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XXIX.—On the Vaviations of the Awmount of Coarbowie Acid vn the Grownd-Aiv
(Grund-lufi of Pettenkofer). By C. Huxver Stewarr, B.Se., M.B. (From the
Publie Health Laboratory of the University of Edinburglh.) (With Three Plates.)

(Read Bth Jape 15%2.)

The chemical examination of ground-air, i.e., the air which is contained in the pores
of the soil, was first made by Bovssixcavrr and Levy in 1853.%  Their results, however,
attracted little attention till Perrexkorer, in 1857, pointed out that the determination of
the amount of carbonic acid in the air of a given soil might be used as a means of
estimating the organic decomposition going on there. In 1871 he first published his
results, and since that time the subject has been worked at by many investigators both
from the ugl-i::ill!.lll'n] and ]t_'j.'_g.;iuilil' ;minl. of view, it]t'lil:]i!lg in the latter class Frreek at
Dresden, Fopor at Buda-Pesth, Hesse in Saxony, and Nromonrs in America.  As
researches of this nature have not attracted much attention in this country, a short
aceount of the modus operandi may be interesting as a preliminary.

Iron tubes, with an internal diameter of 1 inch, and having lateral perforations for
4 inches from the lower end, are sunk into the ground. TIn sinking the tubes care must
e taken to disturb the ground as little as possible, and, further, that neither the sunk
open end nor the lateral perforations are tightly plugged. A solid pointed rod of the
same diameter as the tube is first driven into the scil to make a hole of the required
depth, and then withdrawn.  The tube is now armed with a solid picee of iron, shaped
like a spear head, and driven into the hole for 3 or 4 inches deeper than is desired.
The tube is now withdrawn for 3 or 4 inches, which, separating the iron guard, leaves
the open end of the tube quite patent. The iron guard having a slichtly greater diameter
than the tube, prevents the lateral perforations being plugged with the soil.  The ground
is carefully stamped round the tube to prevent the direct entrance of atmospheric air.
To insure the complete settling of the soil round the tube, it is advisable to wait for a
week before beginning experiments.  For convenience of working, the upper end of the
tube should project for abont 3 feet above ground. This upper end, fitted with a
perforated rubber ecork, is connected by glass and rubber tubing with a Pettenkofer
earbonic acid absorption tube, and this communicates with an ordinary water aspirator.
A solution of barinm hydrate, about 13 grammes to the litre, is used for absorbing the
carbonic acid. The pure barium hydrate of commerce often contains traces of alkaline
salts, the presence of which interferes with the accuracy of the titration by oxalie acid.
The additibn of 0°2 grams neutral chloride of barium to each litre of haryta solution

* Awmrles ale Cherate of do Phasigue, 1853,
t Fig. A shows the apparatus and arcangement of sunk tube.
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removes this possible source of error. The Pettenkofer tube, with o eapacity of about
130 e.c., is charged with 100 c.c. baryta solution, and the glass tube at A replaced. This
tube should be contracted at the end, so as to break up the entering air into small bells,
and thus insure the complete absorption of the carbonic acid. The air is aspirated at the
rate of 1 litre per 45 minutes,* If aspirated at a greater rate, then two tubes in series,
each charged with 100 c.c. baryta solution, are necessary. [ have found by experiment
that by aspirating through two tubes in series, at the rate of 45 minutes per litre, there
was no change in the baryta solution in the tube nearest the aspirator, showing that
entire absorption had taken place in the one tube.  After the experiment the contents of
the tube arc emptied into a stoppered bottle, and set aside to allow the barium carbonate

Fia. Al

to settle.  The stopper should be paraffined to prevent absorption of carbonie acid from
the air.  Six or eight hours are necessary for the settling of the precipitate. It is some-
times stated that the baryta acts on the substance of the glass during these operations,
and thus undergoes a change quite irrespective of the carbonic acid. If this were so, a
serious error would exist in this method of carbonic acid estimation, especially when
working with small quantities, e.g., in examining outside atmospheric air.  In connection
with this, the following experiments were made :—Two Pettenkofer tubes, A and B, and
two 120 c.e. white gl.'lzsﬁ ﬁl.uj:_lln:nfﬂ bottles, O and D. were taken, B and I I]'L'jl'lg conted
inside with a layer of solid pure paraftin. Each was then rinsed out with the baryta
solution to absorh the ecarbonie acid of their contaimed air, drained, and cllfurge(l with

