10

6. The study was the first Minnesota DOT scoping
process that allowed for early elimination of route
alternatives and recommended a manageable number of
alternatives for the EIS process, thus shortening
the EIS process considerably.

The Minnesota DOT was impressed with the scoping
technique used in the study, which provided data for
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decision making in a comprehensive and efficient
manner. The phase 2 report was a landmark accom-
plishment for the Minnesota DOT. The project repre-
sents an integration of the computer mapping tech-
nique into the transportation planning process.

Publication of this paper sponsored by Committee on Landscape and Environ-
mental Design,

Controlling Acidic-Toxic Metal Leachates from
Southern Appalachian Construction Slopes:

Mitigating Stream Damage

ERIC L. MORGAN, WESLEY F. PORAK, AND JOHN A. ARWAY

Highway construction activities in the southern Appalachian Mountains have
exposad geological formations that contain pyritic materials (Anakeesta for-
mation), and drainage from slope and fill has caused considerable change in
streams that receive these toxic leachates. These drainages, which mobilize
high levels of free acidity (low pH) and various toxic metals (aluminum,
copper, iron, manganese, and zinc), have destroyed aquatic ecological systems
in hes of tain of the Great Smoky Mountains National Park
and tributaries of Citico River and Tellico River drainages in the Cherokee Na-
tional Forest. In the North River drainage of the Tellico River, mitigation
procedures were initiated in 1977 by FHWA to seal exposed Anakeesta road
fill of the Tellico-Robbinsville Highway with soil blankets and temporary
sodium hydroxide (NaOH) neutralization. A study conducted to evaluate

the effectiveness of the controlling technologies used in meeting water-quality
objectives is described. Assays of fish population, in-stream fish bioassays, and
water-quality assessments were carried out in the watershed during 1978-1979,
Initial improvements in stream water quality and biological accommodations
occurred in mitigated streams during NaOH treatments and soil blanket instal-
lations. However, survivability tests and fish surveys revealed that rainbow
trout could not survive in acid streams 6 months after the soil blankets had
been installed. Depressed pH and elevated metal concentrations contributed
to fish mortalities in these streams.

The scenic Tellico-Robbinsville Highway traverses
ridges and peaks of the southern Appalachian Moun-
tains from Tellico Plains, Tennessee, to Santeetlah
Gap in the Nantahala National Forest in North Caro-
lina. In 1977 acid drainage originating from re-
cently constructed road-fill areas was contaminating
nearby trout streams in the Cherokee National Forest
(1). Highly mineralized rock material in the high-
way embankments was producing acid-toxic metal
leachates. Deleterious effects on aquatic biota oc-
curred in McNabb and Hemlock Creeks of the North
River watershed and Grassy Branch of the Citico
Creek drainage, which were draining the acidic road
£i11. This problem caused much concern because
these streams lie within the Tellico Wildlife Man-
agement Area, which is known for its good trout
fishing. Furthermore, much of the region had been
designated as a potential wilderness area (2).

In early 1978 FHWA began efforts to mitigate the

acid drainage problems. The objective of this study
was to evaluate the immediate and short-term effec-
tiveness of these measures on aquatic life in the
acid-leachate-mitigated streams. In meeting this
objective, assays of fish population and in-stream
toxicity and water-qguality assessments were carried
out from April 1978 to July 1979 in the North River
drainage basin.

BACKGROUND

Highway construction between Tellico Plains, Tennes-
see, and Robbinsville, North Carolina, began in
1965. More than a decade later, in 1977, acid
drainage from completed sections of the Tellico-
Robbinsville Highway altered water quality and re-
duced the abundance of trout in the adjoining North
River and Citico Creek watersheds (l). These water-
sheds 1i2 within the Tellico Wildlife Mapagement
Area, where streams have typically been soft water--
slightly acidic drainages supporting an excellent
sport fishery of stocked and native trout species.
The headwaters of streams affected by Anakeesta
leachates~-McNabb Creek, Hemlock Creek, and Grassy
Branch Creek--are adjacent to highway embankments.
These streams exhibited depressed pH values, in-
creased concentrations of sulfates, heavy (toxic)
metals, and acidity. Highway embankments containing
sulfide-rich pyritic units of the Anakeesta forma-
tion were believed to be the sources of acid drain-
age (1,3).

