ENVI 102 Rebecca Edwards

Study of Water CGuality of May 10, 1991
North Branch, Birch Brook

As a hiker, I frequently find myself debating about whether
I should drink from a natural body of water without purifying it

first. Although iodine is relatively guick and effective as a

0

water puwifier, it does not taste goo%, and is probably not too

healthy. While natural bodies of water at lower elevations are
most likely polluted, natural waters at higher elevations,
gzpecially those that are remote from human impacts, are
particularly tempting to drink. One day I found myself wondering
if I could drink from the upper part of Birch Broolk, from the
North EBranch, where the Birch Brook trail is located. By
studying the headwaters of Birch Brook, where no human impact
other than that caused by hikers is allowed, I would be able to
learn about natural souwrces and indirect sources (such as
precipitation) of pollution (if it existed), the sources that are
not obvious to the eyve. Ferhaps some of my conclusions would
provide me with guidelines that could be applied to other natural
bodies of water at higher elevations, especially those that

-
receive low levels of human impact. Qﬂﬁ@ uxgﬁa-?

The samples were collected on Sunday, April 21, 1991. All

of the samples with an "FL" in their name were collected from the



approximate middle of the main flow, above where I stood, in
order to prevent myself from contaminating the sample before it

entered the bottle. The samples with "STY in their names were

taken from stagnant pools located towards the sides of the brook.
These were taken with a forward scooping motion so to prevent my
hand from contaminating the water before it entered the sample

bottle. The samples were then refrigerated as socon as I returned

T e o

Over the course of the following three weeks, the samples
were analyzed for jo:gngfliform'bacteria count, jiiibjgoliform
bacteria count, pH, acid neutralizing capacity (ANC), cation
content and anion content (Ca, Mg, K, Na, F, S04, NOZ, and Cl).
The two coliform tests were done about 24 hours after collecting
the samples. The pH and ANC were not done until nine days after
collecting the samples. The anion and cation testing was done in
the second and third weeks of analysis to filtered samples.

The methods used for all of these tests weré the same as the

methods used in labs.

Samples were collected at sites along the North Branch of
Birch Brook, starting at its origins and ending just below its
intersection with the Middle and South Branches of Birch Brook.
The western—most end of the North Branch is divided into two

( Tridbutaries??

veins, the northern vein and southern vein. (NNE = northern vein

of North Branch; SNE = southern vein of North Branch) Thus, I
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//sampled two origins of the North Branch by following e

i
7

hese veins to the points at which they diverged into multiple

AN
capillaries. Sample #IN FL came from the highest distinguishable

point on the NNE (at an elevation of about 1850 ft.), and sample
#15 FL was taken at the highest distinguishable point on the SNE
(at an elevation of about 1880 ft.). The next sample, #2 FL, was
taken at a point just below the intersection of NNB and SNE, at
an approximate elevation of 1650 feet. Samples #3 FL and #32 ST
were collected further down the North Branch at an approximate
elevation of 1470 feet. Atbthe point where the Hopkins Memorial
Forest Loop Trail intersects with the North Branch, at
approximately 1290 feet in elevation, sample #3 FL was talken.
Samples #& FL. and #&6 ST were collected in the Moon Lot, at about
1080 feet in elevation. Sample #7 FL was also taken in the Moon
Lot, at an elevation of about 1040 feet. Sample #8 FL was taken
just above the intersection of the Morth Branch with the Middle
and South Branches, at an approximate elevation of 940 feet, and

sample #9 FL was taken just below this intersection, at the same

elevation. (see Appendix /I-\\ Jh__l(ﬁWﬂ fCUE. pwwu L{AL\,AKUD
BN JM\Q 410\ 0 Qe I
\“\h Results (see Appendix 2) k>' LLr@tt {f:\
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J All of the ions I tested for, 1 found, w1thvtﬁé exception of
’WC“W\ M o toacan. tanegsilyde
ﬁ F, which was present in insigilficant concentrations. The data
iﬁdﬂb that I cbtained shows some general as well as specific trends, in