* Before connecting the abeorption: apparatus, the air is directly aspirated from the iron tube to clear it of itz

coniained air,
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100 c.c. of the solution. The stoppers of the bottles were paraffined, and the Petienkofer
tubes carefully elosed by rubber and glass rod stoppers.  Three experiments of each were
made:—

—_ _—

Original Btrength
of Baryta Solution
in terms of 1. 3. 3.
the Oxalic Acid
Solution.
Pettenkofer Tubes after 1 hour,
A, . ! z 3 H i 433 e 452 4515 453
| | 4 : 3 : = 5 45-15 45-2 4595
Glass Stoppered Bottles after 8 howrs,
L - 159 4515 4515
N e et = & 4516 | 450 | 4515
| |

These varviations from the original titre of the baryta solution are fairly within the
limits of ervor of observation, and cannot be attributed to any action of the glass,

The oxalie acid solution used for titrating the baryta solution is made by dissolving
14107 gramme recrystallised and air-dried oxalic acid in 1 litre distilled water. Each
c.e. of this solution is equivalent, in combining with barium hydrate, to 0°25 c.c. earbonie
acid at 0° C. and 760". By using this strength of acid, Perrexkorer pointed out that
there is a gain in accuracy and quickness. 100 e.c. of the baryta solution, as we have
seen, are used in each experiment, Now, instead of titrating the whole of the solution
with an aecid, each e.c. of which is equal to 1 c.e. of carbonic acid, we titrate one-quarter
of this (25 c.e.) with an acid, each c.c. of which is equal to one-gquarter of a ¢.c. of carbonic

acid. Im both cases the number of c.e's of oxalie acid used is the number of c.c.'s of

carbonie acid which 100 c.c. of the baryta solution is equivalent to. Three separate
titrations ean be made from each experiment without disturbing the precipitated carbonate
of barium, giving thus an opportunity of checking the work. Two out of three should be
the same.

Oxalic acid solution decomposes if kept long, and on this account sulphurie aeid,
dilated to be equivalent to it, is sometimes used instead. In this research oxalic acid
solution only was used, and was freshly prepared weekly. The tabulated results at the
end of this paper are expressed in e.c.’s per litre at the temperature of 0° C.

The analysis of ground-air shows that it is simply atmospherie air with its oxygen in
part replaced by carbonic acid, with the occasional presence of some other gases, eg.,
AMImnonia :l._llﬂ. carburetted hydrogen. Various observers have found that the sum of the
oxygen and carbonie acid in it is nearly equal to the oxygen in atmospherie air.

BovssiNcavrr and Levy state that when the sum of the two gases is in excess of the
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oxygen in the atmozphere, then putrefaction is going on in the soil. Under the action of
anaerobic organisms the organic matter itself supplies the oxygen necessary for oxidising
its own earbon,

Such excess of earbonic acid has generally been found at considerable depths, and in
late autumn, when the deeper layers of the soil have their maximum temperature.
In the deeper lavers of an impure and rather impermeable soil, putrefaction is
common if the suitable eonditions of warmth and moisture are present : in an impure and
permenble soil, on the other hand, there would be simply oxidation. Ammonia and
carburetted hydrogen are present in very small quantity, but the amount is said to
increase with the depth. The most of the ammonia formed in the soil is absorbed by
the lumus.  The amount of these two gases is so small and so variable, and their estima-
tion, moreover, so laborious, for practical purposes the determination of the carbonie aeid
15 the best index to the amount of organic decomposition taking place.

The following are taken from Fopor's exhaustive work, Luft Boden und Wasser /—

ﬁ\:_\.‘gml. jer eenl. Charbonia Ackd per ceml.
1 Metre deep, . - . . 200031 1019
4 Metre deep, . . ‘ : 170 376