Neutralization of acid leachates in receiving
streams was begun in May 1978 and continued through
January 1979. An interim mitigation measure of so-
dium hydroxide (NaOH) additions was used. A 20 per-
cent solution of NaOH was gravity-metered into the
headwaters of affected streams in an attempt to
maintain a pH level of approximately 5.8 at the
mouths of these streams. Additional remedial ac-
tions taken to reduce leachate runoff included as-
phalt curbing, ditching, and surface drain installa-
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tions. A lime slurry (approximately 60 tons/acre)
was sprayed over selected embankments to reduce mi-
gration of acid salts into overlying soil layers to
be installed during permanent abatement measures (1).

More permanent mitigation involved sealing ex-
posed Anakeesta material in the road embankments
from surface water infiltration. This decreased
oxidation~acidification mechanisms and subsequent
leachate production. After the addition of lime,
approximately 0.6 m of topsoil was placed over ex-
posed rock and seeded with grass. A fiberglass rov-
ing layer and then a coating of tar were used to
cover the soil to help inhibit erosion. 8ilt barri-
ers were also placed below soil-covered embankments
to reduce inherent siltation problems. Permanent
surface sealing of selected embankments was com-
pleted by December 1978 (1).

METHODS AND MATERIALS

Hemlock and McNabb Creeks in the North River water-
shed of the Tellico Wildlife Management Area were
sampled for fish populations each quarter from April
1978 to July 1979 by using electrofishing tech-
niques. In conjunction with this assessment, ben-
thic macroinvertebrate communities were character—
ized monthly. Results of these assessments have
been summarized elsewhere (4-6).

Thirty hatchery-reared rainbow trout (Salmo
gairdneri) were used at each of 10 stations in
4-day, in-stream bioassays conducted simultaneocusly
with fish population studies to evaluate the suita-
bility of mitigated streams for sustaining fish
life. Routine water-guality measurements were taken
monthly on site at 13 stations during biological and
physical-chemical assessments, and water samples
collected from each were placed on ice and returned
to the laboratory for more detailed analysis (7).
Metal concentrations were analyzed by using atomic
absorption spectrophotometry.

RESULTS AND DISCUSSION

Studies of water quality and fish populations and
in-stream fish biocassays were carried out from April
29, 1978, through July 1, 1979, to evaluate the ef-
fectiveness of acid drainage abatement measures in
mitigated streams. The results were separated into
three sampling phases:

1. April 28 through May 6, 1978, the period be-
fore mitigation efforts by FHWA;

2. June through December 1978, designated the
mitigation period, during which acid-receiving
streams were affected by both NaOH additions and
soil blanket construction over exposed Anakeesta
road-£fill materials within stream watersheds; and

3. January through July 1979, designated the
postmitigation period (installation of road-fill
soil blankets and termination of NaOH treatments had
been completed before the beginning of this final
phase of study).

It should be emphasized that the designations
"mitigation period" and "postmitigation period" were
chosen for the sake of clarity in discussion. Be-
cause installations of soil blankets over exposed
Anakeesta road-fill materials were considered per-
manent measures, there was no definitive period of
mitigation.

WATER—QUALITY ANALYSIS
Physicochemical water-quality measurements were

taken on April 29 and May 6, 1978, at 13 North River
sampling stations before acid mitigation measures
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began. The results were similar to results obtained
by FHWA (1), given in Table 1: depressed pH and
alkalinity and increased water hardness and conduc-
tivity levels occurred in Anakeesta leachate-receiv-
ing streams. The pH varied from 4.0 to 4.8 in
McNabb and Hemlock Creeks, from 5.0 to 5.4 in North
River below these streams, and from 5.5 to 6.7 at
upstream reference stations. The highest acidity
values were recorded at affected stream stations,
but acidity values were variable; the Sugar Cove
reference site (station 1) showed higher acidity
(31.3 mg/L as CaC03) than stations 8, 10, and 11
(22.0 to 22.8 mg/L as CaCO3) in McNabb and Hemlock
Creeks. The ranges of dissolved oxygen levels (9.4
to 9.9 ppm) and water temperatures (10.5° to 11.,0°C)
in acid-receiving streams were comparable to those
for reference stations.

Analyses indicated that the water quality of
streams that received acid drainage was altered as
far downstream as station 13 on the North River,
just before its confluence with the Tellico River.
This station was located approximately 5.4 and 7.4
km downstream from the two sources of Anakeesta
leachates at the headwaters of Hemlock and McNabb
Creeks. Water-guality conditions in the North River
drainage during the fall of 1977 indicate that these
streams were being affected as far downstream as the
Tellico River, immediately below the North River (1).

