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ABSTRACT

Three methods using ultraviolet (UV) irradiation to control
microbial populations in bulk-stored maple sap were studied. For
3 successive years, sap from early season, midseason, and late
season sap flows was stored under the following conditions: tank
No. 1, untreated control; tank No. 2, sap passed through in-line
UV irradiation units before storage; tank No. 3, sap held under
continuous overhead UV irradiation with agitation by stirring; and
tank No. 4, sap passed through in-line UV irradiation units before
storage and held under continuous overhead UV irradiation without
agitation. The treatment given sap stored in tank 2 merely delayed
microbial growth in the sap, but the irradiation methods used for
tanks 3 and 4 gave good control of microbial populations in sap
stored 5 days. Sirups made from sap stored in tanks 3 and 4 were
equal in grade to sirup made from the same lot of sap before
storage. Sirup made from sap stored in tank 2 was slightly lower
in grade, and the sirup made from the untreated control (tank 1)
was consistently darker in color and inferior in flavor.

This publication reports a study carried out by J. L. Sipple and Son,
Bainbridge, New York 13733, under contract 12-14-100-7768(73) with the
Agricultural Research Service, U. S. Department of Agriculture. The work
was administered and the report published by the
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INTRODUCTION

Controlling microbial populations in maple sap is a major problem for
the maple sirup producer. Maple sap is sterile as it flows from the tree, but
it is subject to the attack of microbial contaminants from that time until it
is sterilized by the atmospheric boiling process. Bacteria, yeasts, and molds
can degrade sap so that sirup made from it will have off-flavors, dark color,
or a ropy texture. Therefore, microbial growth must be controlled to avoid
economic losses. This problem is complicated because the volume of sap pro-
duced and the duration of its flow are intermittent and unpredictable. One-
third of a year's sap flow may occur in a single day, and the volume of sap
produced by such a heavy flow can easily exceed the production capacity of an
evaporator plant. The evaporator operator must store the raw sap so that
microbial deterioration will be minimized. The development of central evapo-
rator plants to process the sap from a large number of farms has intensified
this problem.

Chemical additives cannot be used to control microbial contaminants in
sap because they impart off-flavors to sirup. Also, the 35~ to 40-fold con-
centration of sap required to produce sirup would increase chemical germicide
residues to levels above those permitted by food regulatory laws. Therefore,
the use of UV germicidal lamps to control microbial growth in maple sap offers
a good alternative to chemical germicides. Ultraviolet rays present no residue
problems and do not affect final product quality.

Initial laboratory studies that demonstrated the germicidal effects of
UV rays on maple sap microorganisms were made by Naghski and Willits,l/ Frank
and Willits,2/ and Schneider, Frank, and Willits.}/ The later pilot scale

1/Naghski, J., and Willits, C. O. Maple Sirup. VI. The sterilizing effect of
sunlight on maple sap collected in a transparent plastic bag. Food Technol.
7: 81-83., 1953.

i/Ftank, H. A., and Willits, C. O. Maple Sirup. XIII. Sterilizing effect of
sunlight on maple sap in transparent tubes. Appl. Microbiol. 8: 141-145. 1960.

3/Schneider, I. S., Frank, H. A., and Willits, C. 0. Maple Sirup. XIV. Ultra-
violet irradiation effects on the growth of some bacteria and yeasts. Food Res.
25: 654-662. 1960.



studies by Kissinger and Willits i/ and Kissinger, Willits, and Belli/ deter-
mined that the kind of in-line UV irradiation units used to sterilize home

water supplies could reduce microbial populations in sap by more than 90 percent
when the sap was pumped through a UV unit at a rate of 10 g.p.m. Also, bacterial
populations in small volumes (60 gal.) of stored sap could be controlled by
direct overhead UV lamps, if the sap surface exposed to the germicidal rays was
continually renewed by agitation.

This research was conducted to determine methods for controlling micro-
bial populations in large volumes of stored maple sap using in-line and direct
overhead UV irradiation systems.

MATERIALS AND METHODS
Tanks

Four rectangular, cylindrical-bottomed, galvanized iron tanks were
installed outside the evaporator plant. Each tank was 5 feet wide, 12 feet
long, and 3 1/2 feet deep at the deepest point, with a capacity of 1,137 gallons
(35 barrels). Each was equipped with an opaque cover to exclude sunlight (and
solar UV radiation). Two of the tanks were equipped with 30-watt tubular UV
lamps mounted under the tank covers so that the entire surface of the sap stored
in these tanks would be exposed to UV irradiation. Tank 3 was also equipped
with a small agitator driven by an electric motor. The agitator was used to
renew the surface of the stored sap continuously.

