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The third season of environmental impact monitor-
ing of the Dry Valley Drilling Project (DvDP) com-
menced with the October 1973 arrival of Messrs.
F. Morelli, R. Donlan, and J . Guilfoyle. Air, soil,
and water were sampled for microbial evaluation at
Lake Vanda (site 4), at Don Juan Pond (site 5),
at Lake Vida (site 6), at Lake Fryxell (site 7), and
at New Harbor (site 8).

Following the arrival of Dr. Cameron and Messrs.
Markley and Smith, in early January 1974, monitor-
ing continued until mid-February in the dry valleys
at New Harbor, at Lake Vanda Station (New Zea-
land, and at Lake Bonney hut, and on Ross Island
at McMurdo Station (including at sites 1 and 2, on
the flanks of Twin Craters, and at site 3, beside Thiel
Earti Sciences Laboratory). Pre-audit data were ob-
tained for prospective drill sites at Cape Barne, at
Walcott Glacier, and at the west lobe of Lake Bonney.

In addition to sampling and culturing for microorga-
nisms, other duties and responsibilities, as outlined in
the DVDP phase 3 field operations plan and environ-
mental appraisal (1973-1974), involved time-consum-
ing participation in camp and drill monitoring activ-
ities at the various sites. These duties included estab-
lishing procedures for dishwashing and food handling,
for collection and disposal of kitchen slops, for dis-
posal of human waste, for disposal of trash and drill
fluid-impregnated soils, and for movement of person-
nel and materials from site to site.

A brief summary of some pertinent observations
for each of this season's sites follows:

(1) McMurdo Station, site 3: the visible impact
of this site was blatantly evident by its unsightly
appearance (fig. 1), a consequence of unmonitored
drilling operations; indigenous populations of bac-
teria, fungi, and algae were completely eliminated
and were replaced by a few entirely different species
of hydrocarbon-decomposing bacteria;

(2) Lake Vanda, site 4: a barrel of urine was
spilled on the ice; loss of a segment of drill casing
into the lake, which could not be recovered; no aerial
microorganisms were recovered prior to or after
drilling, although numerous Penicillium spp. were
recovered during the tenure of the camp, and instru-
mental and media difficulties may have resulted in
negative answers during the post-audit;

(3) Don Juan Pond, site 5: presence of an aquifer
stopped the drilling; helicopters landed on the un-
designated edge of the pond basin near the stream
inlet; an uninformed visitor urinated at the site;
only a slight increase was noted in the number of

Fig u e 3. DVDP site 3 beside
Thiel Earth Sciences Labora-
tory, McMurdo Station. Indig-
enou microbial populations
at tlis unmonitored site com-
pletely were eliminated and
r.plced by a few species
of hydrocarbon -decomposing

bacteria.
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Figure 1. DVDP sites and
8, New Harbor, Taylor Val-
ley. Calcium-chloride-inpreg-
nated soil from drill jpera-
tions was piled besid the
drill shack and required l later
efforts to place contaminated
soil into !tarrels for helicop-
ter removal from the area.
Ca'cium-chloride corroded
through the barrels' bungs
before removal from the site.
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Figure 2. Aerobiological sampling with a Reynier slit sampler
beside the Lake Bonney hut, Taylor Valley, on January 12, 1974.
The aerobiological contamination quotient increased for the hut

area as compared to results of the previous summer.

aerial microorganisms--Penicillium spp.—after drill-
ing ceased; no viable microorganisms were found in
the pondwater downstream from the site after
drilling;

(4) Lake Vida, site 6: an undetermined amourt of
asrrdrill fluid (diesel fuel) was observed moving g

the soil surface of the ice-cemented permafrost toward
the lake; removal of more than 40 barrels of drill
fluid (diesel fuel) impregnated sand was insufficient
to clean up the area; Penicillium spp. were found in
air samples prior to drilling and a substantial number'
of white molds and some bacteria were found in air
samples taken after drilling;

(5) Lake Fryxell, site 7: collapse of the hole could
not be rectified and drilling was stopped, followed by
removal of 33 barrels of drill fluid (calcium chloride) -
impregnated sand; practically no microorganisms
were obtained in air samples prior to drilling, biit a
substantial number of Penicillium spp. were recov4red
after drilling ceased and the camp had been moed;

(6) New Harbor, site 8: both calcium chloride kind
diesel fuel were used as drill fluids, and calcium
chloride-impregnated sand was piled beside the clrill
shed during the changeover and temporary abs nce
of the environmental monitors, requiring su'bseq ent
clean-up ('fig. 2); after drilling ended at the ite,
diesel fuel pooled between the holding tanks nd
then leached into the adjacent stream flowing to the
harbor; Neurospora sp., probably introduced via fo d-
stuffs, became the predominant contaminant in the
kitchen Jamesway and later became an obnoxious cn-
taminant in the McMurdo Eklund Biological Cener.