Herricks and Cairns (8) state that the capacity
of a stream or river to assimilate acid mine
drainage (similar to the highway acid drainage in
the study) depends on several factors, most impor-
tant of which are stream flow (dilution capacity)
and total alkalinity (neutralization capacity). 1In
addition to the amount and mineralogical composition
of exposed Anakeesta in the highway embankments, the
intensity of the acid stress found in McNabb and
Hemlock Creeks might be attributed to a very limited
buffering capacity in these streams. North River
streams typically have low alkalinity, often less
than 5 mg/L as CaCOj3.

Dilution of the acid Anakeesta drainages in the
North River was thought to be the primary factor af-
fecting the concentration of the leachate materials
below McNabb and Hemlock Creeks. Maas (9) states
that the primary mechanism of recovery from Ana-
keesta pyrite-related stream contamination is dilu-
tion by unaffected side streams and groundwater.
Poorer water quality occurred at station 12 (which
was affected by both McNabb and Hemlock Creeks) than
at upstream station 9, which was immediately below
McNabb. Some improvement in water quality was ob-
served several kilometers downstream at station 13
in the North River.

Although dilution and neutralization mechanisms
undoubtedly play important roles in requlating con-
centrations of leachate materials, on the Tellico
River flow was observed to be an important requ-
lating factor in mobilizing aluminum. Specifically,
as the kinetic energy was reduced in the flow at or
near the isoelectric pH, aluminum complexes
precipitated as thick, whitish blankets covering
stream substrates.

Mitigation Period

Water samples were collected at 13 stream stations
from July through December 1978 during NaOH treat-
ments and soil blanket installations over exposed
Anakeesta road-fill areas. Improved water quality
at McNabb Creek sampling stations was reflected in
pH values, which ranged from 6.0 to 7.2 during addi-
tions of NaOH. These pH levels were comparable to
reference stream values. A reasonable improvement
was seen at Hemlock Creek sampling sites, which ex-
hibited pH values between 5.5 and 6.7. However, a



12

Transportation Research Record 948

Table 1. Premitigation summary of FHWA water-quality analyses at 14 stream sampling sites from August 15 through October 14,

1977.

Acidity, Alkalinity, and Hardness
(mg/L as CaCOj3)

Metals (mg/L)
Acidity to Total Total Conductivity
Sampling Size pH pH 8.3 Alkalinity Hardness (umhosfcm) Sulfate Aluminum Manganese Iron
McNabb
Headwater 3:7 386.0 0.2 728.0 1353 1070.0 64.00 34.80 2.69
Upstream 4.1 68.5 0.2 128.0 380 194.0 11.00 12.00 0.04
Station 8 47 244 0.2 56.6 305 75.0 3.50 1.95 0.04
Station 7 4.7 18.6 0.2 47.2 140 62.0 252 1.62 0.01
Hemlock
Headwater 3.9 82.0 0.0 - 1970 - 31.107 8.50% 0.07*
Upstream 33 37.0 0.2 65.0 270 94.0 7.00 5.60 0.03
Station 11 34 29.4 0.2 54.6 257 98.0 7.00 1.98 0.10
Station 10 3.5 25.3 0.2 49.0 220 72.0 3.74 1.70 0.26
North River
Station 6 6.3 2.8 8.6 8.6 24 2.0 0.33 0.01 0.18
Station 9 6.4 1.9 6.3 13.6 32 9.5 0.36 0.20 0.31
Station 12 6.1 1.9 5,2 16.5 41 14.1 0.33 0.26 0.17
Station 13 53 2.8 5.3 16.3 41 14.1 0.36 0.20 0.17
Tellico River
Upstream 6.1 2.8 4.6 11 1.6 0.40 0.02 0.09
Downstream 59 4.2 5.0 11.8 24 9.3 0.33 0.13 0.19

3yalues measured May 11, 1978.

paired t-test indicated that pH values at both sta-
tinne 10 and 11 on Hemlock Creek were significantly
lower (p < 0.01) than at all other stations except
station 4 on Laurel Branch, a reference stream. Al-
though mean pH at Laurel Branch was 0.1 to 0.3 pH
units lower than mean pH values at other reference
sites, no significant differences (p < 0.01) in pH
were found between any of the reference stream sta-
tions.