The amount of earbonic acid in the air of a given soil depends on (1) the amount of
organic matter, (2) permeability, (3) depth, (4) temperature and moisture.  PETrENROFER
found that the ground-air from the Desert of Sahara had the same composition as the
atmosphere, the conditions for the development of carbonie acid being absent. But no
reliable conclusions can be drawn as to the purity of a soil from the earbonic acid estima-
tion unless its permeability be known. If the carbonic acid be determined in two soils,
similar as regards organic impurity, temperature, and moisture, but of different permea-
bilities, the less permeable will contain more carbonic acid than the more permeable,
becanse in the former the air is prevented from so easily diffusing vertically into the
atmosphere, and horizontally into the adjacent soil.  As regands temperature, the amount
of earbonic acid is least in late winter and spring, and goes on inereasing, reaching its
maximum in summer and early antumn, and deelining again to its minimum in winter.
Unfortunately, 1 had no means of determining the temperature of the soil at the time
that this work was in progress. In the curves appended will be found one of the mean
temperature of the week, derived from the averages of the maximum and minimum
temperature, and the temperature at 9 .. and 9 £y, These show that at a depth of
3 feet the carbonic acid curve follows the temperature curve, but, on an average, about
3 weeks later. This, probably, may be taken as the time required for a variation of
atmospheric temperature to be propagated to the depth of 3 feet, and to influence the
rate of decomposition there. Fopor found the rainfall to exert a great influence,
ezpecially if rain followed a prolonged drought in the summer. As this investigation
cxtends only over fourteen months, it does not permit of any conclusions on this point.
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Fopor's work extended over three years. The amount of carbonie acid in the air of a
uniforim soil increases with the depth. This ariges, not from inercazed chemical change
taking place, nor necessarily from more organic impurity being present, but simply becanse
the carbonic acid does not get so easy vent as in the more superficinl layers,

The soils on which these experiments were made were—(1) the grounds of the Edin-
burgh Royal Infirmary, and (2) the grounds of Heriot’s Hospital,  Ou the Infivmary site,
the part of the soil examined iz for 3 to 4 feet made soil.  Below this the soil is natural.
The upper made soil bad a medium permeability, and contained 12 to 13 per cent.
af :'.].'l}', and T3 per cent, sand, gr:wu.-l_ and small stones. [t was part of a kitehen
garden, but had not been used for 1 year before the experiments. The organic matter
in it yielded 0-21 per cent. nitrogen.

The ground of Heriot’s Hospital was stiff and clayey, under grass, and had not been
disturbed for nearly 200 years. It may be taken as a typically pure soil.  In the
Infirmary grounds the determinations were made daily, morning and evening, from June
1. 1887, to July 20, 1888. At the 3-feet tube there was no intermission except for
about three weeks in May 1888, and on rare oceasions when, by the rise of ground-water,
the tube was blocked. The tubes were sunk within a distance of 3 feet from each other,
at depths of 3 feet, 6 feet, and 12 feet.  From the low-lying nature of the soil, and the
nearness of the clayey subsoil to the surface, the 12-feet and even the 6-fect tube were
liable to frequent blocking with ground-water.  This is the reason of the fewness of the
determinations at these depths. In the Heriot's Hospital grounds the determinations
were made in the morning only, on an average, three times weekly.

Plate 1 shows the comparison between the weckly averages of the morning and
of the evening 3-feet determinations at the Royal Infirmary, with the weekly averages
of the daily maximum and minimum temperatures.

It will be noticed that from September to the middle of December the evening
determinations are lower than the morning.  From the middle of December to the end
of March they arve higher, while from April to the end of June they are again lower, with
a tendency to again become higher in July and August.  In another paper on atmos-
pherie air, I hope to disenss the bearings of this in fuller detail.

Plate 2 shows the weekly averages of the morning and evening 3-feet determina-
tions combined, with the mean daily temperature,

Plate 3 shows the comparison between the monthly averages of the amount of
carhomic acid at a depth of 3 feet in the ground-air of the typically pure soil of Heriot's
Hospital grounds and the comparatively impure soil of the grounds of the Royal Infirmary.
The small proportion of carbonie acid in the former, as compared with the latter, is very
marked, especially as the former is less permeable.

Tables 1 to 6 show the detailed statement of all the experiments.

The amount of carbonic acid in the 3-feet detérminations at the Infirmary ground
being greater than that of those at 6 feet and 12 feet, is an exception to the rule that the
amount of this gas in ground-air increases with the depth. But this is explained by the

A
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fact already pointed out that the upper 3 or 4 feet 12 made soil, and not at all similar to
the natural soil below. The increase with depth is seen in the following comparison
between the 6 fect and 12 feet determinations at the Infirmary and the 3 feet and 6 feet
determinations at Heriot's Hospital Grounds.

| [ .
|.‘|.irg Bept. | Oel. | Now, IMK:. Jan. |F1.b | Mar. | Apr. | May. | June, | -Tuly

Jaly. i
|
B0 (188 ... | ] | ‘ || M
| dl

[ |

i’ {3

Infirmary

| timumlﬁ,(l 12, |1599 160 171 | ... | .

