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EXECUTIVE SUMMARY

The U.S. Army Medical Research and Development Comand has Initiated
field and laboratory research for the development of environmental standards
for munitions related residues. A significant portion of this effort has been
directed toward field assessment at several of the munitions facilities within
the United States. The purpose of these studies is to evaluate the impact of
munitions waste discharge on the biotic components of freshwater ecosystems
in order to establish effluent l evels for maintenance of environmental quality
in receiving waters. To meet this objective, Water and A ir Research , Inc .
conducted field i nvestigations at the Hoiston Army Ammunition Plant during
the sumer of 1975.

surveys conducted in June and August considered ambient chemical
and biological water quality conditions in the receiving waters of Holston
Army Amunition Plant. Munitions-related compounds from HAAP Area B (ROX ,
HMX , TNT, nitrogen , dissolved solids) and their effects on the periphyton
and macroi nvertebrate commun ities were evalua ted . - -

The direct impact of munitions wastes at HAAP is difficult to
• I • assess. Thi s Is partiall y because flow In the Hoiston River i s subject to

• wide variation due to intermittent releases from Ft. Patrick Henry Dam.
Chemical and biotic species entering or Ind igenous to the Holston River

- system at ~ingsport are subjected to daily flow fluc tuations which may span -

an order of magnitude in the South Fork and in the Holston River proper.
Hydrographs documenting flow conditions indicated that the canacity of the
river to dilute wastes entering from HMP vary by a factor of 12 over a 2- -

hour period .

The study section of the river carries substantial industrial dis- 
-

charaes from HAAP Area A and other Kingsport industries as wel l as domestic
sewage from the city of Kingsport . Previous studies have indicated that these
discharges create critically low dissolved oxygen concentratIons (1 mg/i) in
the Impact area as wel l as elevated temperatures (up to 11.5” C above ambient).
Also, the wastes from HAAP Area B are dispersed among three outfalls. The
two upstream outfalls discharge RDX , organ ic sol vents, and some nitrogenous
wastes. The third discha rge consists of large quantities of nitrate nitrogen
and some RDX. Thi s latter discharge enters the river downstream at Arnott
Branch.

The third facet complicating data interpretation is wastes from
HAAP Area B enter the Holston In a mixing reach of waters from the North and
South Forks. These waters have widely divergent chemical characteristics.
Marked cross-sectional differences were observed in dissolved oxygen con-
centrati on, temperature, and conductivity farther down river than the
confl uence of Arnott Branch. Thi s Informati on suggests that the waters of
the North and South Forks behave as d isti nct, contiguous streams occupying
the same stream bed from the point of confl uence to some point downstream
of the Diant site. Results of dye tracer tests bear this out and suggest that
the Impact of HAAP waste from Area B would be limited to the northern one-half
of the stream bed . Less than uniform dispersal of wastes occurs downstream •

for several miles. As a result, blotic components i nhabitin g opposite sides
of the river within that reach are subjected to widely dissimilar water
quality .

10
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The major water quality Impacts of HAAP Area B Include the addition
-

• of up to 700 ugh RDX residues to the waters along the north bank. These are
detectable In concentrations rang ing from <5 to 70 ug/l nearly one mile
downstream. Flow conditions held the plume to the north bank. Peak river

• concentrations were found at level s 29-150 pg/l during June and up to 700
1.ig/l Immediately below the two upstream outfalls in August. The only south
bank station showing residues was Station 19 immediately across from Arnott
Branch. The flow of this creek probably pushed effluent across the river
at this point. No HMX or TNT residues were detectable in the river waters.
In contrast to the distribution of residues in the waters , no RDX was
detectable in the sediments at >0.2 mg/kg . Trinitrotol uene residues up to
4.2 mg/kg were found in the sediments along the north bank and at Station 12
downstream. In general , concentrations increased with di stance downstream
from the upper outfalls to Arnott Branch.

Enrichment of the north bank waters with nitrogen and carbon
from HAAP effluent, also , Is reflected in sediment concentrations below
the outfalls. Sediments on the north bank of the river exhibited elevated
organic nitrogen and chemical oxygen demand values which progressively
increased downstream of the production line effluents . All three outfalls

• contribute a variable, but significant , carbonaceous load to the river,
which resulted in slight carbon Increases in the water along the north bank.
Total organic carbon In the effluents ranged 8-330 ma C/i In June , 7-93
mg C/i in August. This resulted in average carbon concentrations of 8 to
10 mg C/i wi th an upper value of nearly 18 mq f/i in the river downstream

- • of the effluents. The added carbon would aggravate the oxygen stress
existing in the Holston by Increasing oxygen demand.

- 

• The major plant nutrient discharge from HAAP Area B is nitrogen.
Downstream increases in nitrate concentrations occurred along the north
bank bel ow Arnott Branch . The nitrate nitrogen concentration at that point

• ranged to 4.5 mg N/l during the August survey . Reduced nitrogen (TKN )
level s In the Hoiston are high due to discha rges into the South Fork
upstream of HAAP Area B. During the June survey, TKN values were highest

• along the south bank. Data from the August 1975 survey and a 1969 EPA
survey suggest a major reduced nitrogen inout into the Hoiston from

• HAAP Area B, especiall y at Arnott Branch.

Measurement of dissolved oxygen and temperature showed that low
D.O.maystress biol ogic communities in the survey reach , especiall y during
times of low flow In the South Fork. Dissolved oxygen concentrations
measured during the day ranged from 1.5 mg/i to 11.2 mg/i during the two
survey periods. Critically low oxygen concentrations may occur frequently
in the Impact reach.

The biological communities of the Hoiston River In the survey
• reach are under several kinds of ecological stress. Water quality and

quantity fluctuate drastically over short time periods . Only those taxa
which are tolerant to variations in flow , periodic low dissolved oxygen
levels , as wel l as intermittent high levels of nitrogen and organic

• materials would be expected to inhabit this reach. Since the natura l
populations would be stress tolerant , this compl icated the ana lysis of the

-m — --- -~~
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-

subtle effects of low level munitions compound releases . This factor
l imited the usefulness of macroinvertebrates , normally important indi cators
of water quality , in clearly defining the minimum levels of ROX having an

• environmental effect. Both colonization of artificial substra tes and examina-
tions of the river sediments were employed to assess the impact of HAAP Area B
waste on this component of the community . The two methods orovide information

• relative to two environments, the water (artificial substrate) and the
substrate (sediment samples).

• Oli gochaetes were the dominant group of macroinvertebrates col lected
in the study area. These were found at all stati ons and accounted for 76
percent of the organisms collected from both natural and artificial substrates.
Common among those genera identi fied were Limnodri lus hoffmeisteri, a tubificid;
and Nais ~seudobtus, Paranais, Pristina schmeideri and Stylaria -- all
Naididae. These organisms are considered tolerant of nutrient and organic
pollution. Oligochaetes and Hirudinea (leeches), also found at all stations
In the survey, are known to be tolerant as a group to low oxygen concentra-
tions and periods of anaerobiasis.

The pl umonate snai l , !t~~a, occurred in tremendous numbers -
•

coveri ng large sections of exposed Hver bank. Extremely large popul ations -

we re found in the weed beds along the south bank. Plana rlans (Turbellar ia)
were abundant, especially on the artificial substrate sampl es. They were
present at all stations except directly below the second outfall ditch .