Laurel Branch could possibly have been receiving
low levels of Anakeesta leachates from the road cut
that terminated several hundred meters into the
watershed or from natural outcroppings of pyritic
material that might occur in the drainage. However,
the degree of acidity in Laurel Branch was minimal
regardless of hydrogen ion sources, and the biologi-
cal communities in this stream were characteristic
of clean-water reference systems throughout the en-
tire study period. The pH values in the North River
below acid-mitigated streams were similar to pH val-
ues at upstream North River stations.

Longitudinal pH profiles taken in mitigated
streams during NaOH treatments indicate that pH neu-
tralization (pH to 7.0) did not occur before a point
approximately 2 km downstream of the metering sta-
tions (3). Caustic pH values as high as 13 occurred
immediately below treatment stations. Thus, im-
provements in water quality observed at downstream
sampling stations were not expected in the head-
waters of McNabb and Hemlock Creeks due to exces-
sively high pH levels.

Total alkalinity values measured at the two Hem-
lock Creek sampling stations ranged from 0.1 to 7.0
mg/L as CaCOy during this period. Alkalinity val-
ues at these stream sites were significantly lower
(p < 0.01) than at all other stream stations ex-
cept station 4. At station 4 in Laurel Branch, al-
kalinity varied from 3.2 to 12.3 mg/L. These values
were not statistically different from those at other
reference stations, which ranged from 2.0 to 22.8
mg/L. Only minor differences were found between al-
kalinity levels for McNabb Creek and reference
stream stations.

Acidity was variable at all North River sampling
stations from September through December 1978, but
the highest acidity values were frequently found at
reference streams. Additions of NaOH from May

through December 1978 probably reduced the level of
acidity in receiving streams during these months by
reacting witn MilNEral baics uua &oids inm 2olotinn

Measurements of water hardness were also variable
from July through December 1978. The highest values
were typically found at mitigated stream stations
during this period, particularly in Hemlock Creek,
which exhibited the highest hardness levels. A peak
level of 70 mg/L (as CaCO3) was measured in
Hemlock Creek in December 1978.

Conductivity (ymhos/cm) remained high at all
mitigated stream stations, in comparison with refer-
ence streams, from May through December 1978, appar-
ently as a result of NaOH neutralization measures.
Conductivity (or specific conductance), which is a
measure of the total amount of ionized materials in
the water (10), is a sensitive indicator of Ana-
keesta leachate contamination in Tellico River
streams (1). Conductivity 1levels generally de-
creased downstream as a function of increased stream
flow and dilution in NaOH-treated streams.

The occurrence of dense precipitates was noted at
Hemlock Creek sampling stations from July through
December 1978. The yellowish-brown metallic precip-
itate was also present in McNabb Creek, and the
water in McNabb and Hemlock Creeks had a brownish
cast during the July 1981 sampling period. This
brown coloration was probably due to suspended me-
tallic precipitates. '

Wilmouth and Kennedy (11) point out that al-
though increasing pH can remove certain elements
(aluminum, iron, and manganese) from solution, many
flocs or precipitates that form, especially iron
precipitates, are 1lightweight and tend to remain
suspended rather than settle to the bottom. This
mobilization appears to be a function of available
alkalinity and flow characteristics. The water in
Hemlock Creek also had a murky-white coloration dur-
ing later samplings, particularly during August and
December 1978. Because FHWA water-quality data
showed relatively high aluminum concentrations at
the mouth of Hemlock Creek, where confluent flow dy-
namics become altered, the whitish color may have
been at least partly due to aluminum hydroxide sus-
pension.

In December,
and reference sites showed little variation;

manganese levels for McNabb Creek
how-
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ever, concentrations in Hemlock Creek approached
0.45 mg/L, which was comparatively high. The
aluminum concentration in McNabb Creek was 0.30
mg/L. It reached 1.90 mg/L at the upstream site on
Hemlock and 0.65 mg/L at the downstream station
during the month of December. Iron and copper
concentrations were consistently 1low at all 13
stream stations. Elevated concentrations of zinc
were found in affected streams, the highest value
being 0.45 mg/L at the mouth of Hemlock Creek in
December 1978.