A summary of aerobiological results for the varius
drill sites and other monitored areas, including p1'os-
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pect ye sites for next season, is given in the table.
All esults were obtained with a Reynier slit sampler
pull ng 1 cubic foot of air per minute for 1 hour and
usin a specially modified cornstarch •agar for low
tern erature sampling. All samples were incubated at
20' 1--'A. Results for similar sites may be compared with
results presented previously (Cameron et al., 1972;
Cameron et al., 1973; Morelli et al., 1972).

s shown by these results, aerial microorganisms
we encountered at all the sites except over ice early
in t e season at Lake Vanda (site 4), and at prospec-
tive DVDP sites at the moraine near Walcott Glacier
and at Cape Barne. It also is significant that nearly
all pre-audit aeromicrobiological data results were
low r than for post-audit data results and, for a sig-
nifi ant number of DVDP sites, the pre-audit data for

1973-1974 are higher than for the pre-audit data
for 1972-1973 (Cameron et al., 1972). Subsequent
post-audit sampling should indicate whether the levels
of aerial contamination-a good sign of surface con-
tamination-will be maintained or will decrease or
increase after work is finished at DVDP sites.

It also may be significant that the level of contami-
nation at Lake Vanda Station decreased this season
after changes were made in some camp practices
observed last season. But the contamination quOtient,
expressed in terms of aerial microorganisms, climbed
at the Lake Bonney hut; this may have been due to
building construction, to use of the hut area as a
collection depot for debris gathered in a clean-up of
surrounding areas, and persons consuming food in the
chemistry laboratory (fig. 3). The number of person-

Abundance of microorganisms in air samples at monitored sites.*

Location

Lake Vanda, DVDp site 4
During drilling

Don Juan Pond, DVDP site 5
During drilling

Lake Vida, DVDP site 6
During drilling
Inside recreation tent

Lake Fryxell, DVDP site 7
During drilling

New Harbor, DVDP site 8
During drilling
Dining room Jamesway
Kitchen Jamesway
Drill shack
Defecation tent

Lake Vanda Station, outside
Inside

Lake Bonney hut, outside
Inside
Generator room
Chemistry laboratory

Walcott Glacier, prospective DVDP site
Cape Barne, Ross Island
MçMurdo Station, Ross Island

Thiel Earth Sciences Laboratory
Main work room
Outside freezer
Core logging room
Core logging room
Core storage freezer
Core storage freezer
DVDP site 3

Eklund Biological Center microbio-
logy room

Flank of Twin Craters, DVDP sites 1
and 

Beach refuse dump

Sample number and aerial
microorganisms (bacteria and

	
Wind	Temper-

Date	molds) number per plate	(knots)	ature (°C.)

10/31/73
	

103 (pre)
	

0.00
	

35, SW	-17
11/28/73
	

111&112
	

<10
	

8, SE	 -5
11/17/73
	

109&108 (pre)
	

0.02
12/5/73
	

115&116 (post)
	

0.03
	

12,E	 -8
11/27/73	109&110 (pre)

	
0.15
	

0	 -6
12/22/73	118&119 (post)

	
3.5

12/18/73	ROR
	

60.2
1/1/74	117 (pre)
	

0.04
	

+13
1/3/74	121 (post)
	

1.80
1/1/74	120 (pre)
	

0.46
1/28/74	132 (post)
	

2.1
	

4,E	 -4
1/23/74
	

128
	

3.5
	

+18
1/23/74	129
	

1.8
	

+14
1/23/74	130
	

0.41
	

+5
1/23/74
	

131
	

0.13
	

+7
1/31/74	139
	

0.33
	

0	 +1
1/31/74	138
	 1.90

	
+15

1/17/74	123
	 0.16

	
5-8, W	-2

1/17/74	122
	 1.70	 +20

1/17/74	124
	 0.80

	
+4

1/17/74	125
	

4.0
	

0
1/22/74	133
	

0.00
	

5-10, NE	+6
1/26/74	137
	 0.00

	
0	 +4

10/22/73	101
	

1.90
	

+18
10/25/73	102
	

0.06
11/3/73	105
	

0.25
	

+18
1/26/74	134
	 2.50

	
+12

11/3/73	106
	

0.30	 -25
1/26/74	135
	

0.80	 -25
1/26/74	136
	

0.67
	

0	 +2

11/3/73	104
	 2.10

	
+20

2/2/74	141
	

0.25
	

0	 +1
2/1/74	140
	

5.0
	

0-i, SE	+1

*Bed on I cubic foot of air per minute for 1 hour.
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nd, both permanent and transients, at each site un-
doubtedly influences the aerobiological contamination
quotient.

