EVALUATION OF WATER QUALITY TRENDS
SHENANDOAH RIVER, VIRGINIA

FRONT ROYAL TO BERRYVILLE

JCHN W BAUMEISTER

TECHNICAL REPORT 2

U.S. DEPT. OF THE INTERIOR
FEDERAL WATER POLLUTION CONTROL ADMIN

MIDDLE ATLANTIC REGION
918 EMMET STREET
CHARLOTTESVILLE VIRGINIA

DECEMBER 1968



£
=
w3

3

TABLE OF CONT

ACknOWledgementS D b8 P PLOSO00H®D2O00SRSEBELEIELLISSOEEES S

IntrOGUCtiOD ¢ P 260 PEOFD00000606080G822ElNIESIEFTCOOELOETOECES

s
Uummaly 2 B O LS L BEE G PN REDGCOLS OSSO L SIS HE e ISR eGSR

water Quality S 8 3 6 & T O 8 OO H DO O L ET S SN ee I EEEEa DS PSSR
Eutrophication and Phytoplankton ..sseseveevonscsss

Bottom Fauna # 9 6 8 006000 %S B 00 CEEDOLSIIENSPELLEO S0 HE

CODCIUSicnS 4386266 H SR ENA0NGOL &SNS ELGEsELHEEOE0Q0RE0 00 E R

Bibliography e N e 0 SPEIOO0CEPE2ODSG0dBEL LR POLESCE6S N DD

Appendix-Tables PR BN R IR B B AN BN AN IR AR I AN L I N RN RN RN NERSEE RN

| o

L3

+

[y

11

12

15



ACKNOWLEDGEMENTS

The author is deeply indebted to Mr. Eugene W. Surber,
Virginia Commission of Game and Inland Fisheries, who graciously
supplied long-termed bottoem fauna data which were invaluable in
showing eutrophication trends in the Shenandcah River. DBoitom
fauna information provided by Mr. John H. Tacketi, Virginia State
Water Control Board was also very useful in thiz evaivation.

Grateful acknowledgement is expressed to HMr. Lowell B,
Keup, Technical adviscry and Investigations Branch of the Federal
Water Pollution Clontrol Administration, Cincinnat:, for his

helpful suggestions in editing this Report.



I. INTRODUCTION

The U, 3. Army Jorps of Engineers Western Virginia Area Office
nesr derryville, Virginia, obtains its water supply from the Shenandoah
River. 1In recent years, Jorns officials have expressed concern with
increased pollution and the vresence of certain planktonic organisms
found in untreated river water and problems assoclated with removing
them in water purification systems. In anticipation of a potential
need to alter water treatment facilities, Corps of Engineers officials,

by letter dated May

O

, 1968, requested the Middle Atlantic Region,
Federal Water Pollution Contrel Administration, to determine pollution
trends in the River.

This Report contains the findings of our evaluation of water
guality trends in the 3henandoah River. The vhysical, chemical and
biological infermation investigated was obtained from several sources.
These include data collscted at the Federal Water Pcllution Control
Administration Water Poiirtion Surveillsnce System Station at the
Corps of Zngineers facil:ty. information in reports published by the
U. 5. Fish and wildiife 3Jervice, Virginia Commission of Game and

Inland Fisheries, and the Virginia 3tate Water Control Board.



11. SUMMARY

The lower Shenandoah River has had a long history of pollution
problems, dating back to 1940 when toxic industrial wastes discharged
in the stream all but decimated aquatic 1ife downstream from Front
Royal. Subsequent abatement ¢f this pollution resulited in the re-
covery of the River; however, increased discharges of crganic wastes
and runoff from agricultural lands have caused significant nutrient
enrichment.

Physical and chemical data collected at the Derryville
Surveillance Station were evaluated to determine pollutisn and
eutrophication trends in the main stem downsiream from {rent Royal.
It was found that the chemica! quality was within the raw water
criteria established for public water supplies; however, total phos=
phorus and nitrogen content of river water was sufficiently high
to indicate a fertile stream capable of produn:ing abundant aguatic
OTgarilsms .