Chironomids, mainly Chironomus attenuatus, were abundant. The
dominant species is a freshwater form tolerant to widely ranging pH,

¶ • turbidity, and organ ic enrichment.

• All of the comon taxa , along with the more uncoc~on forms, aregenerally considered tolerant to low oxygen level s and organic pollu ti on.
This dominance at all stations indicates eutrophic conditions in the
Holston River. Population distribution patterns showed depression in
density of organisms and reduced numbers of taxa immediately below HAAP

- L effluent outfalls. Further downstream at Station 12, there was evidence of
-
~~ recovery. Upstream of the effluents , macroinvertebrates were more diverse

~ •i on artificial substrates (H 2.2) tha n immediately below the outfalls
(0.9 - 1.4). Diversity of benthic macroinvertebrates changed little
from the June-July to the August-September survey .

The water quality data show that macroinvertebrates may
be affected not only by RDX , but also by associated carbon and nitrogen

• compounds. Maximum impact in the river sediments was observed inuieciiately
below the two upper production line outfalls. The impact observed below
these outfalls was l imited to a short reach extending 100 to 200 yards

• downstream along the north bank. Whole river effects were not discern-
• ible.

• I Seven species of filamentous algae and 114 species of diatom
representing 31 genera were recorded as periphyton from artificial
substrates placed in the study reach. A selected number of natura l
substrates was also analyzed for diatom community structure. Data from
these latter substrates showed l ittle discernible effect of HAAP wastes
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on the diatom populations studied. In general , the periphytic flora of impact
• - and reference stations suggests that the Holston River supports a relatively
- large population of pollution resistant filamentous algae , characteristic of

nutrient enriched waters. Diatom species assemblages also suggested an
• enriched trophic state. Effects of munitions effluents were noted in the

periphytic component In the vicinity of the waste outfalls. These were
• manifested by reduction in algal populations and shifts in the diatom species

associations . (ross changes occurred immediately below the effluent dis-
charges among the fil amentous organisms which predominated on the artificial
substrates. Chlorophyl l a concentrations and organic biomass, quantitated
from incubated glass slides , also suggest a toxic impact from HAAP Area B
effluents. This impact was manifested by elevated l evel s of heterotrophic
biomass and concomitant reduction in chlorophyll content and algal flora
of the impact areas.

Large populations of the pollutant tolerant filamentous chiorophyte ,
Stigeoclonlum tenue, dominated the algal flora at both the upstream stations
and the stations in the impact area. However, in the immediate vicinity of• the production line effluents , the periphyton conriunity was heavily dominated

• by heterotrophs, p redominantly Sphaerotilis natans. Along wi th this form,
sewage tolerant protozoan species, Carches i um poTypedium and Epistylis ~ .,

• formed major components of the populations attached to the glass slides .
The upstream population and the shift in the impact zone suggest that organic
carbon and nitrogen enrichment from upstream create conditions favoring an
algal flora tolerant of extremely eutrophic conditions. Additiona l inputs of
organic chemicals , organic nitrogen and nitrates stimulate lush growths of
nuisance sewage bacteria and associated heterotrophs which predominate directly
below the production l ines’ discharges.

Populations of Stigeoclonlum were greatly reduced downstream from
HAAP , possibly indicating recovery f~bm the effects of pollution of the SouthFork waters above HAAP Area B and the effects of HAAP wastes ~~~~~ At this
station the predominant primary producers were fi lamentous blue-green algae,
Oscillatorla subinembrancea, Schizothrix arenaria , and S. calicola. These
organisms a lso are Indicators of nutrient rich waters .

The impact related community structure changes among the fi lamentous
periphytic flora were supported by chlorophyll a and biomass data . The pres-
ence of carbon enri chments from organic solvents, in combination with nitrogen
discharges from the two upstream production lines , stimulated the production
of a heterotrophic, nonchlorophyllous community along the north bank immediately
below these outfalls.

Changes in the diatom population structure showed sensitivity to
• discharges from HAAP Area B. The trophic level status of the common species

recorded indicated an eutrophic diatom assemblage, characteristic of nutrient
rich waters which are stressed by elevated carbon . Coni~ion to dominant specieswere: Achnanthes minutissima , Cocconeis olacentula v. eugiypta, ~omphonema• intricatum v. pimula, G. angustatum v. producta, ( . parvulum, Cymbella sinuata,
Navlcula c Incta , Rholcosphenia curva ta, and St~~~anodiscus ~~~~~~.

• 13
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In general , populations of diatoms were higher along the south bank
and upstream, in contrast to the north bank area of impact. Major changes
In diatom species dominance correlated with elevated l evels of RDX , NO -N ,
TKN and TOC being discharged from the HAAP effluent lines . Reproducti~n ofdominant species was suppressed at impact stations, whi le more resistant

• species took over dominance of this component. Species diversity indices (H)
for the diatom population were relatively low throughout the study. The mean
values ranged from 1.14 to 2.53. Overall mean was 1.88. This index was
relatively unaffected , however, by impact of HAAP Area B. Changes i n the
population structure, therefore, were in terms of species replacements.
One diatom assemblage, comprised of three species : Achnanthes minutissima ,

• Cocconeis placentula v. euglypta , and (omphonema intricatum v. pimula ,
was sensitive to waste impact. This assemblage was replaced at the impact
stations by another Achnanthes species.

Overall effects of munitions effluents were most clearly observed• in the periphytic community and were confined to the vicinity of the waste
• outfalls. Marked increases in heterotrophic biomass and reduction in auto-

trophic populations were noted. Species composition shifts among the diatoms
growing on artificial substrates suggested toxic manifestations from munitions
related effluents. Effects on the periphyton were observed in water containing
as little as 20 ug/l RDX. Direct relationship of RDX residues to biotic

• response in this system must be approached with caution . The chang i ng chemical
environment due to variable waste discharge, upstream waste inputs , and
flow variabil ity make It virtua l ly impossible to closely quantify typica l
conditions at a given station . Secondly, many of the effects may be due to
ancillary nitrogen and carbon discharges or to synergism between ROX and
combinations of other factors. Thirdly, the environment of the Holston is
one of eutrophic conditions and biological stress due to upstream discharges ; 

-

thus sensitive organisms which would be expected to respond to threshold
biotoxicity from ROX would not occur in the reach impacted by HAAP Area B.
Much more controlled envi ronmental conditions woul d be required to show direct
cause and effect relations hip s for levels of RDX. Conservati ve estimates,
however, would place a critical range of 20 to 100 ug/l ROX for periphyton
in water containing munitions effluent.

1
‘-I
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INTRODUCTION

The U.S. Army Medical Research and Development Command has supported
field and laboratory research for the development of environmental standards
for munitions related residues . A significant portion of this effort has
been di rected toward field assessments at the various munitions facilities
within the United States. These studies have been for the purpose of
evalua ting impact on the various biotic compartments in freshwater systems
in order to establish effluent levels in receiving waters consistent wi th

• the maintenance of environmental quality .

To meet these objectives , Water and A i r Researc h , Inc . conducted
field investigations at Holston Army Aninunition Plant during the sumer of
1975.