Ultraviolet Lamps
Tanks 3 and 4 were each equipped with three General Electric G30T8 uv
lamps mounted in series on the lower side of the center support plank of the
tank cover.

In-line Irradiation Units

Two Steroline MP2S in-line irradiation units connected in series were
used to irradiate sap as it was pumped into tanks 2 and 4.

Bacterial and Yeast Counts
Bacterial and yeast counts were made using standard methods of the Ameri-

can Public Health Association. Media used for bacterial and yeast counts were
tryptone glucose extract agar (Difco) and wort agar (Difco), respectively.

Y/Kissinger, J. C., and Willits, C. O. The control of microorganisms in flow-
ing maple sap by ultraviolet irradiation. Devlpmt. Indus. Microbiol. 7:
318-325. 1966.

E/Kissinger, J. C., Willits, C. O., and Bell, R. A. Control of bacterial growth
in stored maple sap by irradiation of the sap surface with germicidal lamps.
Devlpmt. Indus. Microbiol. 10: 140-149. 1969.



EXPERIMENTAL PROCEDURE

Each storage study followed the same procedure. A 5,000-gallon lot of
fresh, raw, maple sap was pumped into a bulk storage tank. After thorough
mixing, 1,000 gallons of the sap was immediately converted to standard density
sirup by the atmospheric boiling process. This sirup became the control for
comparison with sirups made from the lots of sap stored in the four 1,000-gallon
tanks. One thousand gallons of the raw sap was pumped into tank 1 (the control)
and held without any treatment to inhibit microbial growth during the storage
period. Tank 2 held a 1,000-gallon lot of sap that was pasteurized by passage
through two Steroline in-line UV irradiation units as it was pumped into the
tank at a rate of 18 g.p.m. This lot was not treated further during storage.
The 1,000 gallons of raw sap pumped directly into tank 3 was not pasteurized
before storage. This sap was irradiated throughout the storage period by over-
head UV lamps and was agitated to renew the surface of the stored sap continu-
ously. The final 1,000-gallon lot of raw sap was pasteurized by passage
through the in-line UV units at 18 g.p.m. as it was pumped into tank 4, and
then was held without agitation under the same storage conditions of direct
overhead UV irradiation used for tank 3.

After 5 days of stofage at ambient temperature, each lot of sap was
converted to standard density sirup by the atmospheric boiling process.

Samples were taken aseptically for bacterial and yeast counts from the
original 5,000 gallons of sap in the commercial tank, and from each of the
four storage tanks immediately after they were filled. Also, the pH and
temperature of these lots were recorded. Identical samples and measurements
were taken at 24-hour intervals thereafter until the end of the 5-day storage
period. Each lot of sirup was evaluated for color, flavor, and odor, and
tested for pH, Brix, percent invert sugar, and percent sugar sand.

This sap storage study was made each year for 3 successive years. The
studies were spaced so that early-, mid-, and late-season storage conditions
could be observed during each of the three sap flow seasons.

RESULTS AND DISCUSSION
Appendix tables 1 through 9 show the data from this research.

During the three sap flow seasons studied, yeast cell counts in the raw
sap were very low. The greatest yeast population was 30,000 cells per ml. in
the final control tank sample taken from the late season storage study of 1965
(app. table 3). Because yeast cell counts did not provide an adequate basis
for comparing the different storage procedures, they are shown only in the
- appendix tables. Bacterial populations of samples taken from the tanks during
the three seasons varied widely with significant differences directly related
to the storage methods.

Figures 1, 2, and 3 show the bacterial populations (colonies per ml,)
of the sap stored for 5-day periods during the three seasons of 1965, 1966,
and 1967, respectively. The bars, plotted on log scales, show the bacterial
populations of samples taken at the end of the storage period, immediately




before the stored sap was converted to sirup. The grade of sirup made from each
lot of sap is indicated above each bar. The bacterial populations of the ori-
ginal lots of sap from which the 1,000-gallon aliquots were taken for storage
are shown as broken lines.
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Figure 1;--Bacteria1 colonies per milliliter Figure 2.--Bacterial colonies per milliliter
in maple sap harvested in three seasons of in maple sap harvested in three seasons of
1965. Dotted line shows bacterial count 1966. Dotted line shows bacterial count
before storage; bars show counts at end of before storage; bars show counts at end of
5-day storage period. Tank 1, control tank 5-day storage period. (See caption for
(untreated sap); tank 2, sap irradiated with figure 1 for treatments of sap in tanks 1,

in-line UV lights as tank was filled; tank 3, 2, 3, and 4.)
sap irradiated continuously with overhead