Dutrophicatior wrends are alseo borne ~uwt ny roclogical data
coliected near Berryviils, Thirteen years of totiom samples collected
over a 30-year pericd in this reach show a gradus! ircrease in the
productivity of aguatic invertebrates. For the mosth pari, these
samples were comprised of clean water and facv.ta:.ve forms which
indicate the presence of relatively clean water.

One of the most significant indicators ¢of organic enrichment
in the lower Shenandoah River are the changes 1n phytsplankton popu-
lations from 1962 through 1965. Phytoplankicn rnumbers and population

composition during this period indicate a change from a diatom dominated



population to one dominated by green algae. Although several species
of nuisance algae were found in Berryville sampies, at no time were
they present in quantities sufficient to cause water treatment

problems.,



IT1I. WATZR QUALITY

The 3henandoah River criginates in the rcuntains of Northern

>

u

Virginia, the licrth @ork in the illegheny Veountaing and the South
Fork in the 2lue Ridge (Tigure 1). Rach fork flows arproxirately
150 miles through fertile limestone valleys to front Hoyal, Yirginia,
From Front Royal, tre main stem flows north abs~uil 50 miles befere
entering the Poromac at Harvers Ferry, West Taryinia. The forps of
Engineers' raw water intake is located on the main ster appreximately
30 miles downstream from Front Hoyal nsar the Town of Jerryville,
Virginia.

Recent investigations of the Shenardosh River systenm
(Tackett, 1962, 63; Surber, 1964, 65, 66} indicated that the North
and South Forks are relatzively free from the sericus effects of
water quality degradsiion. At Front Royal, the South Fork receives
treated organic and cherjcal wastes from a synthetic fibers company,
untreated organic waztes Mrom a frait sacking company, and sewage
which has urdergome primary treatment from the Ciny <7 Frani Royal,

In order Lo determine the effects of this roliuvtion on

water quality n the lowsr Shenandcah River, an araiyvsis was made of

water quality data colizried at the FWPCA water Pellution Surveillance

Station locazned at the “ores of Engimeer§ water gurrly intake near
Rer:tf':y“vﬂ!le.,i\L These dsla were compared to ithe raw waier stardards for
public water supplies and ¢riteria required to maintsin a favorable
environment for fish and ~ther aguatic life developed by the National

o
i

Technical Adwviscry Commitige on Water Quality Tr.oteria,

i . . ey N . . .
’ Unputlished STOHZT data, FWPTA Surveillance Station Fo. S10087.
Shenandeah Hiver at Zerryville, Vieginia.
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Based on our analysis of composite samples collected at
Berryville between 1962 and 1967, the chemical constituents of
Shenandoah River water were within the raw water criteria estab-
lished for public water supplies. However, wastes discharged into
the River at Front Royal have had an adverse affect on water quality
and aquatic life immediately downstream from the source. These
wastes and runoff from agricultural lands are aiso important sources

of nutrients which influsnce chytoplankton growth in the lower river.

Eutrophication and Fhyloplankton

Eutrophication is a term that is commonly used today to mean
the nutrient enrichment of waters by man-created or natural means.
Urban and indusirial growth have ccombined to incresse the fertili-
zation of lakes and streams through the discharge of nutrients in
various forms. HNutrient enrichment has resulted in aguatic weed and
algal nuisances in areas where before this did not exist. One of
the major problems associaled with excessive growths of aguatic
vegetation is the interfsrence which these orgarisss have iu the
treatment of a potabie waler supply. Many forms of slgae have been

known to impart undesirable tastes and odors 1o drinking water, while

n

others have clogged filters in waler treai=ent nlsnts

i

N

Within the past two decades, there has been a significant
increase in the f{rejuency of plarkten blocms in the Thenandoah River.
Surber (196L) noted the difficuliy in counting smallmouth bass nests
downstream from Front Royal because of a phytoplankton bloom which
had occurred and indicated that "blooms" were not known to have

occurred prior to 1950.
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aestablished as a guideline for indicating normal conditions.