< addltlon to some exceptions to these trends. Specifically, there

u
‘ﬁ were some relationships amongst the concentrations of various
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ions. The concentrations of Ca and Mg were proportionate to each
other. (see Appendix 3) Both tended to increase with a decéé&se
in elevation, especially between the sample sites at 1040 feet
and 9460 +feet. Also, the concentrations of Ma and Cl1 highly
correlated to gach other, but remained relatively constant with
elevation change. (see Appendix 4) The concentrations of NO3I and
504 were inversely related: as one increased, the other decreased
approximately the same amount. While nitrate concentration
slightly decreased with decreased elevation, sulfate slightly
increased with elevation decrease. (see Appendix 5)
The pH of the samples tended to increase with elevation
decrease, and ranged from 5.12 at site #IN FL to 6.97 at site #8
FL.. (see Appendix 2) In many cases, the samples with higher pH's
often had higher acid neutralizing capacities, however, this
{{)\ trend did not occur consistently. The concentration of sulfates
tended to correlate with the pH values inversely: the higher pH
values tended to have lower sulfate values and vice-versa. (see
Appendix &) The acid neutralizing capacity, although it tended
QNL o fluctuate, was consistently higher at lower elevations, and
o
was related to Ca concentrations. (see Appendix 7) Some

exceptions to the trends mentioned above are the 85T samples, and

-
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- the sample taken at the origin of the SNE, sample #15 FL. Sample

PN

'Q%B* #1585 FL acted very unusually. It had significantly higher

)

N ’concentrations of Ca, Mg, ¥, Na, Cl, and NOZ than the other

£§Dob samples collected at higher elevations. Also, it had a
NN

R
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significantly lower concentration of S04 than the other samples
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taken at higher elevations. Furthermore, it did not behave as if

it were taken at a lower elevation. One might assume that both
5T samples, #2 ST and #6 ST, would behave differently than the
other points at their elevations, and similar}ty to each other.
However, I did not collect enough data at stagnant sites to draw
any conclusions. Sample #3 85T tended to behave similarly to
other points at similar elevations. Ferhaps the stagnant water
where I collected the sample was still receiving significant
water flow despite its appearance. Sample #6 5T, however,
behaved unusually. It had éignificantly higher concentrations of
Ma, Cl, and 8504, and a significantly lower concentration of NO3Z
than the other samples collected at nearby elevations.

The concentrations of total coliform and fecal coliform
tended to be somewhat %ZEiESEEE’NgJ’ they did Hot relate to each
other. {(see Appendix Z) However, the water sampled at the tweo
stagnant sites, especially at #& 5T, had some of the higher

levels of coliform bacteria, and #&6 3T had the highest

trati f fecal colif K&‘\'\m&% \.\\%
concentration o reca COLIT0Orm. e
LONNCERY

My samples were all collected on a rainy day, and since
Birch Brook is a "flashy"l brook, it tends to react guickly to
rainfall, its flow rapidly increasing on rainy days. Thus, thea
outflow of Birch Brook was relatively high on the day I collected
my samples. {see Appendix 8) Data collected by Prof. David

Dethier and Sandy Brown at the monitoring station below the

1 Dethier and Brown. "Birch Brook Studies,” A
Journals€enter for Envirenmental Studies, Vol. 7, 1990, .29

[~
P



intersection of Birch Brook with Buxton Brook (see Appendix 2 and
9) indicated no trends in ion concentrations with increased

precipitation/outflow levels. However, this data is inconclusive

because it only contains(?onéhly sampligg, QSd does not take into

ccount weather conditions of previous but r&cent days. However,

;
{;ﬂ the ion congentrations measured at the mo itogé?g station were
bl e’ ol ot Caloo 5o,

higher than! the concentr iég%ﬁ% t I = ?d gt a%b

sample site. Furthermore, while most of the ion cﬁncen%rations

at the monitoring station were higher than the concentrations

that I measured, they all increased or decreased at consistent

rates with elevation changes.
Some other observations that should be noted are that the

rocks that line the brook at higher elevations are primarily
phyllites, while those at lower elevations, especially in the
Moon Lot, ace i ily mggblesCMM& d@ﬂgﬁthﬁ

The concurrent increase in both Ca and Mg concentrations can
be explained by the fact that they both are ionizged from the