UV lamps and agitated; and tank 4, sap

receiving combined treatments for tanks 2 and

3.

exceeded the bacterial counts of sap held in tanks 2, 3, and 4, and sirup made
from the control sap was usually one grade darker than sirup made from UV
irradiated sap. In one instance (late season, 1967), a medium amber sirup was
made from the control sap; dark amber sirup was made from the other lot§ of sap.
However, the control sap had a very high bacterial population (2.2 x 10’ colonies
per ml.), and a low PH of 6.2. Ropiness and a bad odor developed in the sap
stored in this tank, and the sirup made from it was badly off-flavored. We
decided to terminate this Storage study of tank 1 after 4 days. The sap lots



stored in tanks 2, 3, and 4 were held for the full 5-day storage period, These
results clearly demonstrate the undesirable effect of uncontrolled bacterial
growth in stored maple sap on final pProduct quality.
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The sap stored in tank 2 received yy Pasteurization only from the in-
line irradiation units. Aft initial severe reductions in bacterial pPopula-
tions, 8rowth took place in this sap as ambient temperatures permitted, Thus,
in the early season studies, low temperatures held bacterial growth to a
minimum, bqt during the late Season studies, warmer temperatures permitted

throughout the study, and the bacterial Populations of the Stored sap exceeded
those of the original

co
mid-1966 seasons. In the other Seven storage periods, bacterial populations



quality (color, flavor, and odor) to sirups made from their respective original
lots of sap.

Figure 4 is a graph of the early-, mid-, and late-season averages of the
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data presented in figures 1 through 3. The average bacterial populations of
sap samples taken from the commercial tank were similar in the early and mid-
season, 1.1 x 103 and 1.0 x 103 colonies per ml., respectively, but the late
season average shows an increase in bacterial population to 2.3 x 10“ colonies
per ml. This increase can be attributed to several factors over which the sap
producers had little or no control. Warmer seasonal temperatures, depletion
of germicidal taphole pellets, and contamination of equipment that had been
used since the season began with only field sanitation care, were all possible
causes of the increase. The average bacterial populations of sap lots stored
in tank 2 never equaled the average populations of the control (tank 1), but
increased steadily from 7.8 x 102 to 2.9 x 105 colonies per ml. from early to
late season storage periods. Bacterial populations of sap lots stored in tanks
3 and 4 increased slightly from early to late season, but the pasteurizing
effect of the UV irradiation by overhead lamps held the population increases to
a minimum. Late season average populations for tanks 3 and 4 were 8.9 x 102
and 1/8 x 103‘colonies per ml., respectively, indicating that both storage
methods gave excellent control of bacterial growth.

Figure 5 shows the progression of the average daily bacterial counts in
sap held under the four different conditions of storage during the nine studies.
The average bacterial count of the original commercial tank sap is used as the
reference point, and the zero day counts are averages of samples taken when the
1,000-gallon storage tanks were filled. The bacterial population of the con-
trol tank 1 shows a typical logarithmic growth curve for sap bacteria. In



108 tank 2, a similar curve is shown after the
initial reduction in bacterial population
caused by the pasteurization effect of the
- in-line irradiation units. The reduction in
average bacterial counts between the commer-
cial tank samples and the zero hour samples
- of tank 3 demonstrates the germicidal effect
of the overhead UV lights used to irradiate
the raw sap as the tank was filled, and the
- slightly lower average count noted for the
comparable samples taken from tank 4 reflects
the combined pPasteurizing effect of both in-
- line and overhead irradiation systems during
' the filling operation. In tanks 3 and 4,
average bacterial counts of sap samples
taken at 24-hour intervals during the storage
period did not show the typical logarithmic
growth curve observed for bacteria in tanks
- 1 and 2. Instead, the storage techniques
used for tanks 3 and 4 held the average
10 L bacterial counts in these tanks below 1 x 103
01 2 3 a4 5 colonies per ml. The in-line UV irradiation
DAYS STORED units caused an immediate reduction in
bacterial populations in sap, but . gave no
continuing control over the subsequent growth

cols./ml.
o
T

BACTERIAL COUNTS

Figure 5.--Three-year averages of

bacterial colonies per milliliter of the organisms that survived pasteurization.
of sap before tanks were filled Therefore, the in-line units serve only as

for storage tests, after tanks pasteurizers and must be augmented by other
were filled (0 days), and in sap control systems for use in sap evaporator

samples taken daily during 5-day
storage period. (See caption for
figure 1 for treatments of sap in
tanks 1, 2, -3, and 4.)

plants requiring extensive sap storage.