The Hois ton Army Ammuni t ion Plan t i s loca ted near Kings por t, Tennessee
• on the Holston River (Figure 1). • The complex has been divided into two

sections: Area A occupies 112 acres approximately four mi les below the Ft.
Patr ick Henry Dam on the nor th bank of the r iver; Are a B total s 5,913 acres
of land along about four mi les of the Holston River. The production plant

• is in Area B; RDX , HMX , TNT and other constituents i nvolved in munitions manu-
facture are produced here and their wastes discharged into the Holston .

Augmenting wastes from munitions compounds , this section of the river
carries substantial industrial discharges from ASG Industries , Inc. , J. P.
Stevens and Company, Inc ., Mead Papers , Penn-Dixie Cement Corporation , and the
Tennessee Eastman Company. Consequently, t he env i ronmen tal effects of
mun iti ons was tes from the Ho ls ton Army Amm uniti on Plan t are diffi cul t to as sess.
River stage In the Holston is subject to wi de variation . Superimposed on
munitions impact is infl uence from the above cited industrial wastes. The
area of impact falls in a mixing reach of waters of widely divergent chemical
characteristics from the North and South Forks of the Hoiston River. Also
the wastes from HAA P enter from outfalls along the north banks. These dis-

• charge RDX , organic solvents and some nitrogen compounds. Downstream large
quantities of nitrate-nitrogen and some RDX enter from Arnott Branch.

The purpose of this Investigation was to characterize the munitions
related w3ste from HAAP and to assess the impact of these wastes on the ecology
of the receiving water bodies . Therefore, as a part of the investigation , a
dye study utilizing fluorescent Rhodamine WT was made wi th the Turner Uesigns
Model 10 field fluorometer to assess the mixing and distribution of the
effluent through the riverine system (see Water Quality).

• Twenty sampling station locations (Figures 2 and 3) were selected
• throughout the study area. These were located in the North and South Fork

upstream of the munitions production lines ; continued through the area of
influence to a point well down river at the boundary of the reservation.
Surveys were completed in June and August of 1975.

• 15 
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The contlned June and August surveys, cons ider ing as they did effluent

• 
— discharge, distribution , mixing characteristics, changes and/or alterations

- In the chemical , biological , or sediment characteristics of the Hoiston Rive r,
provided a portion of the data base for the recommendation of effluent guide-
lines for muniti ons wastes Into receiving bodies.
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WATER QU k I TY

Introduction

The Hol ston R iver , located in southwest Virgini a and northeast Tennessee,
Is formed by the confluence of the North Fork and the South Fork at Kingsport ,
Tennessee. The June and August environmental survey was conducted in this
general area of the river, but was mainly concentrated in the reach immediately
downstream of the confluence which Is impacted by the Holston Army Aninunition
Plant Area B.

During the study a characterization of the water quality and river
sediments was achieved by considering the river waste loadings; trends in the
river conditions obtained from previous studies; and data collected by WAR ,
Inc. With this information the biotic variation in the impacted reach was
related to munitions—specific discharges from HAAP.

Impacts of I4jnitlons Related Discharges on Water Quality

A considerable data base is being developed through contract research
by the Anpy Medical Research and Development Command to characterize the
environmental effects of munitions discharges . Major impact effects from a
water qual ity standpoint are increased color; “red water ,” resulting from
photochemical action on nitrobodies ; large increases in dissolved solids ,
mostly chlorides and sulfates; nitrogen enrichment; as wel l as munitions re-
lease . Failure of waste neutralization processes can result in significant
pH changes. Effects on sediments include nitrogen and organic enrichment ,
buildup of salts, and accumulation of munitions compounds and their degrad-
ation products. Tabl e 1 si.minarizes the major water quality impact com-
pounds cited in recent studies on munitions discharges.

(~ist1ng reports related to the impact of HAAP discharges includeEva lua tion of the Effects of Ho i ston Army Ammu n iti on P l an t Was tes on the B iota
of tji. ~IolstOn River , Tennessee by WAPORA, Inc. (l975Iand the EPA (i97~JThe Titter report with emphasis on Kingsport, Tennessee discussed nitro-
gen, phosphorus, and biochemical oxygen demand loading from the Holston Army
~~ unIt1on Plant.

The WAPORA study characteri zed water quality and biologica l conditions
and concluded that the major effluents of the explosive production line may be con- -

tributing to the low leve l of dissolved oxygen ; and increases in total sol ids ,
total dissol ved solids , total gjeldahl nitrogen , and chemical oxygen demand in
the river.

Methods

F1~ld Analysis and Sampl e Col l ection. During two 5-day survey periods , - 
-

June 2-L and August 4-8, samp les and fie ld measu rements were taken at twenty
si tes, arrayed between river miles 136 and 144. The predominant effort was
concentrated along the reach which receives HAAP-B discharges . The samples

_ _  
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were preserved In accordance with EPA (1974) methods and shipped to WAR , Inc .
in Gainesville , Florida for processing .

Field parameters - dissolved oxygen (DO), temperature , pH, and specific
conductance - were monitored at various times throughout the day in order to
assess the oxygen resources of the river. Dissolved oxygen was measured with
a YSI model 5lB DO meter. Specific conductance and temperature were measured
with a YSI Model 33 Salinity-Conductivity-Temperature Meter. Measurement of
pH was made with a Photovolt Model 126A portabl e battery-operated pH meter.

Laboratory Analyses. Samples were collected as described and shipped
refrigerated to WAR , Inc . The water quality parameters monitored included
the fol l owing :

Major Ions Oxygen Demand

Total Al kal in ity Chemical Oxygen Deman d (COD)
• Chl oride Total Organic Carbon (b C)

Total Hardness
Sulfa te Trace Metals
Total D issolve d Sol id s (TDS)

Cadmium (Cd)
Sus pende d Ma ter ials Co pper (Cu )

Chrom i um Hexava l ent (Cr ~~)Suspended Sol ids (SS) Iron (Fe5
Total Solids Lead (Pb)

Mercu ry (Hg )
Nickel (Ni) I -

- 
- Zinc (Zn)

Plan t Nu tr ients

Aninonia Nitrogen (NH3- N)
Total Kjeldahl Nitrogen (TKN)

• Nitrite Nitrogen (N02-N)
Nitrate Nitrogen (N03-N)
Total Phosphoru s (Total—P)

Mun iti ons Com poun ds

2,4-Dinitrotoluene (2,4-DNT)
2,6—Dinitrotoluene (2,6-DNT)
ci-Trinitrotoluene (TNT)
Cyclotrimethyl enetrinitramine (RDX)

- : Cyclote trame thyl enetetran it ram in e (HMX)

The sediments were characterized by analyzing the following parameters:

22
-

~

-

~ 

- - —-• f- - ~~~~~~~~~~ ~~~~~~~~~~~~~~ -g~~~~~~~- _~~~~ 



T~~~~~~~~~~T~~— 
- - -

‘ I

• .. Nu tr ients Trace Metals
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Chemical Oxygen Demand (COD) Cadmium (Cd)
Total Kjeldahl Nitrogen (TKN) Copper (Cu)

t Nitrate Nitrogen (N03-N) Chromium, Hexava len t (C r~
6)