Although the data are not complete and monitor-
ing of personnel and habitats has not been of suffi-
cient duration to make a comparison, there is grow-
ing evidence that people's presence in Antarctica has
nonvisibly as well as visibly altered some areas. Micro-
bial sensors continue to be 'a valuable tool for deter-
mining impact on this continent's ecosystems.

This research began under National Science Foun-
dation contract C-585 to the California Institute of
Technology (Jet Propulsion Laboratory), and con-
tinued under National Science Foundation grant
GV-40602 to the Darwin Research Institute.
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The physical impact of DVDP drilling
at site 4, Lake Vanda

'C. H. HENDY and R. HOLDSWORTH
Antarctic Research Unit

School of Science
University of Waikato

Hamilton, New Zealand

In November 1973, the Dry Valley Drilling Project
(DvDP) drilled a hole in the deepest portion of Lake
Vanda (site 4), Victoria Land, penetrating 10
meters of sediment before striking bedrock. Because
of the extreme clarity (mean half thickness for visible
light is 15 meters) and the unusual temperature and
chemical stratification of the Lake Vanda waters
(Armitage and House, 1962; Wilson and Wellman,
1962; Angino et al., 1964; Hoare, 1968) and of other
lakes in the dry valleys (Angino et al., 1962; Hoare
et al., 1964; Shirtcliffe and Benseman, 1964; Hoare
et al., 1965; House et al., 1966), Lake Vanda was
monitored for any physical or chemical aberrations
that may have been caused by drilling activities. This
paper describes physical aberrations of the lake caused
by the drilling.

Temperatures were determined by using co per
constantan thermocouples with the reference jun4tion
in a mixture of water and ice. The resulting potertials
were measured with a Tinsley (model 314D)
potentiometer to ±1 microvolt. Water opacity was
determined by using a pair of matched light de-
pendent resistors (LDR) (model RPY584) in a b dge
circuit; the ratio of light reaching the variable d pth
LDR to that reaching the reference LDR at 10 m ters
below the ice was determined. Measurements Were
usually made through a hole in the perennial ice 15
meters south of the drill rig, at 1-meter intervals. On
a few occasions, however, 5-meter intervals were
used. Light intensities also were measured by using a
selenium cell (Weston model 406-202).

The only observed physical aberration of lake
Vanda was a marked increase in the opacity of the
waters between 61 and 65 meters in depth see
figure 1). This seems to have been caused by the
accidental loss, on October 14, 1973, of 20 me ers
of drill casing that fell to the lake bottom. Prio to
starting drilling at site 4, the extinction coeffic en
reached a maximum of 0.3 meter- 1 at 63 to 64
meters in depth. Within a few days of the drilling
accident the extinction coefficient of this layer of
maximum opacity had risen 'to 0.95 meter'; this
represented a threefold increase in opacity. When
drilling ended, however, opacity rapidly decreased
so that, by December 2, the layer of maximum opacity
had an extinction coefficient of 0.4 meter-' (but
the layer had broadened slightly). The increase in
lake opacity led to a change in the distribution of
absorption of solar energy within the water column.
Before drilling started, the light reaching a depth of
65 meters was 2 percent of that at a depth of 10
meters. Shortly after dropping the casing, the light
level at 65 meters in 'depth dropped to 0.04 percent.
But by the time monitoring ended 2 weeks later, the
light reaching 65 meters in depth had risen again to
0.4 percent of that at 10 meters in depth. It remains
to be seen how long the increased opacity will'e-
main in the 'lower levels of the lake, but with t 
rapid clearing observed between November 19 ad
December 1 it is probable that it will decrease to
below detectable limits before the 1974-1975 season.

On several occasions, rhythmic fluctuations were
noticed when making temperature, opacity, ad
conductivity measurements in the vicinity of 0
meters in depth. As these fluctuations had a pen d
of several minutes and could be accounted for by a
vertical displacement of several centimeters, it is
likely that they were caused by internal waves with
the density-stratified lake.	

LDrilling operations at Lake Vanda had little phys
cal impact on the lake except for increasing the
opacity below 60 meters in depth. If this does not
quickly return to its previous state, a slight change
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