G Culn, Clrans U -~ ML wsh T

marble at the WBottom of the brook as it runs t%rough the Mooan

Lot. Thus, as the water runs over this parﬁjq&ﬁaﬂs ropk, the
concentrations increase. The Na'g;E/EI concen rationt are
™ ¢ weddhorod ¢ eldd
proportiona£ because they come from similar~types of rocks.
¢ Ludd youdr '-
However, because few ot these Yocks exist, their concentrations

do not change as the brook decreases in elevation. The increase

in sulfate as the brook decreases with elevation can be explained



“
by two factors. First, sulfate could be picked up from Nmmﬁ&ﬁm?(
phyllite rocks found at the higher elevations lining Birch Brook.

Or, the gulfates could 1nrrei§e dui to thgﬁiﬁffei nce 1a

rainwater, and increasing volumes Df\jgnﬁﬁﬁxﬁz_ﬁne gets further

n down the brook. Frobably the increase in S04 as elevation
(Dﬁvxwﬁaﬂecreases can be attributed to a combination of these two
factors. The decrease in nitrate with elevation change can be
explained for different reasons. More nitrogen pfoducing
activity such as decay could be occurring f//ﬁ:gher elevations.
Or, while similar amounts Df decay could be occuwiring at all
elevations, more nitrogen could be being absorbed at lower
glevations where there is more plant VQLETE, and so most of the
nitrogen is fixed by plants before it runs off into the brook.
Thus, the nitrates that initially entered thﬁ/brook are diluted
by water with lower concentrations of nitrate as the brooks
decreases in elevation. I cannot find an explanation for the
almost perfect inverse relationship of nitrate and sulfate
concentrations. Perhaps it is a random ococwrence in data, but
the accuracy with which the nitrate curve can be re+lect@d to qet

t&é »KA‘ vf; ClzL WM*AJ

the sulfate curve should be noted.

R A
AT
EMﬂzb&ﬁQ//’/—?ﬁgjﬁower pH s at higher elevations could be explained by
AV
i{% 2 the acid neutralizing capacity level changes. ANC was
SV
;i consistently higher at lower elevations, Thu when the brook

&Nﬂfgﬂﬁl
x water reached lower elevations its pH‘ralsed due Ee h gh riQNC’s.
0 00 ko oBa U fuahey
Y@? (NM%he relationship between sultate CDnCﬁ¢5rqtlfﬁ§ and pH 5 1$
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tvpical, because with increases in Sulfﬁte‘are increases in
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sulfuric acid, which will tend to decrease the pH of the sample.
The unusual pH values for the highest two samples, #IN FL and #15
FL could be explained by the presence of unknown groundwater
springs that could be significantly changing the pH's of these
samples. However, the sulfate concentrations were inversely
related to the pH values measured, and the sulfate concentrations
at these two highest points were alsoc unusual. Thus, perhaps
groundwater souwrces exist at these elevations that are
contributing to ion,concentrations, especially that of sulfate.
However, while sapiple #1IN FL behaved rather normally in other
respects, sample #1585 FL was completely abnormal, suggesting that
the presence of an unknown groundwater spring exists near this
sample site. The increase of ANC over decreasing elevations, as
well as its correlation to Ca concentration, can be explained by
its dependence ofA carbpnate (COZ) concentrations. ANC increases
with COZ concentrét1on;32§nd Ca often is attached to COZ as
calcium carbonate. |

The behavior of the sample #6 8T can be explained by its
stagnancy. Because it is not flowing, it had a chance to
accumul ate higher concentratio of mostulumj as it sat, and H20

evaporatedf/ Its low le % Eat e‘ ougyec can be explained

by the higher amount Df plant/algal Q%owth in still water, and

the plants will absorb the nitrogen.
At this point, the fact that my highest ion concentrations
were lower than those obtained at the monitoring station further

down the brook needs to be addressed. My initial assumption was
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lhlgher coliform counts.
nr——
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that the increased precipitation on the day that I collected
samples would dilute the brook water so az to lower the
concentrations of most ions. However, after comparing various
data, this trend was not clear. Thus, while my samples could in
fact have been slightly diluted by the rain, I would guess that
the reason for the higher concentrations of most ions at the
monitoring station is that the water travelﬁ9/¥ﬁ:ther down in
elevation, and in the process, picked up more ions from the rocks
it ran over, or from possible human pollution sources near the
lower parts of Birch Brook,blike runoff from Fetersbuwrg Reoad. My
guess is that the change in ion concentrations between my lowest
sample sites and the monitoring station site is caused by a
combination of these factors. Nevertheless, because the pattern
of increase/decrease of these ion concentrations did not change
significantly, I would not suspect any unusual processes to be
intertering with the brook water for the most part.