Three years of nitrogen and phosphorus data were available
for analysis from the FWPCA Surveillance Station, MNuirient concen-
trations in the lower Shenandoah River during the period 1965-1967
were high with total phosphorus ranging from 0.0l and 0.38 mg/l.
During this period, the 0.10 mg/l guideline was exceeded five times
(22% of samples taken), indicating fertile conditions favoring
dense plankton blooms. lLevels of total nitrogen averaged 1.4 mg/l
and ranged from less thar 0.1 mg/1 to L.3 mg/l. Tnorganic nitrogen
compounds were also found at high concentrations adding to the
overall fertility of the stream. In addition, fertile conditions
were exemplified by the nitrogen-phosphorus ratis which exceeded
the 10:1 guideline in 83% of samples taken with a high of 108-1
recorded on May 3, 1557,

Perhaps one of the most striking indications of sutrophi-
cation in the Jower Shenandoah River is the promounced change which
has accurred in the compogition of the plankton povulatior. Accord-
ing to the National Technical Advisory Committee on water Juality
Criteria, conditions indicative of organic enrichment irclude a
change from a diatom-dominated plankiton population to one doni-
nated by blue-green and/or green algae, associated with increases
in amcunts and changes in relative abundance of nuirients, Flankton
samples collected at Berryville during the period 1962-1G66%5 show
a significant increase in green algae with a corresponding decline
in diatoms (Figure 2). Although the water was not analyzed for

nitrogen and phosphorus content during this veried, this shift in



plankton population supports the conclusion that eutrophication has
taken place in the lower Shenandoah River.

Algae samples were also evaluated to determine the prssence
of species known to cavse problems in water treatment and if con-
centrations were sufficient to warrant concern. Several algal forms
were found that have been known to clog filters in water treatment
plants, including the diatoms synedra, navicula, nitzschia and
others. However, at no time were ths numbers of these organisms

sufficient to result in serious filter clogging problems.

Bottom Fauna

In considering biological conditions within a flowing stream,
the quantity and species composition of the bottom organism community
can be indicative of water quality. Because the life histories of
many bottom aquatic invertebrates are one year or longer and because
these organisms are relatively immobile, they are invaluable indi-
cators of long-term water quality conditions. For example, pollution
of organic wastes may fertilize a stream to the point at which
certain kinds of bottom animals become very abundant. Conversely,
the continuous exposure of bottom animale to toxic chemicals can
cause complete mortalitf. It is possible to classify bottom animals
as to their sensitivity to pollution, tolerance of it, or somewhere
in between (facultative). 1In graphs found in this report, the
bottom animals have been designated as pollution tolerant, facul-
tative or able to adapt to mildly polluted conditions, and sensitive
forms which are intolerant of pollution.
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The number of bottom organisms collected in the Shenandoah
River below Front Royal has varied considerably during the period
1936-1967. In the early 1940's, highly toxic industrial wastes
containing high concentrations of zinc were discharged into the
River at Front Royal and all but decimated bottom fauna and fish
populations downstream from the pollution source (Figure 3).
Implementation of improved waste treatment facilities in the late
1540's produced improved water quality and subsequent return of
large numbers of invertebrate bottom animals. Comparing the number
of organisms per square foot of bottom collected in 1948 to numbers
in 1965, shows a signiticant increase in bottom fauna downstream
from the main source of pollution (Figure L). Although part of
this increase can be related to removal of toxic wastes from the
stream, the primary reason for the éubstantial upsurge in nunbers
can be attributed to organic enrichment or eutrophication, which
provides increased quantities of fcod for these animals,

Recent. bottom fauna studies of the Shenandoah Rivei'
system indicate that the North Fork of the Shenandoah is rela-
tively free from the serious effects of water quality degradation.
The South Fork is also characterized by good water quality through-
“out most of its length except at Front Royal where it receives
industrial and domestic wastes.