CONCLUSIONS

Storing raw maple sap for 5 days without controlling bacterial growth
resulted in the production of sirup that was inferior in color or flavor, or
both to sirup made from the same lot of fresh sap.

The initial decrease in the bacterial Population of raw sap caused by
pasteurization by passage through in-line UV irradiation units before storage
was followed by subsequent normal, logarithmic bacterial growth in the sap
during storage

The bacterial population of stored maple sap was controlled below 5 x
103 colonies per ml. for a 5-day storage period by irradiating the entire
surface of the stored sap with direct overhead UV lamps and continuously
renewing the sap surface exposed to the UV rays by agitation.

Sirups made from sap stored by the method combining direct overhead UV
irradiation with continuous renewal of the sap surface (tank 3) were equal in
quality to sirups made from the original commercial lots of sap.



Pasteurization of raw sap by passage through the in-line UV irradiation
units before storage under direct overhead UV irradiation (tank 4) controlled
bacterial growth in the stored sap as well as the method using direct overhead
UV irradiation with continuous agitation.

Sirups made from sap pasteurized by passage through in-line UV irradi-
ation units and held under direct overhead UV irradiation during storage (tank
4) were equal in quality to sirups made from the original commercial lots of
sap.

Trade names are used in this publication solely for the
purpose of providing specific information. Mention of a trade
name does not constitute a guarantee or warranty of the product
by the U. S. Department of Agriculture or an endorsement by the
Department over other products not mentioned.




*(uotielfse yItm pesyaaao

Y3IFm peayaano sIydyy) ¢ yueg

* (uoyie3ide

. *(Tox3uU0d) T Juel —

pue 3ufy UT SIYSIT °A°n) % quel I3 *(dUIT ur SIYBIT °A°n) Z Yuel “m. *a8e1038 21032q des TeuySyiQ ~ yUR3 TETOIWWO) “.m.
S SUoN > C°69 8°9 JuITTAIXY Joque 31 ['9 [({'N 1> 9¢ S
L9 1T° 1> ve ki
L9 €T (174 9¢ €
L9 so° 1> 113 [4
L9 10° 1> 9¢ T
L9 10°0> (114 ve 0
. _ _ - /iy juel
Y 3uoN z> §°99 8°9 JUITTAIXY daque °37 [°9 00°T 1> 9¢ S
L9 €T (118 ve /
L9 ST ot 9¢ €
L9 80° 1> 113 A
L9 9Z° > 9¢ T
L9 91°0 0ss ve _ 0
i€ jquel
[4 9UON z> 0°€9 6°9 JUITTaOXyY daque °37 [°9 eT° oct 9¢ S
L°9 8T* 001 (43 1/
L9 €0° 1> 9¢ €
L9 ¢o° 0¢ 13 4
L9 20° 1> 9¢ T
L°9 rAA oY ve 0
.1 [€:T duel
[4 duoN z> 9°%9 6°9 poo) daque °‘paN £°9 006°€ 001> 9¢ S
s°9 000°y 00T > ve ki
%°9 00Z°‘tT 00T > 9¢ €
L9 8L 00T 113 [4
L9 1 00¢ 9¢ 1
L9 T 006 4% 0
/73T Auel
Y duoN 1> §°69 L°9  JUATTIOXY daque 3T [L°9 1 006 V4% 0 /{Terd12wmo)
(%) pues (¥)1e3ns (0T X ("Tuw 3ad
ae3ng d0p0  3a9Auj xrag nd Ioaetyq apeay rd ‘Tw 19d  SaTUOTOD) (d,) ©°8eaolrs ufr sfep
anITS $9TUOT02) Iseag *duay, pue °oN jue]
eTI2308g