Metal concentrations (as well as other water-
quality parameters) measured by FHWA (12) at the
headwaters of McNabb and Hemlock Creeks (above NaOH
metering stations) appeared to be directly related
to the amount of monthly rainfall. This relation-
ship was most noticeable in December 1978 after a
sharp increase in precipitation. Monthly precipita-
tion increased from 7.3 cm in November to 15.7 cm in
December 1978. An increase in acid-toxic metal con-
tamination at the headwaters of McNabb and Hemlock
Creeks in December was evident from water-quality
data collected by FHWA. For example, from November
to December 1978 at the headwater site on McNabb
Creek, the aluminum concentration increased from
0.07 to 17.80 mg/L, manganese increased from 2.20 to
15.50 mg/L, and iron increased from 0.09 to 2.02
mg/L (12).

There appeared to be no correlation between fluc-
tuations in water-quality parameters at the head-
waters of McNabb and Hemlock Creeks and changes that
occurred at the respective mouths of these two
streams from May through December 1978 (12). Varia-
bility in metal concentrations, pH, and other water-
quality parameters at the mouths of these two acid-
mitigated streams was probably due to changes in
stream discharge and the effectiveness of the NaOH
treatment at any given time. FHWA water-quality
data (12) showed the following metal concentrations
at the headwaters and downstream sites of McNabb and
Hemlock Creeks:

Site Metal Range (mg/L)

Headwaters Aluminum 0.10-31.10
Manganese 2,20-23.80
Iron 0.01-9.90

Downstream Aluminum 0.05-0.83
Manganese 0.01-0.54
Iron 0.01-0.90

Water-guality analyses during the mitigation pe-
riod from May through December 1978 showed that NaOH
stream neutralization measures improved water qual-
ity in downstream areas of McNabb and Hemlock Creeks
by increasing the pH and precipitating potentially
toxic metals. The effectiveness of NaOH additions
varied somewhat for different months. This was
probably due to fluctuations in stream flow and
problems encountered with NaOH metering during the
first few months of treatment. The physicochemical
water quality of Hemlock Creek improved less than
that of McNabb Creek and remained degraded in com-
parison with that of reference streams.

Postmitigation Period

A considerable change in the water quality of
treated streams occurred after the termination of
NaOH treatments in January 1979 and the completion
of permanent soil blankets over exposed Anakeesta
road-£fill materials. The lack of buffering capacity
in McNabb and Hemlock Creeks was reflected in the
alkalinity values from January through March 1979,
which were often measured as negative values (see
Table 2). The pH fluctuated between 4.6 and 5.9 in
McNabb and Hemlock Creeks during this period, and
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the values were usually from 1 to 2 pH units lower
than at reference stations.

Because a decrease of 1 pH unit represents a ten-
fold increase in hydrogen ion concentration, these
differences are substantial. Paired t-tests indicated
that pH and total alkalinity values in McNabb and
Hemlock Creeks were significantly lower (p < 0.01)
than values obtained from reference streams. Values
of pH at affected North River stream stations were
consistently lower than those at upstream ref-
erence sites, but the pH was usually above 6.0. The
pH of Laurel Branch was significantly lower (p <
0.01) than that of other reference streams that had
similar pH and alkalinity levels.

Acidity, water hardness, and conductivity values
were greater for streams receiving Anakeesta leach-
ate than at upstream reference stations from January
through March 1979 (Table 2). Although acidity val-
ues were greatest in McNabb and Hemlock Creeks dur-
ing this period, the difference between affected and
control streams varied for different sampling
dates. Conductivity and water hardness were con-
sistently high in leachate-receiving streams, and
values obtained from McNabb and Hemlock Creeks were
significantly greater (p < 0.01) than values ob-
tained at reference stations.

Elevated concentrations of aluminum, manganese,
and zinc occurred in the acid-receiving streams from
March through June 1979 (Tables 2 and 3). Except
for the February samples, levels of iron were usu-
ally low at all sampling stations. Differences in
iron concentrations between reference and acid-
affected stations varied for different sampling
dates. No detectable levels of copper were measured
from stream samples collected in April 1979. Con-
centrations of aluminum and manganese in McNabb and
Hemlock Creeks ranged from 0.10 to 1.98 mg/L for
aluminum and 0.09 to 0.54 mg/L for manganese during
this period.