Nitrite Nitrogen (NO -N) Iron (Fe)
Total Phosphoru s (To~al P) Lead (Pb)
Total Sol ids Manganese (Mn )
Total Vola til e Sol id s Mercur y (H g )

N ickel (N i ) • 

-

Z inc (Zn )

Mun iti ons Compoun ds

2,4-Dinitrotoluene (2,4-DNT)
2,6-Dinitrotoluene (2,6-DNT)
c*-Trinitrotoluene (TNT)
Cyclotrimethylenetrinitramine (RDX)
Cyclotetramethylenetetranitramine (HMX)

- 

• The methods employed for col l ecting , preservi ng and analyzing the rou-
tine water quality parameters followed accepted Standard Methods (APHA, 1 971)
or EPA (1974) procedures. Chemistr~y Laboratory Manual Bottom Sediments (EPA,

• 1969) was the source of the routine methods utilized for collection , preser-
vation , and analysis of the sediment samples. Where existing methods, parti-
cularly for trace metal s and munitions were insufficient to provide the desired • 

-

l evel s of detection , alternate analytical procedures were employed after
accuracy and precision had been verified . Details on analytical procedures
are presented in Appendix A-l.

Waste Loading In the Upper Hol ston River

The EPA (Region IV) had been concerned for some years with water
quality especially low oxygen concentrations and nutrient loading of the

H olston ~Uver from the confluence of the North and South Forks to the Chero- 
•

- 
- 

kee ReservoIr , 40 miles downstream. The agency has made two waste source
and stream surveys; the first in July, 1969 (EPA, 1972) and the second in
November and December, 1972 (EPA, 1973a and 1973b). These sought to deter-

• m ine the quality and quantities of wastes discharged into the Holston River
In order to establish NPDES permitting l imits , to evaluate control measures,
and to ascertain the changes in the water quality In the Hoiston River in
terms of specific pollutants, I.e. nitrogen , phosphorus, organic l oading ,
and organic chemicals.

The 1969 study demonstrated that the waste dischargers at Klngsport,
Tennessee ; pr inc ipall y :

Tennessee Eastman Corporation (TEC)
Ho iston Army ~nmun 1tion Plan t

Areas A and B (MAP-A , HAAP-B)
Mead Papers (MEAD )
kingsport Sewage Treatment Plant (KSTP)
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serIously affected water quality in the South Fork and Hoiston River . At
the time of the 1969 survey , 137,500 pounds per day BOD and 19,500 pounds per
day TKN -- the latter discharged primarily by TEC (83%) and HAAP (16%) --
were creating conditions viol ating Tennessee Stream Standards (see below)
for USGS rivermile 131.5 to 142.

Mi n imum Di sso l ved Oxygen (0.0.> 3.0 mg/l )
Maximum Total Dissolved Solids , 500 mg/l ;

pH 6.5 - 8.5;
Max imum Tempera ture , 30.5°C
Max imum Tempera ture r ise , 3°C. (EPA, 1972 ) .

The TKN discharge was calculated ~o be equivalent to 84,000 pounds per dayof nitrogenous oxygen demand (NOD).

Figure 4 shows the downstream oxygen sag curve from the Kingsport
reach. In addition , temperature increases of 11.5°C were observed from TEC

• and HAAP-A cool ing water discharges . A further 1.3°C rise from HAAP-B
resulted below Arnott Branch. Water from the North Fork contained little
oxygen demand but affected water quality by contributing elevated chlorides
and hardness from Olin Corporation , Saltvllle , Virginia. In addition, TEC
as wel l as HAAP-A and MAP-B contributed significant phosphorus to the
system.

A modeling effort based on this survey indicated that nitrogenous oxy-
gen demand (NOD ) contributed 30 percent of the total loading and that
reduction of carbonaceous demand was not sufficient to upgrade water quality .
The EPA concl uded that was te re duc tion to no more than 14,000 l b/day BOD and
1 ,950 lb/day TKN would be required to mai ntain stream standards. The BOO and
TKN loa ds d i schar ged dur ing t he 1972 study -- 1 11 ,500 lb/day BOD, 11 ,600 lb/day
TKN -- still greatly exceeded the l imits. Table 2 taken from EPA 1973a ,
tabulates the waste discharges found during the two surveys. In addition to
the generated oxygen demand , the tabl e shows the heavy NH~-N and N03-N loadingwhich supports a large standing crop of aquatic plants. These growths contri-
bute to oxygen fluctuation (Figure 5 ) which result in night time DO level s
as low as 1 mg/l because of respiratory demands. I

Acute bioassays of the wastes from the various outfalls of TEC and f
HAAP-A and HAAP-B suggested toxicity in these effluents to fathead minnows.
Based on the 1972 waste flow from I-IMP-B and these bioassay results, a m i n imum
river flow of 2,600 cfs would be requ ired to prevent toxic conditions down-
stream , assuming no residual toxicity from MAP-A or TEC.

NPDES requirements for 1977 are tabulated in Table 3; the new permit
• allows lower discharges than 1972. Implementation of waste treatment facili-

ties for process wastes, containment of spillage , and separate trea tmen t of
cooling water streams are required to meet these goals. In addition to meet-
ing the effluent standards as tabulated , bloassays to assure that toxicIty of
HAAP-B wastes are less than or equal to receiving water toxicity are required
as a part of the permitting requirements.
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, FIGURE 4. WATER QUA1I~~ UPPER HOLSTON RIVER , JULY 25 - 28, 1969,
FROM EPA , 1972.
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Characterization of Water ~aa1ity

The effect of munitions compounds and associated wastes discharges
from HAAP-B on water quality In the upper Hoiston River Is difficult to
assess. This Is because flow in the Hoiston River Is subject to wide vari-
ation due to Intermittant releases from Ft. Patrick Henry Dam. Superimposed

• on the flow variability are the waste discharges at Kingsport which reduce
the quality of South Fork water. The area of impact also is in a mixing
reach of waters of widely divergent chemical characteristics, I.e. the North
and South Forks of the Hoiston. Finally wastes from HAAP enter the river
from three outfalls along the north bank. Two upstream outfalls from pro-
duction lines 2 - 8 discharge munitions residues, organic solvents, and
some nitrogen compounds. The third , from the n itr ic ac id area , di scharg es
large quantities of nitrogen and some munitions residues. According to U.S.
Army Environmental Hygiene Agency (USAEHA, 1912) the three wastes streams
discharge at the following rates:

- 

Station 7 ProductIon Lines 48 MGD Approximately

• 
6,78 8

Station 8 Production Lines 11 MGD Approximately
2 , 3, 4 & 5 10 MGD Cooling Water - ‘

Stati on 10 Arno tt Branch Na tural Flow 2.5 MGD
Cool ing Wa ter 46 MG D

• Process Wastewater 15 MGD

During the 1975 survey, waste flows were substantially less than these values.

Water quality data for selected major ions , plan t nutrients , trace
metals , and munitions , as well as associated field measurements, are tabula ted
in Appendices A-2 - A-6. Appendix A-7 tabul ates selected sediment analyses.

Field Data Presentation. Field measurements of dissolved oxygen ,
tempera ture , conductivity , and pH were ma de dur ing the Ju ne and Au gus t

• surveys. The results are given in Appendix A-2.

