.5 53.2 60.1 65.6 69.5 12.1 74.8 

2 (4) 31.6 45.9 49.2 56.1 · 62.3 67.1 10.9 73.5 76.) 
a (10) 21.9 40.8 43.9 49.9 56.o 61.3 65.9 10.1 73.5 
A (10) 28.5 41.5 44.5 50.9 57.2 62.3 66.9 11.3 74.4 

DIE -- 4 Hours 

o change visual pectio of the beets, s no valu s 11ere r corded. 

IME- Hours 
-

(7.0) 20.1 36.8 52.9 64.6 71.0 
2 (7.0) 20.5 36.9 52.9 64.9 71.8 
(4) 18.1..i 33.5 51.0 63.4 71.9 

2 (4) 22.1 39.0 56.o 69.0 74.9 
(10) 20.8 36.4 51.3 63.7 70.4 

A (10) 21.3 36.8 52.3 64.2 11.1 

DIE -- 2 Hours 

1 (7.0) 19.2 34.6 ,1., 64.J 72.0 
2 (7.0) 18.7 34.4 51.5 64.3 72.0 

(4) 17.4 31.7 49.7 63.3 12.0 
2 (4) 20.7 36.3 5b.6 68.7 15.1 
a (10) 19.6 34.7 50.1 63.1.i 71.1 
A (10) 20.1 .34.9 51.3 64.3 12.0 

nm-4 Hours 

1 (7.0) 16.6 28.2 31.2 40.1 49.5 57.4 63.5 68.9 72.1 
2 (7.0) 16.8 28.2 31.5 40.1 49.6 57.6 6).8 69.0 12-.1 

(4) 15.4 25.5 28.4 36.9 47.0 55.4 62.o 67.7 71.3 
2 (4) 18.9 29.3 32.8 41.8 52.2 61.2 67.1 12.6 75.9 
a (10) 17.9 28.7 31.8 40.2 49.7 51.0 64.o 68.8 72 • .3 
A (10) 18.4 28.9 32.2 40.5 49.8 51.S 63.7 68 .. 5 72.2 

Nu:D: r 4 . ---lll1l 

URE 

IIl'OOURE 
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I. P. C. BRIGHTNESS TESTER REFIECTANCE VALUF.s FOR COLOR CURVES

UNBLEAC$D HARDWOOD SODA 

Sheet Filter 2 Filter 3 Filter 1 Filter 4 Filter 5 Filter 6 Filter 7 Filter 8 Filter S 
Nwlber O<Lmu 39-DlU 457- 4-91 531- m 57-l. 606---DlU 30-mu. $l-11U 

URE IKE - 0 Hours

l (7.2) 36.5 43.5 45.8 51.4 56.6 61.6 65.S 68.2 10.5 
2 (7.2) 36.o 43.7 45.7 50.8 56.4 61.5 65.o 68.3 70.5

(4) 35.4 43.0 45.3 50.5 56.3 61.2 65.l 68.9 11.2
2 (4) 36.7 45.3 47.0 52.4 · 58.5 63.B 68.2 71.4 73.9 
a (10) 35.3 43.0 44.8 io.2 55.1 60.o 64.o 67.6 70.0 
A (10) 35.1 42.9 44.9 9.7 55.l 60.0 64.0 67.2 69.8 

xrosURE IllE - 4 Hours

1 (7.2) 38.8 47.8 56.5 67.5 12.9 
2 (7.2) JB.4 . 47.9 58.6 67.9 73.0 

(4) 38.3 47.9 59.1 67.8 73.2 
2 (4) 40.6 50.0 61.5 10.5 75.6 
a (10) 37.8 47.2 58.o 67.1 72.4 

(10) 37.6 47.0 51.6 66.4 71.8 

ORE IllE - Hours 

(7.2) 39.7 49.0 59.9 68.2 74.2 
2 (7.2) 40.0 49.2 60.l 68.5 74.1 

(4) 40.0 49.3 6o.4 68.6 74.1 
(4) 42.2 51.6 63.l 71.2 77.2 

a (10) 39.6 48.4 59.3 67.8 73.3 
A (10) 39.2 48.1 58.7 66.4 72.5 

XPOSURE DIE - 2 Hours 

(7.2) 42.0 51.l 62.0 69.6 75.6 
p-2) 42.3 51.4 62.3 70.3 75.7 
4) 41.6 51.0 62.2 69.9 74.9 

(4) 44.5 53.1 65.2 73.7 78.4 
a (10) 41.9 51.0 61.6 69.7 15.o
A (10) 41.4 50.5 61.1 68.6 74.$ 