Poorer water quality in the mitigated streams
revealed that acid-toxic metal leachates from py-
ritic Anakeesta road-fill materials continued to
enter McNabb and Hemlock Creeks even after the soil
blankets had been installed. Seasonal increases in
rainfall during this period probably affected stream
acid-metal leachate concentrations through the fol-
lowing mechanisms:

1. Increased flushing of pyritic oxidation prod-
ucts from the road embankments and sediment traps
[during dry periods or periods of light rainfall,
pyritic materials oxidize and hydrolyze to produce
large quantities of acid and sulfate compounds that
may be flushed off in a slug discharge during high-
intensity storms (8)1];

2, Increased dilution of the acid-toxic metal
leachates due to increased stream discharge; and

3. Metallic precipitates that had settled on
stream bottoms during NaOH treatments and were prob-
ably resuspended during scouring associated with
high flow in these steeply sloped mountain streams.

Leaching of the pyritic Anakeesta material during
this period could also have been affected by in-
creasing pyritic oxidation rates associated with
rising temperatures, high infiltration rates, and
little vegetative covering (such as in winter and
early spring) (8).

Additional time may be required for embankment
stabilization and sealing processes (for example,
established vegetative cover) to occur in mitigated
Anakeesta road-fill areas of the Tellico-Robbins-
ville Highway. Further improvements in water qual-
ity can be anticipated after residual metal floc ac-
cumulations in the stream are flushed out.
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Table 2. Water-quality parameters of North River drainages determined monthly from April 1978 through March 1979.

McNabb Creek

Hemlock Creek

Premitigation Mitigation Postmitigation  Premitigation Mitigation Postmitigation
Item (4/5/78) (7/12/78) (1/3/79) (4/5/78) (7/12/78) (1/3/79)
pH
Mean 4.8 6.4 4.8 4.6 5.7 4.9
Range 6.2-7.2 4.6-5.1 5.56.2 4.7-5.0
Conductivity (umhosfcm)
Mean 60 88 66 58 91 61
Range 58-135 52-80 57-140 51-70
Acidity (mg/L as CaCOj3)
Mean 19.8 8.1 13.0 22.8 10.2 12.0
Range 1.3-16.0 10.0-18.0 0.8-19.9 8.0-17.0
Alkalinity (mg/L as CaCO3)
Mean 2.0 7.3 -0.2 2.4 2.5 0
Range 4.0-11.4 -0.50.3 -0.14.6 -0.10
Hardness (mg/L as CaCO3)
Mean 26 20 24 24 19 25
Range 10-30 12-32 11-30 24-28
Selected metals (mg/L)
Aluminum
Mean 0.2% 1.4 1.1# 1.8
Range 0.20.3 0.9-1.7 0.3-1.9 1.72.0
Manganese
Mean 022 0.5 0.8° 0.3
Range 0.10.3 0.4-0.5 0.2-0.5 0.20.4
Iron
Mean 0.1% 0.2 0.1° 0.2
Range 0-0.1 0-0.4 0.1-0.2 0.1-0.3

Badaccyiond Manmmbos Nanamhar 1078

Table 3. Means and ranges of toxic metal concentration measured at 13 sampling stations in North River drainage from

December 2, 1978, through June 28, 1979.

Metal Concentration (mg/L)

Aluminum Manganese Iron Zinc
Sampling
Stream Station Mean  Range Mean  Range Mean  Range Mean Range
Reference 1 0.06 ND-0.21 0.05 ND-0.25 0.05 ND-0.19 0.01 ND-0.07
2 0.11 ND-0.31 0.04 ND-0.25 0.09 0.01-0.35 0.02 ND-0.10
3 0.07 ND-0.25 0.06 ND-0.25 0.20 ND-1.40 0.02 ND-0.12
4 0.11 ND-0.37 0.09 ND-0.40 0.07 ND-0.25 0.03 ND-0.12
5 0.09 0.01-0.27 0.05 ND-0.25 0.11 0.03-0.40 0.02 ND-0.09
6° 0.13 0.020.33 0.10 ND-0.44 0.13 0.03-0.34 0.04 ND-0.18
McNabb Creek 7 0.73 0.27-1.55 0.31 0.01-0.48 0.12 0.04-0.55 0.14 0.030.39
8 0.80 0.17-1.67 0.35 0.06-0.54 0.08 0.01-0.40 0.09 ND-0.24
gb 0.18 0.06-0.31 0.07 0.03-0.24 0.12 0.05-0.35 0.05 0.01-0.18
Hemlock Creek 10 0.56 0.10-1.35 0.25 0.09-0.44 0.14 0.02-0.60 0.16 0.02-0.48
11 1.07 0.25-1.98 0.31 0.21-0.54 0.12 ND-0.33 0.17 0.03-0.32
12°¢ 0.27 0.05-0.70 0.11 0.04-0.24 0.11 0.05-0.21 0.08 ND-0.32
North River 13 0.16 0.020.45 0.08 0.03-0.24 0.11 0.04-0.21 0.06 ND-0.22
(recovery)

ANorth River above McNabb confluence.