G961 uUOS®as A1I¥9--93v1035 des I1dER--°T IFTGVI XIANIIAV




*(uoy3ye3rse

* (uor3e3l¥8e YIM peayaaao YITA peayaaao sIyByT °A°n) £ duey /5 *(T033u0d) T Yue] \M
Pue duyy uy sIYBIT °A°n) ¢ yuel /< Guyt ur SIUBIT *A°n) Z yuel/r 9881038 a1032q des Teursyag - jue3 [eydiswmo) 7T
?%eI1l  SuOyN 43 %°69 L9 uaTTadxXy i3que <9 10°> ] (49 S
BT BT . £€0° 0 z€ y
L9 10°> 0 9¢ €
L9 10°> o1 oY 4
L°9 €0° (112 oY T
L9 €0°0 o1t oY 0
/5 quel
Idea] duoN o> 0°99 (°9 JUBTTAOXY  I9que °3T /°9 10° 0 4% S
L9 ot 0 [4% Y
L9 T0°> 001 9¢ €
L9 T10°> 001 oY [4
L9 ot 08 oY T
L9 1¢°0 0eYy 0% 0
[4*€ Auel
adea] SuoN > ¢°99 9°9 JUITTIVXF  aaque *37 /°9 oc’ 00T [43 S
L9 L0° (1) ¥4 'A% v
9°9 90° 0s¢ 9¢ €
L9 It 092 (14 4
L9 1T° oYYy oY T
L9 10°0 0Le oy 0
[e+C Auey
%0B1]  suoy > 1°99 ¥°9  Jwerrexg 23R . 0°00T 008 43 S
L9 0°08 008°T 4% Y
L9 9°62 0021 9€ €
L°9 6°0T 0o¢ 0% 4
L°9 9°1 09¢ oYy T
L9 1°C 0Lz (11 0
[Z:T ueg
avea] QuoN <> 1°99 (°9 JUBTTIOXY  Jaque °3T /°9 1°C 0Le o% 0/tTero19umoy
(g-0T X
PUBS  30pg (Z)aedns X1ag pd loaeTq apeas nd ‘Tw 29d  (*Tu 19d (d,) 9%e1038 uy sep
u-meﬂ 3IdAuy §37U0T0d) SaTUOTOd) = *duwag pue °oN juey
- dnagg BIa33d8g Iseax

G96T UOSBISPTUW--98E€1036 d€S O[dEW--'Z TTAVI XIANIdV



* (uoT3Ie3T8e YITM peayaaao0 pue Juyy uf SIYSYT
*(uorielrde yim peayaaso sIysyt
*(durT ur Saydyy
*(Toa3uod) T Mue]

*AtR) ¥ AUEL =
"An) € quelL iy
"A*n) T quel =

*ade103s a1039q des TeuySyip - juel Hmﬁoumﬁuou“.wn
(4 duoN > ¢°99 [°9 Pood I9qWE ‘pol  [°9 9°1 T10° > o¥ S
L9 S°'1 €0° Ty U
L9 €6° 10° %S €
%°9 90° 20° 9 <
%°9 <0° so° 16 . T
L°9 10° > ¢°0 LE 0
[&Y Muel
4 SuoN > €°99 9°9 poo) doque °‘pay [°*9 7T 10° o¥ S
L9 rAN | 8T° (4] /
L9 cLe oc* V£ €
%°9 9T* oe* 18 K4
%29 €°C oy’ 119 T
L9 8°C 0T°1 LE 0
/€ duel
[4 QuoN <> ¢°99 ¢°9 poo9 d2que °*paq [°9 0°06¢ 8T* oY S
L9 0°s¢ oc: Y K
L9 7°1 ce: VY €
%°9 8e" SL’ Y 4
%°9 ot° 6%° TS T
L9 z0° 9%°0 LE 0
/52T uel
[4 SuoN <> %°99 69  Taweawd deque jaeq [L°9 0°00€°€ 0°0¢ oY S
3rTS L9 0°002°¢ 0°se A4 Y
L°9 0°009°1 01T %S €
%°9 0°00T 6°S 184 4
%9 Ly A4 TS T
L9 L°C 1 LE 0
[T Auel
< auoN <> §°99 ([°9 poo) daque °*pay [°9 L°c (AN § LE 0 ,{IE¥212uWwo)
(X)pues (z)1e3ns (. O0T X -0T
aesng uovo. 319AUT xpag pd 104814 apead Hd fa 1ed .ﬁmaomma (d,) ©8e103s ur sfep
S3TUOTOD) SaTUOTOD) *duay pue °oN juegl
dnaysg ela9joeg Iseag

C961 o3e[--o3e1038 des S[deN--"f ATAVL XIANZAAV




*(uor3elF8e YITM PeaYIaA0 pue SUFT UF SIYBTT °‘A‘n) ¢ RLLH Wby
*(uotr3iearde yata peayaaso sIY3IT ‘A°n) ¢ Auel,
*(durl uy say8IT °*A°n) ¢ u_cu._.\M

* (Toajuod) 1 Juel /2

*28v1038 @21039q des Teurdyig - yuey TeTo12umo) /7

ki duoN 1> 0°69 ¢°L 3udTTa¥dxF doque 3T [°9 T0°> 01> £e S
6°9 10°> ot £t ki
6°9 10°> o1 £e €
L°9 10°> 0¢ £13 4
L9 ¢0° 0¢ 8¢ T
6°9 €1°0 174 (4] 0