While conducting field inve«tigations of the Shenandoah
River, Tackett (1963) found that the South Fork immediately down-
stream from Front Royal was badly polluted with organic wastes and

contained dense growths of Sphaerotilus, a filamentous bacteria
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characteristic of exceptionally poor water quality. Consequently,
this sector of the River was practically devoid of bottom-dwelling
invertebrates.

| Pollution entering the South Fork at Front Royal has also
influenced water quality and the aquatic biota in the Main Stem
downsiream from the confluence. In recent years, this reach of the
River has experienced several fish kills, some of which resulted
from dissolved oxygen deficiencies during low flbw periods. However,
the cause of some of the larger fish kills has remained unsolved,
which has led to continuing biological investigations in the River
downstream from Front Royal. Adverse water quality conditions are
also demonstrated by the bottom samples taken at Morgan Ford, ten
miles downstream from Front Royal. Review of data from this station
indicates a bottom community comprised of more pollution-tolerant
forms and fewer sensitive species than were collected at stations
located upstream from the pollution source (Figure 5). However,

_ the increase in clean water bottom fauna collected at Berryville
shows that the stream has almost totally recovered from the very
poor water quality conditions found upstream. Surber, (1966) in
analyzing the results of bottom sampling concluded (1) the North
and South Forks remain rich in fauna and apparént;ly unaffected by
pollution, (2) pollution adversely affects the bottom fauna of the

" Main Stem of the Shenandoah River for at least half its length in

Virginia.
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Iv, CONCLUSTONS

Biulogical and‘ chemical water quality data can be summarized
as follows:

(1) Comstituents of river water at Berryville were within
the raw water criteria established for public water supplies.

(2) Treated organic and inorganic wastes discharged into
the South Fork at Front Royal have an adverse affect on bottom
fauna in immediate downstream resaches.

(3) As the River recovers from this pollution, the en-
vironmental response is an increase in mumbers of bottom fauna
near Berryville.

(L) Phosphorus and nitrogen concentration in water samples
taken at Berryville are sufficient to cause phytonlankton blooms.

(5) Changes in phytoplankton populations from one pre-
dominantly diatoms to a porulation of predominantly green algae are
indicative of organic enrichment in the lower Shenandoah River.

(6) Phytoplankton nurmbers have not increased tc the point
where they could cause serious problems in the treatment of potable

water.

a
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TABIE 1. SELECTED WATER CHEMISTRY DATA. 1/
SHENANDOAH RIVER NEAR BERRYVILIE, VIRGINIA =

D.0. Alkalinity Hardness Sulfates

Date mg/. pH mg/1 mg/1 mg/l
10/2L/62 8.6 7.8 156 192 N
1/23/63 13.3 7.6 92 128 31
L/3/63 9.2 8.3 104 12l 26
7/2L/63 .- 8.L 120 160 90
10/16/63 8.1 8.3 1hk 196 150
1/22/64 - 8.4 7L %0 34
L/22/64 9.2 8.2 76 90 38
7/29/6L 7.h 8.8 120 172 138
10/1L/6h we 8.3 140 200 150
1/20/65 - 8.4 88 124 57
L/21/65 - 8.2 76 165 39
7/28/65 - 8.4 11k 180 70
10/12/66 - 8.3 97 109 L1
1/18/67 - 8.5 81 7] L3
5/2L/67 -~ 8.4 80 86 3l
7/12/67 - 8.7 97 126 86
10/L/67 - 8.1 131 155 50
1/

- STORET data. FWPCA Surveillance Station No., 510087. Shenandoah
River at Berryville, Virginia.



TABIE 2. NITROGEN AND PHOSPHORUS CONCENTRATIONS IN THE
SHENANDOAH RIVER NEAR BERRYVILLE, VIRGINIA,
1965-1967. 1/

(A1l values in milligrams per liter)

Ammonia N Nitrate N

Total + *
Date Phosphorus Organic N Nitrate N
1/6/65 0.05 0.5 0.7
2/3/65 0,02 - = 0.6
3/3/65 0.38 0.3 0.7
L/7/65 0.05 - o 0.6
5/5/65 0.02 - = 0.4
17/1/65 0,05 2.8 =
9/8/65 0.06 0.9 - =
10/6/65 0,03 0.8 S
11/3/65 0,01 0,2 0.1
1/5/66 0.02 - - 1.k
3/9/66 0.06 C.7 - =
L/6/66 - - 1.3 0.5
5/1/66 0.15 1.0 C.8
6/8/66 0,05 - 0.l
7/6/66 0.07 1.3 = -
8/3/66 0.1k 2.2 - -
9/7/66 0.08 - = 0,2
1G/5/66 0,12 C.9 1.k
11/2/66 0,04 0.2 0.8
12/7/66 - = - = 0.8
1/7/67 0.03 0.2 1.0
2/8/67 - = 0.3 1.0
5/3/67 0.0k Ik 0.9
7/5/67 0,2 0.6 0.3
9/6/67 0.0l 0.6 0.7
1/

STORET data. FWPCA Surveillance Station No. 510087.
Shenandoah River at Berryville, Virginia.