Finally, the variance in total and fecal coliform
measuwrement can be explained by animal activity. Whichever sites

had been recently visited by an animal would be likely to have

/

Conclusions %\,\,\45 o LL{/(.\J.@ MV%&M Q\Q uM\m u‘_"‘{d()qr‘ Y\ N

The ion concentrations in the brook were never excessive, AQQ)‘
w b
and should not prohibit the drinking of the brook water. \%5
However, in some cases, the total or fecal coliform counts were

somewhat high and in excess of federal primary drinking water



standards. Thus, I would not recommend drinking this water.
However, averall, it is very healthy, and if one wanted to drink
this water, especially at higher elevations, one would be risking
at most a stomach virug. No chance of toxic poisoning exists

here, fortunatelvy.
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Page #1 - “Water Quality on North Branch, ”

Thursday, May 9 3:10 PM 1991

Pﬂ1mmdb< 3

Sample

1N FL
1S FL
FL
FL
ST
FL
FL
ST
FL
FL
FL

Lo -JdooanO0OTwwhN

Na' (mg/L)

0.39
0.54
0.38
0.44
0.38
0.37
0.406
1.04
0.43
0.47
0.42

pH

5.12
6.69
6.09
6.01
6.11
6.16
6.17
5.85
6.24
6.97
6.90

X
K (mg/L)

0.07
0.28
0.08
0.13
0.10
0.08
0.11
0.10
0.08
0.11
0.08

~
i 2.00
& 34.00
v 2.00
<200
10.00
4.00
2.00
6.00
14.00
20.00
42.00

F (mg/L)

0.00

0.01
0.00
0.00

0.02
0.00
0.01
0.00

Total C Hxﬁ

ﬁ.@&g&u [[o T YA
130.00
140.00
100.00
50.00
80.00
40.00

100.00
80.00
0.00
30.00

c1” (mg/L)

0.44
0.49
0.45
0.34
0.33
0.33
0.49
0.96
0.32
0.32
0.31

47
Fecal Colifrm|Cca (mg/L)
hmig&m8§&

3.00 1.88
5.00 2.81
0.00 2.30
0.00 2.25
1.00 2.32
0.00 2.26
0.00 2.25
32.00 " 2.42
19.00 2.32
0.00 4.07
19.00 3.40
NO3™ (mg/L) SO4 Xmg/L)
Q.89 5.63
2.75 4.46
1.40 5.21
1.30 5.22
1.26 5.28
0.93 5.63
0.87 5.63
0.05 6.23
0.67 5.77
0.43 6.03
0.72 5.47

+2
Mg (mg/L)