[Siy Juel

4 duoN > €°69 TI°L USTTIXF Iaque ‘37  ¢'9 10° 0L 1 X3 S
$°9 10° 0Z €e ki
6°9 c0° 0¢ e €
6'9 0 0¢ 113 4
$°9 A ST 8¢ T
6°9 0°T 174 Y 0

[.:€ quel
4 9uoN 1> ¢S99 g°!L JUDTTIOXY Idque 3T 69 ¢6° oY €t S
8°9 ST (174 133 Y
6°9 €C° (174 €€ ) €
6°9 90° 0L S¢ 4
6°9 €0° £y 8¢ 1
6°9 10°0 (118 0s 0
/€ T duel

9oevl1], 9UON 1> ¢°s9  %°9 poo) daque °*pay G°9 0°08T1 00¢ (13 S

S°9 0°00T 00s €€ /

§°9 0°Ss¢ osY 112 €

6°9 0°6S oty 113 4

6°9 v'e 00T 8¢ T

6°9 9'1 Y 0s 0
[7 T duel
ki SUON 1> €°69 T°L  IUSTTAOXY daque °37 6°9 9°T SY 0s 0 \Mﬁmﬂouwsoo

(Z)ypues (Z)3edns G-0T X ("1w 1ad
aedng 20p0 3adAug xfag pd J0ABTI apeas Hd *Tu aad S9TUOTOD) (3.1 98ev103s ur sfep
S9TUOTOD) Iseay *duay pue °oN ue]
dnats eT1930®g

9961 A[A€9--9381035 Q€S O910BR--'% I1AVI XIANIddV



* (uoF3eIT8e YITM PEIYIaAC PuB BUFT UT SIYSTT “A°n) ¥ AUBL/
* (uoT3e31T3® YITA pEayaadAo SIYZTT °A°N) € xa&.\w
*(dUTT UT SIY3TT *A°N) T Auel/

*(1oajuod) T queL/7Z

+a8e103s 21039q des feuy8yap - jquel [eFOIdUWMO) /5

(4 QUON 1> 9°69 6°9 JUITTOXY  I9que °IT  6°9 68° (1] $N [ S
6°9 0s* (1) 8 (13 k4
L9 oe’ (1) § ve €
6°9 %0° (114 St 4
L*9 10° (119 LE 1
1°¢L T10° oS S¢ 0
/gy Auel
r'4 9uoN > 9°G9  6°9 3ua[[edxg . Jaque °'31 8'9 9°1 01> SY S
S*9 09° (1) % 1) kK
8°9 (1A o1 (4% €
6'9 ot* o1 (1% 4
S°9 Lo° 0t LE 1
6°9 10° oL 113 0
— — I [43€ Auel
< QUoN 1> $°99 6°9  JUITTIOXY  Ique °3IT  9°9 0°6Yy 01> (X S
2°9 0°TT (1) $8 S€ v
%°9 0°¢ () § Ye €
%°9 oT* 0t (1% 4
7°9 €0° (1) LE 1
1°L c0° (V1% S¢ 0
[T quel
9oel1] duON 1> L°'c9 %°9 poo) daque °‘pal  9°9 0°00S 0¢ [%3 S
9°9 0°0s¢ 0T 13% ki
%°9 0°ze oYy ve €
%°9 1°9 (1§ 112 4
%2°9 0°1 01 LE T
T°L Ly (114 113 0
/75T Auel
4 @uoN 1> 9°G9 6°9 IUITTIIXY  aI2que °3IT T°L Ly oL 113 0 \ﬁﬁwwouuﬁ._ou
(xypues (Z)aesns (0T X (1w 39d
ae8ng aopo 3aaAuU]l xyag pd J0ABRTd ape1d ud *fu xad S9TUOTO0D) (d,) o8e1038 uy sfep
S9FUOTO0D 3seax *dwag pue °ON uel
dnaysg wwuwuuwmv
9961 uOse9spju--03€1038 des o[deN--"G AT1gVI XIANIddV



* (uorielyde yiym peayaaso pue duyy uy SIYSYT *A°n) 4 Auey /-
* (uor3elyde yiym peayiano sIYIFT °A°n) € Ayuel v
*(2u¥T ur S3IYITT *A°N) T queg =

*(10a3u02) T Nuey 7

*a8e1038 21039q des feui8yap - juel Hmﬁuum.__aooml

9 9uoN 1> ¢°%9 9°9 JUITTEOXE I3que °pa|; 9°'9 (Q0°Y 9¢° 18 S
9°9 00°T 80° o% j
9°9 00°T S0° oY €
0°L ¢g° 0° 1A 4
99 o0¢° T10° oYy T
8°9 %0° 10° oY _ 0