Heriol’s 3, [ e |oe] wd| s | 33| 35 | 41| 36| 40| 37 | 46| 58 |
Hoapital - | |
Grouds, 6.1 ..|58|80s e5| 30| 32| soe 436 39| 15| 41| +9| 64

The importance of the rile plaved by the soil in the etiology of disease, which has
long been insisted on by Prreexgorer and the Munich School, has been emphasised by
the elaborate investigation and report made by Dr Bavvagp to the Loeal Government
Board in 1887 on the cansation of summer dimrrheea.  He attributes its epidemic ocenr-
rence to some decomposition taking place in organieally contaminated soil under the
influence of micro-organisms at the depth of about 4 feet. The marked feature in these
epidemies is the great and sudden inerease in the number of cases at the end of July and
beginning of August, at which time he found the underground temperature at a depth of
4 feet to be at itz maximum. This sudden rise is followed by a comparatively slow
decline. A reference to the curves in the tables accompanying this paper will show that
the carbonic acid in the ground-air reaches suddenly its maximum amount at the same
period, and that its decline is similarly slow. Sinee carbonic acid is a product of bacterial
action on organic matter, it is evident that the upper reaches of the soil are biologieally
most active at the time when summer diarrhea attains its maximum intensity.

As showing that the amount of carbonic acid in ground-air is to some extent a
measure of organic matter present in the soil, I append the following experiments made
in Janweiry :—

Averagely Tare Bail, 3 Fact. Diisused Burying Grousd 3 Feet.
Orgamic Nitrogen, . . . (H635 per cenl. 0136 per cent.
Carbonic Acid in Gronnd-Air, . 36 ce. per litre. ... 135 c.e. per litre.

5
s L.

e
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i
. | Hemior's Hosprran
Groveps oF RovaL ISFiRsagy. ‘

GioU ¥Dse. |
. = (= e
Date, 3 Feet Deep. 6 Feet Deep, | 12 Fook Doep. | Li";‘* _ ﬁnf!;;: '
e |
| 1887, Morning, | Evening Moming. | Evening. | Morning, | Evening. | |
| June 1 144 T8 5 |
| 184 &0 ,
3| 114 xS |
4 97 55 {
i ¢ |
6| 142 i 8 . |
I R 2o |
8 144 B0 G| !
9| 122 Ty | [ = !
10 150 fi<h ;|
11| 131 | i3 B2
12 el il s s
13| 124 e | B0 EE
. 14| 134 ol e .
| 15| 124 SR T
| 16| 18 RET LA
( 17 | 151 57 iz S
18 | 1725 7'3 '
19| 172 R i
, 200| 155 303 B4 &5 | -
21 | 184 188 B0 L .
i I a5 54
aj | 187 197 90 57
a5 | 190 2173 349 123 70 28
26| 1875 | 196 56 #a 78 78
27| 192 | 219 91 110 1075 140
ag | @175 935 a2 90 || 142 113
29 | 231 | 244 75 100 || 117 121
30| 230 | 835 T8 105 G5 135
July 1 1574 2 ] R 94 150 1505
g =27 a9 02 9¢ || 139 162
3| 107 D004 T8 o8 138 163
4| =01 | 2z 02 01 1540 149
G| 208 B A 5% 141 1245
6 =217 2009 A6 A 1246 15 ,
7| 281 205 97 1002 1476 17
8| 2455 250 105 1004 15:35 183 |
9| 260 D504 127 125 1685 | 1765 : '
10| 264 245 1065 1240 170 183 5
11 263 262 112 1171 184 1714 | {
13 i 264 175 100 178 179 {
13| 2785 2971 123 11°7 16755 171
14| o7 275 107 99 1745 | 131 |
15 | 203 9] 106 112 16145 1665
je| sa | L 97 g68 | 176 140 54 |
17 180 09 91 130 1337 |
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Grovsps oF Hovar [SPiRMARY. [
|
|
Diaee, 3 Feet Dheeps, | 6 Feot Deep, 12 Feet 1leep.
s — - T i —— |
[887. | Morning. | Evening. | Morning. | Evening. | Morning. | Evening.
July 1B 5D 2504 78D 97 132 1625
19 250 953 LR 1000 [ 14:2 178
20 342 287 T 112 168 202
21| 253 265 104 110 1785 18:1
L | 254 294 107 7l 150 a0
23 | 20:3 254 110 - 197 180 |
24 I 362 256 4 L5 1 b &1y
o5 250 268 10:0 o || 1845 180 |
H{ | 246 958 0-9 117 1646 1605
| 27 | o718 a7 113 e | 171 184
i 28 | 248 242 100 1003 16:35 1605
L 18] L i | 102 115 165 156
a0 256 286G | T L b 157 138
31 273 25:2 [ a0 110 ]
Ang. 1| az% age || 102 1001 Lil 1435
2| 244 40 || 97 110 1680 148
k] 258 il | 1071 123 1655 14-25
4 261 286 120 12-3 191 L
5 259 8 11-% 12 168 184
G| =292 8777 12:8 1265 1605 184
7 a7 GE 2744 12-85 134 | 1885 120
8| =63 245 115 1004 o0 | 16@
9| 236 2573 109 957 | 165 | 192
10 2246 2305 g0 9D 181 | likG
11 2005 19-25 a7 9] 1501 1476
12| 23156 SRR iih 84 LG5 1265
13 |  20-03 213 B85 &7 12:2 175
14 | 2062 2005 &7 B4 1475 152
5 | i 142 :
T 201 | 200 1105
15 343 9475 || 985 -4 145 75 15 |
o0 | 243 a3 | 1055 s 1695 158
2| =244 2215 || 96 102 130 10+
a4 251 2965 110 130 1674 176G
a6 2-hd 2508 136G 12:9 164 126
27 2535 27744 11:75 1917 14:2 170
28 | =87 238 135 1365 155 150
a9 4 255 1477 1555 1371 130
, 30 | 25'G B85 (B 11 1504 175
| a1 20705 2784 | 130 144 146 20-25
Sept. 1 2465 2305 [ 131 1518 170 13-45
| 2 279 L4 B 138 12:3 176 195
3 240 10-25 170 150
B 188 133 99 1649 135
6] 211 192 I 1240