0.61
0.79
0.69
0.6606
0.68
0.66
0.63
0.61
0.63
0.91
0.89
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.ge #1 - “Birch Brook Chemistry Data” Friday, May 3 9:22 pM 1951
Date Sample# Ca, mg/L Mg, mg/L Na, mg/L K, mg/L NH3, mg/L  HCO3, mg/L sS04, mg/L cl, mg/L NO3, mg/lL pH Conductivity
4/3/83 1.00 4.52 1.11 0.550 0.240 0.120 7.80 6.80 0.500 0.0800 6.80 38.9
5/15/83 2.00 4.45 0.800 0.650 0.200 0.150 11.3 7.40 0.300 0.110 6.60 37.0
6719783 3.00 7.65 1.50 0.730 0.340 0.260 23.4 7.90 0.0500 0.130 7.40 57.0
7/17/83 4.00 13.6 2.20 0.730 0.2990 0.130 35.2 8.80 0.300 0.220 7.60 80.0
8/21/83 5.00 16.2 2.70 0.940 0.240 0.240 46.9 10.6 0.300 €.130 7.70 103
9/18/83 6.00 13.8 2.95 1.10 0.200 0.450 52.4 12.7 0.500 0.0700 7.70 108
10/16/43 7.00 13.7 2.90 0.940 0.580 0.130 46.0 1.0 0.500 0.120 7.80 96.0
11/20/83 8.00 9.70 1.96 0.770 0,260 0.0900 27.17 12.3 1.10 0.140 7.50 73.0
12/18/83 9.00 2.50 1.30 0.550 00800 0,130 8.40 7.99 9.600 __0.0300 6.50 33.0
SRS 7.5 1-7.1:1 MRS L D 5. 1,20 0.550._._ ___. 0.160 _ 0-160 14.9 _8.9¢0 0.800 0.0600 7.20 17.0
2/19/84 0.930 0.730 0.200 0.210 8.10 7.40 6.700 0.0800 6.90 9.99
3/18/84 Ry 1.05 0.730 0.0800 0.340 12.7 7.90 1.00 0.130 7.10 9.99
4715788 LN\ 0.700 0.450 0.0400 0.210 6.10 §.90 1.40 0.140 §.90 9.99
5/29/84 : 0.980 0.650 0.0600 0.190 7.40 7.70 1.50 0.0300 6.60 43.0
6/17/84 0.670 0.570 0.130 0.130 7.60 6.30 0.600 0.0400 6.30
1/31/84 9 2.18 1.65 0.460 0.150 47.5 8.60 1.30 0.0400 6.50
8/19/84 1.28 0.650 0.160 0.160 27.4 7.7¢ 0.700 0.01000 6.80
9/16/84 1.49 0.620 0.200 0.240 18.0 7.70 0.700 0.0900 6.80
10/21/84 1.73 0.700 0.120 0.560 30.3 8.10 0.800 0.0300 7.00
11/18/84 1.7t . 2.33 0.970 0.330 0.430_ 31.0. 10,7 1.10 0.0600 7.60
12713784 1.1 3. 0.970 0.490 0.120 0.230 8.40 8.10 0.900 08200 . §.80
1720785 . ¢ . 0,860 6.300 0.170 9.340 9.80 8.30 0.930 0.0300 7.10
2/17/8%, % 4. 1.04 0.350 0.180 0.210 12.3 7.40 0.9060 0.100 7.10
2/17/88; 7. 1.35 0.370 0.270 0.180 13.3 7.75 1.97 0.150 6.95
2/24/85 4. 1.43 0.300 0.160 0.450 7.34 6.75 0.850 9.0900 §.81
3/17/85 1.4 4. 1.08 0,850 0.180 0.210 5.88 6.90 4.56 0.110 6.40
4/21/85 . 27.0 9.60 1.22 0.400 0.120 0.180 15.8 7.40 0.930 0.0200 7.30
s/19/85 1. i 28.0 8.50 1.47 0.950 0.230 0.120 21.8 7.15 1.65 0.0300 7.10
s/11/85 M7 29.0 8.00 1.57 0,370 0.170 0.130 19.9 6.80 0.450 0.01000 7.43
1/21/85 1T 30.0 13.5 2.35 0.500 0.170 0.140° 34.7 8.50 0.510 6.110 7.62