_ ~ /gty quel

S 9UON 1> 0°69 9°9  JUITTIOXY JIaque °payy 9°9 9/° Ly 9 S
9°9 ¢&y° 9¢° oY K
9°9 o%° 90° oY £
§'9 o¢° £0° 1y 4
99 €0° €0° oY T
69 T10° c0° oY _ 0

_ _ [ € duey

9 QuoN 1> 0°69 [°9 JUSTTIIXY aIaque °*pPaN 9°9 0°08¢ 7°T 184 S
9°9 0°¢8 Le oY /
9°9 0°9 €C’ oYy €
9°9 0°¢ 1 1Yy 4
9°9 L L0° oYy T
0°L [ %0° oY _ 0

/giC quey

€ QUON 1> 8°%9 6°9 poo) daque jaeq 9°9 000°8T 08°¢ 18 S
9°9 006°€ 0L°C oYy /
9°9 00L°T 09°2 oy €
9°9 00Z‘t oLt 187 z
9°9 0¢e 01°'T oY T
6°9 LT se’ oy 0

/2T Auel

9 QuoN 1> 0°S9 9°9 JUITTLOXY JIdque °pI] 6°9 L1 1 TA oYy 0 J7TeT21umo)

(@)pues (¥)3esns (¢-0T X (c-0T X
xe8ng aopo Jxaauy xtag Hd aoaetd apeay nd *Tu xad *Tu xad (1,) 98eaols uy sfep
dna 89TuOoTOD) §3TUO0TOD) *dum], pue °oN jueg]
s ®1I9308g Iseay

9961 93B]--3sv103s des ITdeN--"9 HATAVI XIANAddV



* (u0TIvIT8e YITM pPEayIaA0 pue JUTT Ut SIYSTT °*A°n) ¢ Nuel \M

*(uor3earle yaya peayiaso sIYBTT °A°N) € NUEL/T

*(3UTT UF SIUBYT "A°N) T AUBL/

*juel uf I/
" (1013u00) T JUeL

*98e103s 21032q des TeuydyiQ - jNuel TeFOIAWWO)/;
9d'1] SuUON 1> 0°£9 8°9 3JUSTTAOXY Iaque °IT 6°9 90° LT \NNm S
6°9 {1 -0°T> /gce U
6°9 10° 0°1> /gte €
6°9 10° > 0°1> /gte 4
6°9 T10° > 01> SE 1
6°9 T10°0> 0°1> 8¢ _ 0
/9ty quel
adea], AuoN 1< €°L9 8°9 JUSBTTAOXY Jaaque °IT 6°9 ce’ oY \MNn S
6°9 90° 0c /g€ Y
6°9 %0° 0ot /gtt €
6°9 c0° 0°1> /¢tE [4
6°9 10° 0°1> (13 T
.6°9 10°0> 0°'1> 8¢ _ 0
[c € Juel
@dB1]  @uUON < T°L9 8°9 3IUITIPOXT aaque °*3IT  0°f 0€°1 06 Y43 S
6°9 6S° oY /gtt \j
6°9 €L’ 0z /ecE €
6°9 LT* 0c /¢C€ 4
0°¢L 80° ot 112 T
6°9 ¢0°0 0° 1> 8¢ _ 0
/4T Huel
ade1] 3uoN t< €19 6°9 Judj[ooxd Joque °31 g'9 0°Tl 000°T /ge€ S
8°9 $°9 0€s /gt j
6°9 0°¢ 1149 /¢CE €
6°9 0°¢ 06 lgCt 4
0°L €1 0°1> 113 1
6°9 9L* 0°1> 8¢ 0
[Z°1 Auel
9de1]  duON 1> $°99 8°9 JUSTTIOXF I2que °IT Q°/L 08° 0°1> 8¢ 0 /{Terdasuwo)
~pues (Z)aesns (.01 ¥ CTu x9d
ae3ng  a0pQ Jaaaug xyag pd aoaetTd apeas Rrd *fuw aad S9TUOTO0D) d,) 28e103s uy sfep
dnats S9TUOTOD) Iseax *duayg, pue °oN juel
vlaajoeg

1961 Araeo--o3ei03s des oldeN--°/ ATAVLI XIANIdAV



* (uoy3elyde YITA peayIa2A0 pueB SUI UF s3Y311 *A°N) ¥ xﬂwa\.m
" (uot3e3T3e YITM peayrano sIYSTT *A°Q) € AURL
*(eurT ur SIYITT ‘A°N) T AVEL