XFOSURE IME - 4 , Hours 

1 (7.2) 44.4 51.9 54.1 59.2 64.7 69.2 72.1 15.6 78.8 
2 (7.2) 44.8 52.6 54.5 59.8 65.5 70.2 74.0 76.7 19.5 

(4) 42.4 50.7 53.4 $8.ll 64.o ea.9 71.8 71'.$ 76.7 
2 (4) 47.3 54.7 56.6 61.9 67.3 11.1 75.0 78.3 79.9 
a (10) 44.l 51.9 53.8 59.0 64.6 69.4 73.1 75.7 11.1 
A (10) 43.5 51.l 53.3 58.3 63.9 68.4 71.6 74.9 76.5 
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I. P. C. BRIGHI'NESS TESTER REFLECTANCE VALUES FOR COLOR CURVF,S

UNBLEACHED CONIFEROUS KRAFT 

Sheet Filter 2 Filter 3 Filter 1 Filter 4 Filter 5 Filter 6 Filter 7 Filter 8 Filter 9 
43- 4$-1-mu $ l- .

POSURE D4E - 0 Hours

P-l rn·t� 
17.3 24.li. 25.9 31.h 36.9 42.3 47.3 52.0 55.8 

� . ; 
16.7 23.5 25.6 31.1 36.5 41.9 46.8 51.8 55.5 

I 
(7) 17.2 24.0 25 • .3 JO.I! 36.0 41.li 46.4 51.6 54.9 

�2 (7) 17.9 25.2 27.1 32 • .3 37.2 · 43.3 49.l 54.6 58.4 
u (4) 17.2 23.8 25.7 30.0 36.1 41.l 46.2 49.9 53.l

i�
2 (4

) 
18.5 26.,3 28.0 33.4 39.0 46 • .3 52.8 57.6 61.8

a (10) 11.0 23.h 25�1 30.0 34.h 41.7 46.6 51.4 55.4 
A (10) 11.1, 24.5 25.9 31.1 35.6 42.8 48.2 52.1 56.6 

I 
l 

XPOSURE DlE - 4 Hours 

-1 (8.l�) 18.3 27.6 39.3 50.2- 58.2 
\2 ( B.l!.) 17.7 26.9 38.2 49.4 56.8 

(7) 18.3 27.3 39.0 49.9 51.1 
I (7) 19.3 28.1 39 • .3 51.3 60.o

(4) 18.1, 27 • .3 38.8 48.8 55.6 

2 (4) 20.0 29.5 40.7 54.2 62.7 
a (10) 16.9 26.0 35.7 48.2 56.L,
A (10) 18.0 27.6 37.h 49.8 57.h

XPOSURE IME- Hours 

(8.4) 18.7 28.5 46.1 52.7 60.3 
(8.4) 18.3 28.5 40.5 52.7 59.B

I 
(7) 18.5 28.2 40.7 52.4 59.6 

2(7) 19.l! 29.4 41.1 53.8 62.1,, 
(4) 18.8 2a.o 39.7 49.2 55.9 
(4) 20.1 30.3 42.3 56.2 64.9 

a (10) 17.8 27.4 38.l� 50.l 58.3 
(10) 18.1 27.8 38.8 51.J. 59.4 

XPOSURE IME - 21 Hours 

l (8.4) 19.8 30.1 42.6 $4.J. 61.4 
(8.4) 19.0 29.L 42.2 53.7 61.5 
(7) 19.J 29.6 42.3 53.3 61.6 

f 
(7) 20.9 30.8 42.8 55.k 62.8 

4) 18.9 28.6 40.8 so.1 57.6 
(4) 21.2 31.7 44.2 58.o 66.1 

I a (10) 18.3 21.1 38.9 51.5 58.8 
A (10} 19.7 29.8 41.3 52.9 61.5 

XPOSURE IME- 4 Hours 

1 l (8.4) 21.0 28.2 30.k. 36.6 43.7 50.1 55.5 60.o 63.6 
ij (8.1:,} 20.9 28.l 30.3 36.6 43.7 50.2 56.1 60.4 64.l

(7) 21.0 27.8 30.2 36.b 43.4 50.e 55.3 60.1 63.9

� 

(7) 21.8 29.2 31.1 37.1 44.3 51.2 56.5 61.6 64.8

�t� 
19.L. 26.2 28.1 34.2 40.4 45.4 so.4 54.8 56.7
21.9 28.8 31.4 37.0 44.2 ,2.$ $8.9 63.7 67.2 

�a (10) 20.8 27.6 30.0 35.l 42.l 8.1 $3.9 59.0 6,3.2 
ASA (10) 20.a 27.8 30.1 35.L. 42.2 49.2 ,4.6 59.5 63.6 

Number 400-JIJ.U.-+- 9 mu 6$ lll'J-
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