-; Previous studies (EPA , 1972 , 197 3a , 1973b) showed the Hoiston River
in the vicinity and downstream of HAAP to be under dissolved oxygen and
temperature stress. The oxygen demand was due to BOD (55 percent), NOD (3 0
per cent ) , and benthic deposits (15 percent). Some 91 percent of the BOD

• and 99 percent of the NOD resulted from discha rges by Tennessee Eastman
Corporation and HAAP . In July, 1969, di ssolve d oxyqen concen tra ti ons i n
the Hoiston River just downstream of Arnott Branch (River Mile 137.9)
dropped to as low as 0.2 mg/i in the early morning hours. Temperatures rose
as high as 31.5°C. Dissol ved oxygen in the North Fork varied diurnally from
6.2 to 11.4 mg/i. During the June and August , 1975 survey, the temperature
and dissolved oxygen minlmum and maxirnum were 15.(t’C -31.0 ‘C and 1 .5mg/ l -

• li.2mg/l , respectively. Since no dissolved oxygen measurements were made
at night , values of 1 mg/i or below probably occurred in the pre-dawn hours.
Low dissolved oxygen in August occurred In the South Fork during periods
of minimum or no discharge of water at Ft. Patrick Henry Dam.
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When water release from the dam creates high flow conditions In the South
Fork and dissolved oxygen In the North and South Forks is greater than 7 mg/i ,
oxygen sag is observed downstream of the confluence in the study reach. At low
flow and lower D.0. (5 mg/i) In the South Fork, no 0.0. sag occurs , viz
oxygen concentrations increase downstream via reaeration. This phenomenon is
l ikely due to the effect of fluctuating river flow, stage , or reaera ti on.

Apparently, as water Is released from the dam, the increased velocity
Is more than offset by Increased depth causing reaeration to diminish. Under -•

these conditions reaeration would be less at hi gher flows. At low dissol ved
oxygen , although the deficit is greater, the reaeration constant is higher.
In addition , low river stage increases riffle areas. This means that the
driv ing force for reaeratlon is greater and reoxygenation over-balances oxygen
demand.

Mixing of North and South Fork waters was not complete until River Mile
137. Marked cross sectional di fferences in dissol ved oxygen , tempera ture ,
and conductivity were observed at all sampling locations as far downriver as
Stations 19 and 20 (approximate River Mile 137.5). Dissol ved oxygen concentra-
tions were higher in the waters from the North Fork that were adjacent to the
HAAP manufacturing areas and received the HAAP effluents. Minimum observed
dissolved oxygen values in these waters were 6.9 mg/l in June and 4.4 mg/i
in August. This emphasizes the adverse water quality impact of Kingsport on

- • South Fork waters.
- - 

- During the survey, pH ranged between 7.0 - 8.2 whi ch are values normally
antic ipated for natural waters.

• Conductivity was generally higher in the North Fork as shown in
• the following table. These results are consistent with histori cal data .

June Augus t
(J~~o/cm)North Fork (Station 4) 250 - 630 260 - 870

• South Fork (Station 3) 139 - 220 180 - 270
Hoiston River (Station 12) 230 - 300 200 - 335

_________________________________________ 

I

Transport - Dispersion Considerations. Chemical and biotic species
entering or indigenous to the Hoiston River system at Kingsport are subjected
to daily flow fluctuations which may span an order of magn itude in the main
channels of the South Fork and Holston Ri vers and two orders of magnitude
In the auxiliary channel of the South Fork. This Is a consequence of the
widely varying turbine discharge at Ft. Patrick Henry Dam. Hourly discharge
at this TVA facility ranged from 0 to a maximum of 9,900 cfs during both

• the June and August surveys. Low flow irs the South Fork during the two
study periods was not less than approximately 540 cfs (10 cfs in the
auxiliary channel , 530 cfs In the main channel), and peak flow did not
exceed iO ,600 cfs (1 ,700 cfs in the auxiliary channel , 8,900 cfs In the
ma in channel ).

• Hydrographs documenting flow conditions in the South Fork, North
1- 

- 
Fork , and Hoiston River during the June and August surveys are presented
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as Figures 6 and 7. These are based upon provisional USGS data and illustrate
the extreme variability and frequency of flow conditions encountered In this
riverine system. Flow data reported for the North Fork are estimated from
the stage records at Gate City , Virgin ia , and ranged from 770 to 2,090 cfs in
the June study and from 176 to 1 ,880 cfs in the August study.

It is evident from the hydrographs that the potential capacity of the
Holston River to dilute wastes entering from HAAP may vary by a factor of 12
within 2 hours. Time of travel of the turbine discharge pulse from point of
origin to the gauging station on the South Fork was approximately 2 hours,
Indicating the approach velocity of the discharge crest to be 3 fps.

Aerial photographs of the Holston River system at Klngsport (TVA dated
February 4, 1973) show slow mixing of the North and South Fork Rivers
downstream of their confluence. Against the more transparent water of the
South Fork, the turbid water of the North Fork is discernibl e as an opaque
ribbon as far downstream as River Mile 136. Conductivity profiles recorded
during the June and August field surveys (Figures 8 and 9) adjacent to the
north and south banks 0-f the Hoiston River show that mixing extended from the
point of confluence to at least River Mile 138 during extremes of turbine dis-
charge, a distance of 4.2 miles. This information suggests that the waters
of the North and South Fork behave as distinct , contiguous streams occupying
the same streambed ‘from the point of confluence to some point downstream of• the HAAP-B plant site. As a result, blotlc constituents inhabiting opposite
sides of the river within that reach are subjected to quite dissimilar
water quaiity. In addition , the inhibited dispersion of waste effluents from
the plant attendant to this phenomenon might intensIfy impact In a zone adjacent
to the north bank (which adjoins the plant site), while diminishing or pre-
clud ing impact In the remaining portions of the stream bordering the south
bank.

• - Dye tracer tests were conducted during the June survey to characterize
further the dispersion of wastes entering the Hoi ston River from three plant
outfall zones: Station 7, Station 8, and Arnott Branch. During each test, the
red fluorescent dye, Rhodamine WI, was fed as a 34 parts per thousand (V/V) solution
continuously Into the outfall ditch or tributary by a positive displ acement
chemical feed pump (a Lapp Hydracone Simplex Pump) at a nominal rate of 400 ml
concentrated dye per minute. This rate was calculated to result approximately
in a 0.5 ppb concentration of Rhodamine WT if the dye were completely dispersed
over the river cross-section at a maximum anticipa ted flow of 8,000 cfs.

Dye profIles were recorded at selected Intervals In the reach
downstream of Rhodamine injection by traversing the river irs a boat equipped
with a Turner Design Model 10 Fluorometer/Rustrak Recorder system, which
monitored the dye level s in river water circulated continuously through the
fluorometer flow cell by a 12 volt Jabsco pump and garden-hose sampler. The
fluorometer, after adjustment for background fluorescence, was sensi tive to
0.1 ppb Rhodamine concentration. Dye profiling commenced after approximate

- I • steady state conditions were judged to be present in the river (determined
by the visual appearance of the dye plume and occasional dye sampling -- inF I no case before 60 mInutes elapsed time from dye injection). Prof i les were
establ ished In upstream-to-downstream order.
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Results of the tracer tests are presented in Figures 10, 11 , and 12,
for the three res pect ive outfall  zones : Sta ti on 7 , Station 8, an d Arno tt Branc h .
Tracer concentrations are expressed as multipl es of a uniform cross-sectional
concentration assuming a compl etely dispersed system. Based upon this , peak
concentrations in a profile must equal or exceed 1.0. Some concentration
anomal ies are evident —- these are a consequence of the changing flow regimes
and outfall discharges unavoidabl y encountered duri ng the tracer tests.