8/18/85 50 31.0 25.6 1.74 0.500 0.330 0.35¢ 38.6 B.65 1.17 0.0800 7.62
9/23/85 .3 32.0 13.6 2.01 0.850 0.170 0.230 45.8 10.0 1.46 0.0300 7.3
10/21/85 ¢ 33.0 24.0 2.58 2.15 0.330 0.170 63.1 11.4 2.23 0.01000 7.86
11/26/85 1,53 34.0 9.48 1.05 1.45 0.170 0.140 23.5 9.65 2.27 C.0400 6.51
e -w._12/10/85 L} - 35.0 9,60 1.05 1.30 0.330 0.230 22,2 8,90 1.97 0.0300 6.88
1/20/86 3.§( |7 5. 7me36.0 10.5 1.08 2,13 0.500 0.320 ————28.3 8.85 2.72 0.0500 7.00
2/24/86 .1 37.0 12.4 1.08 2.02 0.0300 0,160 — 252 8.60 2.53 0.0400 6.95
3/26/88 2.7 38.0 8.00 1.14 1.45 0.170 0.110——" 23,90 8.15 1.94 0.01000 6.15
4/22/86 .12 39.0 8.84 0.900 1.92 0.170 0.0900%-——~1 29.5 8.35 2.42 0.120 7.35
_-51.0 8.40 2.35 0.0200 7.93
5/19/86 40.¢ 13.9 2.01 2.52 0.170 0.100—"_.28.6 6.74 0.450 0.0500 7.39
. 6/16/86 41.0 9.96 0.750 0.470 0.330 0.180 — 2.8 7.20 0.840 0.0800 7.29
1/21/86 42.0 7.67 1.14 0.510 0.200 0.220 — _16.8 4.59 0.250 0.140 7.10
8/15/86 43.0 5.43 0.230 0.210 0.560 0.320 1.3 4.48 0.690 6.140 7.01
9/22/86 44.0 5.84 0.580 0.710 0.240 0.180 — 7~ __32.¢ 5.7% 0.780 3.120 7.12
10/2¢/86 145.0 .76 1.24 1.35 0.700 0"50/////‘2948 6.41 1.36 £.0800 7.25
- 11/17/86 4 46.0 10.7 2.820 0.970 0.170 0.1207"_53 .8 2.12 0490 00600 1.23
> 1215486 47.0 6.41 9.980 0.940 0.230 0090014 ¢ 2.36 0.760 0.230 7.60 9.
1/12/97 |, 5¢ 48.0 3.93 1.02 0.430 0.370 ° 250;'/_"/\13.7 7.2 1.01 0.210 7.12 9.
2/9/87 . 9.0 4.72 1.51 0.530 0.120 0.450 /_/_,17.0 7.88 0.630 0.130 6.98 9.
3/9/987 50.0 5.13 2.01 0.610 0.540 0.3%0-—77 9.0 8.89 0.670 0.150 7.54 9.
4/6/87 6,73 51.0 6.98 1.52 0.720 0.1%0 0.220° 16.8 8.72 1.23 0.220 7.39 9.
5/4/87 , 42 52.0 7.59 1.38 0.490 0.150 o.xw//z'l.A 7.74 0.8%0 6.190 7.24 9.
§/1/87 .I° 53.0 8.24 1.76 1.21 0.270 o.zvo//_;g-u 9.12 0.960 0.240 7.19 9.
7/2/87 7% 54.0 10.9 2.30 1.62 0.350 0.130 24.5 8.93 6.420 6.160 7.39 9.
8/10/87 .6 55.0 7.56 1.79 1.32 0.430 [ 250/’/:.35,5 10.7 0.630 0.110 7.68 9.
9/8/87 ,23/2 13110560 13.1 0.960 2.13 0.320 0.310 31.7 6.76 0.890 0.0800 1.2 9.
10/8/87 3,43f 104f 126570 1.2 0.940 2.24 0.190 0.36!:,’:; 23.3 8.12 1.12 0.150 7.13 9.
11(2/87 1.0 58.0 8.56 0.760 1.52 0.110 0.4607  _17.0 9.79 1.38 e D2ATO0 7.m 9.2
12/3/87 1.%7 59.0 7.12 1.23 0.540 0.540 0.760 - ,_4‘1‘.17 523 0,740 (20419 A -1 S 9.
T7TO7EE =7 2070 LT1 NN -1 5438 0,329 6.230- a5 7.89 0.830 0.380 6.88 9.
2/2/88 ¢ 61.0 5.45 1.20 0.870 0.270 0.450 777 5y 4 4.6 0. 910 0 170 62 b