*(1013u0d) T xawa\m

*23e103s 2103aq des Teur3dtiQ - duel [eIdOI3UWOY /T

20€l1], ouoN < $°99 . G°Q9 3IUDTTIIXT Jaque °*3IT 0°L AN [N 0§ S
0°¢L so° 10° Ly ki
0°L ¢0° 10°> 8% €
6°9 10° T10°> 0s [4
6°9 10° 10°> A T
0°¢L 10°> T0°> (119 _ 0

[ci9 duel

908l1] BUON €< %°99 %°'9 3JuUo[[29Xd iaque ‘31  0°L G0° otT* 0s S
6°9 <0’ 10° LY ki
0°¢L ¢0° 10° 8y €
0°¢L 10°> 10°> 0s 4
0°L 10°> 10°> 4] 1
6°9 T0°> 10°> 119 _ 0

[43€ Nuel

2081} duoN €< £°99 [*9 3UITTAOXY  Iaque °‘pal  0°L 0°0LS 0°T 0s S
6°9 0°0t€ oy* A Y
6°9 0°ST oc’ oY €
6°9 6°1 S0° 0s 4
6°9 0°'T %0° [4] T
0°¢L 10° 0 19 _ 0

/gtC quel

IJe1]  BUON [X3 £°99 €°9  JUITISIXF I9awe °‘paN  0°L 0°000°C [A 0s S
0°¢L 0°00€°T 0°1 LY ki
0°¢L 0°00¢ 0°T oY €
6°9 0°6¢ oL 0s 4
6°9 1°s 8T* A/ 1
6°9 S0 LT* (119 _ 0

/21 quel
9o0B1] dUON [AS 6°99 9°9 JUITTIIXY Iaque 3T  6°9 S0 [A 0S 0 /{TeTdIoumo)

—pues _____ (z)aesns (g-0T X (¢-0T X

ae8ng a0pQ 3x9AUL xTag pd 1oAeTd apeay md *Tu aad *Tw xad (d,) 98exoas uy sdep

- S9TUOTOD)  SITUOTOD) *duay pue °ON Jumj
dnags eTI930Rg Iseay

7961 UOSESspTu--99¢1035 des o[deR--°g 19Vl XIANddV



* (uor3e3zrse YITM peayasao
* (uor3erge y3

*a8e103s 91039q des Teur8yag

PU® surr uy s3y8
A peayaaao s3y8
*(dury uy s3ys8

T *A°n) o Juey /=
T *A°n) ¢ uey /-
T *A°n) 2 x&a\m

.Qoﬁuouv 1 x:m.a\M

juey MWﬁONOEEOQ\ﬂ

ey auoN ¢< £€°99 9°9 1Feq 19quE yIeq 0°¢ T10°> oT* LY Y
0°¢ 10°> (1) 1% €
0°¢ 10° sg* Sy 4
0°¢ €0° T%° (119 T
0°¢L 6€° L9° 99 _ 0
— /sy jueg
ey duoN ¥< 8°¢9 %°9 ire] d9que jIeq 0*¢ os* c* LY y
0°¢L 0°¢ 2 (%4 €
0°¢L 0°¢c 8T"° SH 4
0°¢L S°C €e" oS T
0°¢L 0°6 cLe 9% _ 0
. /[n3€ yueg
dea] SuoN 9 L°L9 %°9 1T8g d3que yIeq 0°¢ 0°81¢ 0°¢ LY y
0°¢ 0°¢ce (10 § SH €
0°¢L $°6 0°'t Sy 4
0°¢L o't 09° (1]9 T
0°¢ oc: (1) 9% 0
/€32 Jueg
odeay SuoN €< £°99 c*9 1004 d9que " payy 0°¢L 0°000%Z7 0°0S¢ LY o Y
0°¢ 0°000°z1 0°001 SY £
0°¢ 0°009°¢¢ 0°00T1 Sy 4
0°¢ 0°0¢s¢ c'e 0s T
0°¢ 0°8y 0s° 9% _ 0
/Z2°T Jyueg
ea] auop < %°99 9°9 Ireq d3que yreq 0°¢ 0°sy rAL S 94 0 \ﬂﬂmﬂuumsaou
TpuEgs (Z)Tesns (-0T ¥ (¢-0T X -
1e8ng - aopo 3asauy XTag pd doaeTy opeay Hd ‘Tu 3ad ‘Tw xad ,) ?8ei103s ur sfep
—_— mo.nco.no....v wwwzo.aon.v .asm.n pue *ON Jueg,
Nﬂhwuumm uwmwh

dnayg

L96T 33°T—s%e535 s STdeN--*6 F1gqvy XIaNZday