Essentially all dye was confined to the northern one-half of the
streambed to a distance of 1 - 1.5 miles downstream of the dye injection point ;
peak concentrations within this zone ranged from 2.3 to 9.4 times a level
calculated to result from complete dispersal . Best dispersal and lowest peak
concentrations were observed for the Arnott Branch tracer test -- a resul t of
the larger component of lateral momentum imparted by the flow from this
tributary. No vertical stratification of dye was observed anywhere wi thin
the study reach.

The fluorescent dye utilized in the tracer tests is an analog of
soluble conservative contaminants of dissolved materials which behave conserva-
tively within the l imited reach of the study. The results of the tracer tests
suggest that, upstream of River Mile 138, impact from HAAP was te woul d be
l imited to the northern one—half of the streambed. Less than uniform
dispersal of wastes downstream of that point woul d occur for several miles.

Maj~,r Ions. Means and ranges are plotted for chloride concentrations I -

during the June and August surveys In Figures 13 and 14, respectively. They
correspond well with STORET data for 1966-1974 for South Fork water which
averaged 7.6 mg/i compared to 5.4 and 7.0 mg/I for WAR data. Chloride in
the North Fork ranged 20 - 120 mg/l during the WAR survey compared to 85 -
2,433 mg/i for the STORET data. The large confidence intervals illustrate
the widely varied chemical environments which occur day to day and which
could affect populations of relatively sessile organisms . Similar patterns
were observed for al kalinity , total dissolved solids , and hardness. Total
dissolved solids averaged 0.67 times the conductivity which is typical of
natural waters. Ranges of these parameters are tabulated below:

Concen tra tion 
-June 1975 Au gus t

Total Dissol ved Solids North Fork 175 - 425 392 - 576
(mg/l) South Fork 107 - 132 106 - 296

StatIon 12 75 - 208 108 - 239

Total Hardness North Fork 108 - 170 162 - 179
(mg CaCO3/l) South Fork 68 - 85 73 - 105

Station 12 88 - 119 84 - 11 7

Al kalinity North Fork 86 - 110 70 - 90
(mg CaCO 3/l) South Fork 60 - 66 62 - 80 - -

-

— Station 12 72 - 87 69 - 77 
- 

-

Discharges from HAAP d i d not significantly affect concentrations of these ions.
Total hardness In the North Fork ranged much higher during the period
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TRACER STUDY.
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1966 — 1974 (STORET) (68 - 2,416 mg CaC G3t1) than during the WAR survey which
suggests that industrial discharges rather than natural runoff may infl uence

— I major Ion content.

Sulfate concentrations on the other hand are higher in the South Fork
waters. Figures 15 and 16 show the concentration variation downstream for
the two surveys. The reason for hi gh S4, values at Station 5 is not clear.
This sample was taken from the raw water line enteri ng the water treatment
plant rather than in the river. No other parameter measured at this point
produced data out of character with other upstream stations. HAAP effluents
contain SQ concentrations elevated over the ambient river concentrations.
Mean concentrations in mg S~~/ 1:

Sta tion June August

7 32.1 36.8

10

These effluents caused slightly higher concentrations of SO4 in the river
along the north bank , especially during the August survey. j

Suspended materials in the river varied widely. In contrast to the
extremely low turbidities found in September, 1974, by Wapora, Inc. (1975)
suspended solids ranged to over 300 mg/i in the North Fork and 284 in the
Hoiston (main channel ) on August 6, 1975, following a rain. Suspended
solids were considerably higher in August than in June. Mean value for
suspended sol ids was 18 mg/l in June; 44 mg/i in August. No suspended sol ids
impact was observed due to HAAP discharges.

Orqanic Loadin.~ The organic load ing from HAAP discharges was
measured both as chemical oxygen demand and total organic carbon (Appendix A-3).
The effects of these discharges on carbon concentrations in the Holston

- 
- 

4 River are shown for the June and August surveys in Figure 17 and 18 . Al l
three outfalls contribute a variable but significant carbonaceous load (tabu-
lated below) to the river which results in sl i ght carbon increases in water
along the north bank. This Is especially evident in August when river flow
was relatively lower: .1