3/1/88 .51 62.0 §.37 0.870 1.03 0.840 0.760 7 . 5.80 6.38 1.07 0.750 6.85 9.
4/4/88 3.10 63.0 2.91 0.940 0.920 0.220 [ 970/,17,3 7.88 114 0.730 7,18 o
5/2/88 1.0 64.0 5.86 0.870 1.12 0.340 [ 460/A/£4;o 9.08 0.990 €.970 7.28 9.
§/13/88 65.0 7.23 1.12 2.01 0.570 0.870 7 _26.9 10.7 1.21 1.00 7.20 9.
7/11/88 . 66.0 10.9 0.830 0.490 0.230 0.76C _44.6 9.32 ¢.870 0.740 6.98 9.
0/8/88 1+ 67.0 9.46 0.980 0.760 0.450 0 34!/46.6 7.65 0.970 0.340 7.39 9.
9/6/88 .*1 68.0 6.78 0.940 0.870 0.340 0.37C"7 464 8.96 1.29 0.00 7.77 92.0
10/4/88 17 §9.0 14.5 3.06 1.44 0.350 0.0600—""__20.7 8.89 1.62 0.930 7.3 64.0
11715788 1,50 70.0 1.47 1 a9 1.04 0.200 o.owg;/u_s 8.30 0.740 1.01 7.05 999
12/30/88 1.c0 71.0 5.51 1.28 0.410 0.0800 A{);;?,Juw LB:E] .51 9850 B Y7 S 5570
TTE789 .0 0 579 1755 07340 0.0800 0.0800—"7__19.0 8.82 0.860 1.27 1.20 59.0
3/7/89 . 73.0 7.50 1.63 0.500 0.170 0.0800 18.8 8.32 0.310 2.15 7.24 61.0
3/20/89 , % 74.0 7.22 1.76 0.450 0.210 0.0600/_/_14‘6 8.47 0.790 3.95 7.17 48.0
5/1/88 Lat/ivfinTe 15,0 7.92 1.60 0.630 0.170 0.0400""" 10,5 7.82 0.710 1,47 6.90 430
5715789 .05 76.0 5.15 1.19 G.550 0.220 0.0300 -11.7 7.32 0.650 1.54 7.21 39.0
6/12/89 308 77.0 4.94 1.17 0.490 0.170 0.05007 ~31.5 7.88 0.450 0.630 7.32 74.0
8/21/89 .~ 78.0 9.30 2.82 0.610 0.190 0'0408//' 36.6 8.04 0.400 0.940 7.37 83.0
9/4/89 .04 75.0 10.5 2.72 0.720 0.230 0.030 /22.7 6.50 0.530 1.12 7.20 45.0
! 0.540 0.240 2.8700= 15.4 6.90 0.850 1.38 44.0
10/30/89 80.0 S.13 . 1.35 =2 21
0/;20.0 7.0 0.800 1749 53.0
11/26/89 20 81.0 5.05 126 0.560 __ 0.260 ~°-”’.,-4é>,15.1 6.54 0.660 3.10 6.97 36.8
1710790 TS ——"—§z: C TR T T Tilse 0.£60 0.140 0.0200-" " 136 6.92 0.560 1.54 1.27 4.5
3/19/90 6+35 83.0 3.88 0.960 0.560 0.130 o.ozoo/ 40 6.94 0. 590 1.7 7,30 a0
4/30/%0 84.0 4.97 1.15 0.680 0.170 [ 0200/9.0 7.29 0.430 1.43 7.42 48.0
5/29/90 85.0 5.09 1.14 0.650 0.170 0 0200/‘;9.0 7.82 0.460 1.43 7.70 99.0
6/25/90 86.0 6.19 1.49 6.510 0.180 0 °"°°/1s,a 5.64 0.470 2.31 7.11 48.0
8/1/90 87.0 9.19 2.06 0.600 0.270 0.0700/31,2 7.45 1.02 0.00 7.48 70.0
8/6/90 88.0 5.95 1.38 0.430 0.480 0.0700/46.1 7.25 1.00 0.480 7.33 46.0
10/15/90 89.0 8.88 2.12 0.600 0.500 9-99" 5 (11.0 6.84 0.450 1.13 7.06 34.0
11/25/90 90.0 5.45 1.29 0.530 0.130 N AL 78T U580 7.350 718 -
12/24/90 91.0 — 12.7 7.30 ©.460 0.770 7.15
1723751 92.0
2/18/911.00 93.0

4/29/91 | ¢ 94.0