Hermwr's Hoserran
GRoUNDe,

3 Feet | G Feet

D Dy,
g3 | 74
5o
4-'3 B
e 71
5T 77
(i TR
& a2
i i
#h 5
e I .
G|
(i 115
G- d
[ i3] i
G BT
59 71
H AT 67
b ) G35
40 GE
48 =
58 (-]
G2 i |
i BT

il



VARIATIONS OF THE AMOUNT OF €0, IN THE GROUND-AILR. T

Grovuxps oF THE Bovar IsFimumary.

12 Feaet I}m’!i:l,

|
Diafe, 3 Foat Daep, " 6 Feet Do,
e -. T !
1887, Moming. | Evening, | Morning, | Evening, | Morning, | Evoning.
Sept. 7 | 190 182 | 139 169
8 184 10:7
9| 2316 1786
10| 199466 1705
i 1963 195 ,
12| 2136 186 !
13| 216 140
14 1735 1570
15| 1745 1675 G
| 172 |
17 | 184 193
18 | 17353 163
19 | 1705 152
20| 196 188 | |
2] LTer 167
22 | 20055 1955 R
23 | 193 140
2 151 236 || 1565 16:35
a5 | 179 | 2l 146 153
ai | 2o Fa| [
a7 I 825 1325
ag | 1955 1885 | 211 169
20 | 1765 174 | 12 1367
30 | 1865 158 | 116 Ll
Oct, 1| 1908 | 167 157 140
a2 | 195 D004 141 143 |
3 196 180 13:55 1315
4| 183 174 14-78 1535
5| 194 151 | 162 L4
6| 213 106 161 13-25
7| 237 195 1466 137
k] 188 | 17°1 12495 1134
9| 1585 1375 | 1246 11-74
10 | 1687 138 | 848 05
11 | 143 140 B57 855
12 1415 a8 Tag |
13| 1575 ]
14 1283 Ge56
15 | 1695 1595 842 780
Ld 15705 a5
17 | 152a 2
14 1585 944 754 |
19 | 146 150 G52 &1
21 | 160 143 i1 535 |
a3 | 204 1455 ToO8 B85 |
25 | 168 145 L] 43
o7 | 171 140 643 54 ‘

VOL. XXXVIL PART III. (0. 20).