TABIE 3.

Date of Sample

1/3/62
L/3/62
7/6/62
10/3/62
1/9/63
L/3/63
6/19/63
10/9/63
1/22/64
L/8/6l
1/22/64
10/7/64
1/6/65
L/7/65
7/1/65
9/8/65

1/

STORET Data, FWPCA Surveillance

PHYTOPLANKTON POPULATION OF THE SHENANDOAH RIVE
NEAR BERRYVILLE, VIRGINIA FOR SELECTED DATES. 1

Blue~-Green Green
s 20

0 210
6,960 9,620
230 1,350

0 0

Lo 70
1,010 17,390
430 5,400
20 180
160 660

o 33,680

0 3,240

0 180

0 580

0 50,220

0 15,560

River at Berryville, Virginia,

(Number per milliliter)

Flagellated
(Pigmented) Diatoms Total
20 110 200
1,260 32,000 33,500
4O 28,700 115,300
0 2,840 L, 14L0O
20 1,010 1,000
90 LLO 600
130 1,220 22,700
50 2,160 8,000
0 2,710 2,900
1,230 6,650 8,700
L10 8,140 42,200
160 860 1,300
20 1,040 1,200
160 1,880 2,600
180 3,460 53,900
220 1,890 17,700

Station No. 510087, Shenandoah



TABLE L, PERCENTAGE OF VARIOUS TOLERANCE FORMS

OF BOTTOM ANIMALS, SHENANDOAW RTVER 196L-1966 L/, 2/ .2

3/

STATION YEAR EQLERANT FAGULTATI%@ SENSITIVE
33 Miles Upstream 196k 13 37 50
from Front Royal 1965 11 62 37
1966 26 50 3L
Adverage % 17 L3 Lo
Front Royal 196k 13 33 Sh
1965 8 38 5L
1966 11 L9 1O
Average % 9 L0 c1
Morgan Ford 1964 29 31 LO
1565 30 3 19
1966 L2 3P 26
Average ¢ 3h 38 28
Berryville 1564 2 76 22
1965 27 36 37
3966 18 = 29
Average % 16 £5 29

Y Surber, . ¥W., 1967. “malimcuth Bass Stream Investigaticns.  Tob No. 2.
Shernandcah Hiver Study, 196L. Clomaission of Garme ane .rland Fisneries,
Richrmond, Virginia. 30 pp.

&/ Surber, T. W., 1966, Zmallmouth Tass “tress ievr t.r. snn S nD o, 2
Shenandoah River Study, 1965. Commission of Game ani ‘¢land Fisneriss,
Richmond, Virginia. 80 pp.

¥/ Surber, E. W., 1966, Smallmouth Bass Stream Investigations., -ob No. 2

Shenandoah River Study, 1966. Ccmmission of Game and inland Fisheries,
Richmond, Virginia. 72 pr.



TABLE 5. AVERAGE NUMBER OF BOTTOM ANIMALS,
SHENANDOAH RIVER, 1948 AND 1965

{ Number per sq. ft.)

Station 1948 v/ 1965 2/
33 Miles Upstream from
Front Royal 71k 952
Front Royal 937 637
Morgan Ford 85 L19
Berryville 270 RN

L/ Henderson, C., 1949. The Value of the Bottom Sampler in
Demonstrating the Effects of Pollution on Fish Food Organisms
and Fish in the Shenandoah Hiver. The Progressive Fish
Culturist, Volume 11, No. L, pp. 217-230.

2/ Surber, B, W.,, 1966. Smallmeuth Bass Stream Investigations.
Job No. 2, Shenandoah River Study, 1965. Oommission of Game
and Inland Fisheries, Richmond, Virginia. 80 pp.