FISH ASSESSMENT

Fish could not tolerate conditions in the streams
that received Anakeesta drainages from the road-fill
areas. Unpublished surveys by the U.S. Forest Ser-
vice from June 6 through August 17, 1977, revealed
that there were no fish in McNabb and Hemlock
Creeks. North River fish populations were also de-
pressed below the mouth of McNabb Creek in compari-
son with upstream sampling sites.

In later April 1978, before mitigation was initi-
ated, a 4-day in-stream bioassay on rainbow trout
was carried out in streams of North River drainage.
At stations located at the mouths of McNabb and Hem-
lock Creeks, all test fish died after less than 24
hr of exposure. Although no rainbow trout died in
the North River below McNabb Creek (station 9), 35
percent mortality was observed after 24-hr exposure

l’North River below McNabb confluence, °North River below Hemlock confluence.

at station 12 downstream of Hemlock Creek. Only 2
out of 80 rainbow trout died at reference stations
during the test. Heavy rainfall (2.9 cm) that oc-
curred during the 4-day biocassay may have flushed
high levels of acid and toxic metal compounds into
receiving streams. Acid drainage slugs caused by
heavy or extended rainfall are a common occurrence
in acid-mine drainages (8).

Although the acutely toxic conditions in McNabb
and Hemlock Creeks were probably due to a combina-
tion of water-quality factors, low pH probably con-
tributed to the death of fish during the in-stream
bioassays. Specifically, the pH was 4.4 and 4.0 at
the mouths of McNabb and Hemlock Creeks on the first
day of the test (April 29, 1978). A pH of 3.7 was
measured at the mouths of both streams by FHWA on
May 3, 1978, the last day of the experiment (12).
Most laboratory data show that a pH level below 5.0
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is lethal to fish (13). An extensive survey of
Pennsylvania streams polluted by acid-mine drainage
showed that no fish were present in waters where the
pPH was below 4.5 (14). Although there are data that
indicate that some fish can survive a pH as low as
4.0, the productivity of aquatic ecosystems is con-
siderably reduced below a pH of 5.0 (13). For ex-
ample, Menendez (15) reported that in laboratory
tests sublethal pH levels (below 6.5) reduced egg
hatchability and the growth of young brook trout.

Toxic metals evidently contributed to the 1lethal
effects on rainbow trout in streams receiving BAna-
keesta drainage. As discussed earlier in the water-
quality analysis, elevated concentrations of alumi-
num, manganese, and zinc (in comparison with control
streams) were found in McNabb and Hemlock Creeks
during the study period. Many fish examined during
the quarterly in-stream bioassays showed obvious
signs of gill hyperplasia (a swollen, congested con-
dition). Toxic metal poisoning at acute levels has
been shown to cause this symptom (16-19).

Aluminum (17,20,21) and zinc (16,18,19) have been
found to be lethal to fish at rather low concentra-
tions, particularly in poorly buffered soft waters.
Freeman and Everhart (17) suggest that the safe con-
centration of either dissolved or suspended aluminum
for rainbow trout is well below 0.5 mg/L. Chapman
(16) has listed the results of toxicity tests in
which lethal zinc concentrations for rainbow trout
ranged from 0.24 mg/L (at a pH of 7.2) to 0.85 mg/L
(at a pH of 7.1). McKee and Wolf (22) suggest that
1 mg/L of ionic manganese has no deleterious effects
on fish. However, the toxicity of manganese (as
well as other metals) varies for different species
of fish., Aluminum and manganese concentrations mea-
sured by FHWA in McNabb and Hemlock Creeks in August
1977 (before mitigation began) greatly exceeded
levels reported to be toxic to fish (Table 1).

The toxicity of aqueous metals to fish is modi-
fied by many water-quality factors, including water
hardness, dissolved oxygen, temperature, pH, and the
presence of other metals (16). Although metals are
generally more toxic to fish in soft water (which is
characteristic of streams in the study area), the
toxic nature of metals will vary greatly under dif-
ferent water~-quality conditions, particularly che-
lating organic substances.