Herror's Hosrirar

(i ROUKDE.
3 Feet i Feet
Diesep, Dreep.
45 AR
i | 8¢ |
31 67T |
B ia ol
60 695
T3 a8
5 88
G2 G
ad it}
GF ! |
72 75
(iR ] A5
g3 | A
45 | 85
T4 | 1
LR | H RS
87 1005
10-1 11-35
L 04
OG5 B0
90 10°6
s 93
B35 e
91 04
BES 104
91 | 100
81 10-35
205 113
g4 93
205 245
62 | 97
79 s
=15 7T
165 sS4 |
635 5805
1-85 )
=
aN



(4 DR . HUNTER STEWART ON THE

T - : Herwor's Hosprran
Grovsps oF Rovan Ixrmamany. B e
. | 3 3 Feet | 6 Feat
| Drate. 3 Voot Dheep. | i Foat Theop. | 132 Feel Deep. Deep. Derp.
_____ -l —— Pt e
1887, Moming. | Evening, | Moming. | Evening. | Morning. Evening.
Oet. 20| 153 12:5 51 ‘ 47 17 37
30| 160 147 195 Pl INEEE (R 245 | 325
|
[ No 1 13456 i 505 | | | | 17 31
3| 1w2s | 141 | 875 ‘ a4 | | 255 36
5| 1am 118 | 65 505 U
7| 145 FEE| T st | e 32 #d
9 i | | 315 | 48
i1 055 B0 R we | ®6s 475
13 7 905 g ol R U (B e
15 08 G R 34 g
18 | 115 s 1 ... 315 | &7
a0 | 1295 | 1007 [ ... o S
22| 938 [ 743 | .. ¥ 0B
a4 192 2427 | 41 dh
CT O (N (| [ R s 37
s0| 14 | 675 [ .. 19 | 2=
Dee, 1 | L | gy 05 27
3 &56 | &1 | [
G| 92 645 | 26 | ¥1
- [ w65 | i =t
a| &3 54 958 | 27
13[ o7 875 | ; | 21 | 35
15| 5 ga [ G 4 315
17| 59 | (e 716 [ 31
19| 755 | 69 5 | 38 | 2®@
a1 | 78 7 G0
8 | 100 e | 2
2 &56 | 09 | £1 | 42
a8 8 [ 745
31 | 40 34
| |
1888, | {
Jan. 3 | 02 71 - 24y 30
5] ami 703 | 25 31
T 756 66 | 1 | bl | 34
0 T S {
1| &7 | 10d || 655 { g 34
13 09 [ S [ { 405 #15
L 10°3 &5 | 515 57 il
17| 112 835 G5 | 49 A0 375
ag) 0445 03 &30 £15 I ...
a9 | 100 T8 35 47 A65 A
a 519 ar | 4% | b8 41 305
a6 | o8 | 3G ; 46 f | 305 435
a8 9-3 56 14 17 | 44 45
30 0955 B 17 ‘ | i 40 6
Sl e e, - P — = e
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Grousps oF Rovan Ixmimoamy.

March

April

May

June

3 Feet Deep,
Moming. | Evening.
89 B8
Th i
67 20
TR T8h
il T
48 ot
7l 25
886 o
il =1
84 &1
52h B
95 s
45 80
2 a7
by T3
O 1) oo
70 72
34
L] T8
&8 o
Grdh e
BT BRIV
125 122
-] #4
(] Tl
&0 |
Ta6 956
&3 925
Wik a5
B7h i
¥R B
R bh
B G
E6 B
g8 0
Bh5 Thh
T il
-7 -
o 0
11-86 12-24
1815 1070
1255 75
908

6 Fect Deep.,
| Moming. | Evening
et
i
- |
|
o1 925
815 | 625
G4 | i
8
]
102 11-1
| 1545 Y
a7 73
908

12 Feek Deep.

T05
Herror's Hoserear
Grouspa,
: |

8 Fert | 6 Feet

Dieep. | Deep.
40 a7
44 3T
50 e
435 43
47 425
405 46
{15 415
6 48
51 475
16 51
45 i
it 14
41 43
iss | ios
&5 42
30 365
5| s
i 44
b 40
KA 44
7 56
45 44
Bl &
40 T
48 7
gl o
240 31
28 48
53 |5
'3 o
i |
30 40
36 42
45 48
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Grovsos or Hovan Ixspimuany.

Date,

I 1588,

June

—
=

=
=3

| July

ea
=

3 Feet Deep,
——
Morning, | Evening,
995 1198
10785 18
10-8
1155 10-15
12-1 10785
1134 10745
1418 1578
1024 808
Q4606 1277
1366 1044
116
1815
146G 12:5
14653 5
1675 P
1405 153
161 135
L0 156
168 1949
176G 2040
1915 183
210 20:75
220 12-6
15885 “
a1-0
191
1450y 135
220 166
19-93 1846
219 k45
23 {1
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