~
- 
‘

~~~~ TOC IN HAA P EFFLUENTS

~1 -
(TOC Concentration mg C/i)

Sta tion June August
(Outfall) Mean Range Mean Range Li -

7 49 21 - 88 40 19 - 62
8 146 40 - 330 43.4 16.5 - 93

10 12 8.5 - 17 12.1 7 - 15

Statistical Interpretation of the significance of the increased [j
b C  in the river Is impossible due to high day-to-day variation. The mean
values , however , show consistent trends of higher carbon content along the
North bank. I:

Li ,

42
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Carbon input from Arriott Branch (Station 10) was lowest in terms of
concentration but the high flow of the creek relative to the upstream outfalls
provided substantial carbon loading. The mean carbon level of the river
(8 to 10 mg C/i) indicates a BOO of 9 - 12 (Medina, 1972) indicative of

— 
significant oxygen demand. The upper ranges of TOC in the river water suggest
that this reach is periodically heavily loaded by oxygen demanding materials. 

- 
-

Nitrogen and Phosphorus. The major nutrient input from HAAP is
nitrogen. Data for the June and August surveys, tabulated in Appendix A-3,
refl ect nitra te values similar to those in the Jul y, 1969 EPA surve y (EPA ,
1972) and the September, 1974 study (WAPORA , Inc. 1975), and ind i cate
a significant Increase in concentrations in the north side of the river at
Station 20 downstream of Arnott Branch. This is especially evident during
the August survey (Figuresl9 and 20 ). This impact was a direct result

- 
- of the discharge from the nitric acid area via Arnott Branch. This stream

had a N03-N concentration of 3.5 mg N/i in June and nearly 9 mg N/i in August.
High concentrations of N03-N were also discharged at outfalls 7 and 8. However ,

• Comparison of Stations 3 and 4 (South and North Fork) confirm that the
majority of the ambient N03-N load is carried in the South Fork.

Total icJeldahl nitrogen and amonia concentrations are also high
In this reach of the Hoiston and represent l oading from Kingsport. Kjeldahl
nitrogen data from the June and August 1975 surveys are presented in
Figures 21 and 22. In August the major impact comes from the 3.8 mg/i dis-
charge from Arnott Branch causing increased concentrations of reduced nitrogen
at Station 20. During the 1969 EPA study, concentrations at that point were
3.6 mg N/i along the north bank , 1.7 mg N/i along the south. In June con-
centrations in the river represent an oxygen demand as NOD’ of about 3.5
mg/i and 5.5 mg/i for June and August.

Ammonia concentrations in general followed similar patterns
as TKN for the two 1975 surveys. The TKN and NH 3-N level s correspond wi th
overall means from STORET data from 1966 - 1974 in terms of concentrations

- - 

• in North and South Fork waters. Nitrogen loading was higher during the July,
- . 1969 EPA study and suggested a major impact from HAAP. Kjeldahl and amonla

concentrations ininediately below Arnott Branch were significantl y higher
on the HAAP side of the river (Table 4 ). The lower nitrogen concentrations
found overall in the 1975 WAR survey may reflect improved nitrogen removal
upstream.

Phosphate concentrations were higher in the South Fork water than in
the North Fork. Concentration, ranges for the North Fork water (Station 4)
were 0.03 - 0.04 mg P/i In June; 0.04 - 0.15 in August compared to 0.08 -
0.28 mg P11 and 0.08 - 0.28 mg P/i for Station 3 in the South Fork for the
same period. These ranges correspond with the results of the 1969 EPA study
and the 1966 - 1974 STORET records. Effl uent concentration ranges are
tabul ated below and indicate that some phosphate load is generated by HAA P
discharges. The quantities discharged do not appear to elevate ambient river
concentrations.

~4.57 x mg N/i (EPA , 1972)
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TABLE 4

MEAN WATER QUALITY , UPPER HOLSTON RIVER
- 

-- 

JULY 25-28, 1969
(EPA, 1972)

Location Relative Nitrogen (mg N/i)
River Mile to WAR Survey TKN NH3 N03-N

South Fork

5.6 -- 0.39 0.10 - 1.25
1.2 (Station 2) 2.67 2.01 0.88

North Fork

0.1 (StatIon 4) 0.39 0.08 1.01

Hoi ston River

141.2 -- 2.28 1.68 0.63
137.9* (Station 20) 1.67 1.24 0.60
137.9~~ 3.59 2.76 2.38
135.4 (Station 12) 2.28 1.85 0.95
131.5 -— 2.20 1.79 0.89
128.3 -— 2.07 1.65 1.02
124.3 -- 1.84 1.48 1.13
118.4 —— 1.58 1.10 1.31
115.9 -- 1.37 0.91 1.49

* Left side of channel only - no HAAP Area B waste.

**Right side of channel - reflects HAAP Area B waste.
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a.

••- Total Phosphorus (mg P/i)
a. June August

Station Mean Range Mean Range

H ~: 7 0.08 0.05-0.13 0.19 0.13-0.20
8 0.07 0.04-0.13 0.13 0.06-0.15

; 
~

- 9 T 
• 10 0.16 0.i3 0.23 0.21 0.16-0. 25

. - 

Figure 23 illustrates phosphorus level s in the impact area and shows a
~ ~ gradual mixing of North and South Fork water. It may be noted that P04 con-

~: 
~ ~ ~ 

centrations are significantly lower along the north bank.

- Trace Metals. Appendix A-6 contains the results for trace metal analysis
- - I 

- of river water and1IMP effluents and shows that munitions waste does not contri-
bute significantly to the burden of metals in the Hoiston River. Wapora, Inc (1975)
found mercury concentrations measuring from 5 Mg/i upstream of HAAP to 63 Mg/ I
below the plant. This was not substantiated in the 1975 surveys nor in examina-
tion of STORET data reporting mercury analyses from 1966 to 1974 at selected

• sites in the study reach. These latter EPA data showed concentrations ranging
from 0.5 to 3.4 Mg/i.

In the June 1975 survey, 93 water samples were analyzed for mercury.
These showe d no detectabl e (>0.5 pg/l ) mercury~ During August,
2 out of 36 contained detectable mercury, but only one was above the 2 Mg/i
proposed drinking water standard (Public Law 92-583).

The 1972 EPA survey of waste sources indicated heavy manganese loading
associated with Tennessee Eastman Corporation discharge. STORET data for the
period 1972 to 1974 confirmed manganese values >0.1 mg/i as far downstream
as mile 131.5.

Daily variation of iron was 0.17 to 0.6 mg/i , slightly above the re-
commended limits (EPA , 1973) to 0.3 mg/i for drinking water. Lead was below
detection with the exception of one sampi e at Station 7 in June (73 Mg/i).
This level could not be confirmed by further sampling .

Significant lead discharges, however, do occur from Tennessee Eastman
Corporation (STORET, 1972-1974) which cause concentrations downstream of
about 50 Mg/l. The September, 1974 Wapora, Inc. (1975) study detected 20

- to 50 Mg/i Pb In waters of this reach.

One value for copper, 36 Mg/ I (Station 8, August Survey) was above
the 15 - 33 Mg/i recommended value for protection of most sensitive aquatic
life . Zinc concentrations ranging from 2 to 91 ig/l during the study were
wel l below EPA recommended criteria (150 ~ig/1 In hard and 5 Mg/1 in soft waters).

The remaining metals td , Cr’6, and Ni) were either undetectable or
found in concentrations weli below environmentally significant l evels. These
data and STORET data support the following conclusion : heavy metal toxicity
is unlikely to be associated with HAAP effluents.
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~ .. Munitions and Solvents. The results of analyses of RDX , TNT , and two
~ 

- 

~ percursors of TNT , 2,4-ONT and 2,6-DNT are tabulated in Appendix A-V. Overall
• the major munitions discharge consisted of RDX residues both for the June and

August surveys. Trinitrotoiuene residues were detectable in quanti fiable
I. amounts only in the effluent streams at Stations 7 and 8 and in the river at —

Station 78. No HMX was found In the sanpies (detection limit of 1 mg/i as
• measured by thin layer chromatography). RDX residues were found in effluent

san~1es at concentrations ranging to 8,200 pg/i at Station 7, 8,780 pg/l atStation 8, and 635 Mg/i at Station 10 (Arno-tt Branch). Figures 24 and 25 show
the distribution of RDX residues . Mimimum quanti fi able concentration of RDX
was 5Mg /i.

In June the peak river concentration occurred at Station 14 (150 Mg/i)
located downstream of outfails Station 7 and 8 (Figure 24). Downstream stations
generally showed lower concentrations with a maximum of 27 ~g/l occurring atStation 12. ConsIstently higher eoncentrations of RDX were found In the north
bank stations confirming that the effluents do not disperse rapidly in the river.

RDX residues were generally higher in the river during August (Figure
25). Again , the same pattern of decreasing concentrations was observed from
Stations 14 to 12. levels of RDX in the river on the north bank ranged from

• a maximum of 70 Mg/i at Station 12.

The values of 5 and 150 pg/i at Station 6A on 8/6/75 and 8/8/75 are
considered to have resulted from contamination either in the field or during
extraction. Trinitrotoiuene was detectable in quantifiable amounts during the

• August survey in the effluents at Stations 7 and 8 and in the river at Station
7-B. Minimum detectable TNT or dint trated toiuene was 1 pg/l . No HMX
was detected in the August survey.

Records of waste discharge data for 1974 and 1975 based on month1y grab
• samples by the Hoiston Defense Corporation generally ranged higher than the

data from the WAR survey. Mean RDX-HMX-TNT residues in Arnott Branch were
1,500 pg/i , standard deviation nearly 5,000 pg/i , mostly as RDX . Munitions
production line means avera ged as fol lows :

- • Mean of all Lines
RDX-~4X-TNT 5,800 pg/l
TNT 980 pg/i
RDX 3,950 pg/i
HMX 870 ug/l.

RDX was always discharged. Trinitrotoluene and especially HMX are apparently
not always present In the discharge.

In the Wapora study (1975) no TNT residues >100 pg/i were found in
the river. RDX or HMX concentrations were not determined .

Production l ine effiuents also contain significant quantities of acetone —

and cyciohexanone. Not quantitated in the WAR survey, these compounds probably

- 
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-
~ contributed substantially to the elevated COD and TOC at Stations 7 and 8.Il Mean values for these specific organic compounds taken from the Hoiston

I~~ Defense Corp oration data were:

_

I

l Acetone (mg/i ) Cyclo hexanon e (mg/ i)
: ~ Production Lines 9.5 6.2.- ~ Arnott Branch ) o

- ~ Neither of these two compounds could be detected in Hoiston River . -

~ 
water sampled by Vie corporation downstream from Arnott Branch at the . 

-

~ 
approximate location of the WAR Station 20. -

- 
I Cluster Analysis. N-Inc parameters were chosen to represent the major

~ - I facets of water quality. Nitrogen, phosphorus, and carbon, major ions, and
munitions residues were clustered as described in “Computational Methods”
using the average distance formula, in order to determine water quality rela-
tionships and impacted stations. The five-day means for total kjeidahl

- nitrogen, the sum of nitrate plus nitrite, total phosphorus, total organic
carbon, sulfate, chlorides, total hardness, nitrated toluenes, and RDX were
clustered for Stations 3 to 20 includIng the effluents for the June and

- 
August survey.

- Because of the complex system, subciuster~ of various parameter groups 
- -

- 
were made. These clusters include:

Major Ions: Phosphorus, total hardness, chlorides
r and sulfates. 

-

Ancillary HAAP discharges: Total kjeidahl nitrogen, nitrite +
nitrate, and total organic carbon.

Nitrate + nitrite.

Munitions nitrogen: Total kjeldahi nitrogen, nitrite + nitrate ,
RDX , and total nitrated toluenes (TONT).

~ ~
-1 Figures 26 and 27 present the phenograms from the June and August surveys,

- respectively. The subclusters are included in Appendix A-4. The clusterings- were mostly free øf distortion (cophenetic correlation coefficients >0.9).
The phenograms show that Stations 7 and 8, the outfalls , and Arnott Branch JJj
(StatIon 10) are not significantly related to the river stations and further
that North Fork water (Station 4) is dissimilar to the downstream stations

- - (d~~ >1.41). Effluent at Station 8 had the highest RDX concentration during
- the two surveys and the highest TNT during June. Major Ions compared with

other subc lusters suggest that Station 4 is unrel ated to all others due to
high chloride and hardness content. Station 3 (South Fork) groups more closely

— 
- with the stations downstream of the confluence, particul arly In August when

North Fork flows were lower. Downstream of the confluence and in the main
channel , the north and south bank sta tions are each similar among themselves -1

_
i

but are different from each other. Station 17 is an excepticn and exhibits
similarity to north shore water. This probably is due to mixing of North and
Soutti Fork water prior to the confluence of Arnott Branch and the river.

-
~ Elevéted TKN and NO3 from Arnott Branch cause Station 20 to group with themore enriched south shore stations during August 