Mitigation Period

Mitigated streams showed a general improvement in
physicochemical water quality during the period when
NaOH neutralization measures were used (Table 2).
The positive trends were supported by results of in-
stream bioassays done during August and December
1978. Rainbow trout mortalities ranged from 0 to 45
percent after 96 hr of exposure at mitigated sites
in August 1978, whereas before mitigation there had
been a 100 percent mortality rate within 24 hr.
Losses occurred at all stations during the RAugust
test, which suggests that the trout had been under
stress before testing. Stress due to handling and
temperature was apparent while the fish were being
transported to study sites during the hot summer
conditions. Insufficient acclimation to stream
waters may also have contributed to fish mortality
in August. Because high mortality (85 percent) was
observed at station 6 (a reference station), it is
unreasonable to assume that the 45 percent fish mor-
tality in Hemlock Creek was due solely to 1lethal
water—quality conditions.

Only one rainbow trout died at station 7 in Hem-
lock Creek during the December 1978 biloassay, and no
fish died in the other acid-receiving streams during
that month's tests. The 89 percent loss observed
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after 96 hr at station 5 in the North River (a ref-
erence station) could only be explained by poor po-
sitioning of the test chambers within the stream be-
cause no fish mortalities were observed at the other
reference sites.

Fish population samples collected in August and
December 1978 substantiated these results, revealing
a subtle migration of rainbow trout and creek chubs
back into the lower reaches of McNabb and Hemlock
Creeks. Schools of small fish (possibly creek
chubs) were also seen near the mouths of these miti-
gated streams during invertebrate sampling in Aug-
ust, September, and November 1978, Good populations
of rainbow trout were found in reference streams
during the quantitative fish collections. Blacknose
dace, creek chub, and northern hog sucker were also
taken from reference sites on Laurel Branch. Brook
trout was the only additional species found in each
of the Sugar Cove samples in August and December
1978. Although the number of fish collected in
McNabb and Hemlock Creeks was low compared with ref-
erence streams, these results indicated that fish
were moving back into mitigated drainages.

Because of excessively high pH 1levels in the
headwaters of McNabb and Hemlock Creeks (below NaOH
treatment stations), biological accommodations seen
at downstream stations during this period were not
expected in upstream areas of these NaOH-mitigated
streams. Laboratory data have revealed that a pH
range of 9 to 10 was harmful to some species of fish
and a pH greater than 10 was lethal to all other
test species (13). Witschi and Ziebell (23) also
reported that a pH of 9.5 to 10.0 was acutely lethal
to rainbow trout that had been acclimated to a pH of
7.2. Thus, it is reasonable to assume that fish
could not tolerate the high pH conditions in the
upper reaches of McNabb and Hemlock Creeks during
the NaOH additions.

Postmitigation Period

After the completion of more permanent surface seal-
ing of road embankments and the subsequent termina-
tion of NaOH treatments in January 1979, the physi-
cochemical water quality of mitigated streams
degraded in comparison with that of reference
streams. In-stream bioassays were done in March and
June 1979 to evaluate the initial effectiveness of
permanent mitigation measures. In these 96-hr
tests, acutely lethal conditions (100 percent fish
mortalities) were observed at downstream sites on
McNabb and Hemlock Creeks. Only a few rainbow trout
died at reference and North River stations down-
stream of the mitigated streams in both the March
and June 1979 studies. During these test periods,
no fish were collected by electrofishing on McNabb
and Hemlock Creeks. Quantitative fish samples col-
lected from reference streams in March and June 1979
were comparable to those collected in earlier sam-
pling efforts.

The pH ranged from 4.6 to 5.6 at McNabb and Hem-
lock Creek sampling stations from January through
June 1979. Concentrations of manganese and aluminum
approached 0.6 and 2.0 mg/L, respectively, in these
streams. These studies reveal that toxic materials
were still entering streams 6 months after comple-
tion of the highway embankment soil blankets. Rain-
bow trout and other native species of fish could not
survive mitigated stream conditions where there was
a toxic combination of substances. As suggested
earlier in the discussion of water quality, an im-
provement in stream water gquality may be expected
over time once embankment stabilization occurs in
the mitigated road-fill areas of the Tellico-Rob-
binsville Highway.
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