-

~~~~

_____
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- - ~ ; I ~ A scatter diagram of N03 in Arnott Branch (Station 10) and Station 20
- I ~ ~ ~ 

(Figure 28) shows good correlation between daily P403 va lues for these two
•- ; poInts. Total kjeldahl nitrogen and TOC show similar correlations. Cluster—

ing of NO~ and NO~ shows Station 20 as being strongly influenced by the N03source in Arnott Branch. Correlation was best during June when North Fork
river flows were relatively stronger. Water qual ity at Station 12 -is strongly
influenced by river flow, grouping closely to the north shore stations in June
and the south In August. During this latter period , South Fork major ion
concentrations were closer to North Fork values , again illustrating the
rela tionship between flow of the North and South Forks and water quality
along the north and south bank of the main channel .

Characterization of Sediments

The strong and rapidly changing flow regime in the Hoiston River below
the Ft. Patrict Henry Dam scours sediment in the main channel down to large
rocks. Sediment enriched in carbon and nitrogen are deposited in back
waters . Fifteen percen t of the oxygen demand modeled -in the 1969 EPA study(EPA, 1972) was considered to come from benthic demand. Ruane and Krenkel
(1975) reported large numbers of Chironomids and Tubific -ids in the extensive• shoreline sludge banks from the confl uence of the North and South Forks down
to approximately River Mile 136. These sediment beds also support luxuriant
growths of aquatic plants. In the study reach (River Mile 142 - 136) these
consisted principally of 7 specIes of the vascular plants Heteranthera dubia ,
Potamogeton pectinatus, P. nodosus, P. crlspus, and Vallisner ia americana
were distributed mainly along the south bank of the river. Sediment nutrient
(nitrogen, carbon , and phosphorus) values are tabulated in Appendix A-7. COD
and ni trogen data are plotted in Figures 29 and 30 for the June and August
surveys , respectively. Metal concentrations are also tabulated in Appendix A-7.

Sediment Nutrients. COD and TKN data show increasing enrichment
proceeding downstream along the north bank and downstream of the outfalls to
Station 18. By contrast the south bank stations show evidence of decreasing
enrichment downstream of River Mile 139. The north bank of the river
between River Mile 140 and 138 would be the more likely to accumulate sediment.
Sediments along this bank show significant enrichment increasing downstream of
the effluents. This may be due to HAAP discharges. Munitions residues also
distribute along the north bank below Station 14. Al though nutrient levels
in sediment were higher along the north bank, the most luxur ious growth of
aquatic plants was distributed along the south bank .

- -  

Phosphorus was slightly higher on the north bank than the south,
however, no definite downstream trends were apparent for either survey. Nitrate
was distributed more or less evenly except for hi gh values (>2 ,000mg/i)
Imm ediately downstream and at the outfall for production lines 2, 3, 4, and 5.
These overall nutrient data correspond closely to those reported by Wapora,
Inc. (1975) for this reach of the river.

Trace Metals. A considerable portion of the elements resulting from
• cultural activities deposit into aquatic sediments. Primary among these are

metal ions ~áiIch may express toxic effects through bioaccumulation. Little

—A __~ - - _- _ __ — ~_•~._~__u__ - - . - ‘—  ~~~~~~~~~~~~~ ... _1 SA•... - •~~..s.. -~~~_ & .  ~~~ sh&~ - .a tsa.•. . - ...
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Nitrate (Station 10’ vs 20) June and
August, 1975, HAAP
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- - • is known about the fate and distribution of such materials although severa l
in-depth studies have been conducted. Iskandar and Keeney (1974), Holmes , et

-
- al. (1974), and Harris (~974) found that redistribution ot metals between
~ sediments and over—lying waters in lakes and estuaries occurs seasonally,

~ 
paralleling variations in pH, D.O., temperature, etc. in river systems pre-

~ clpitation of insoluble species and scavenging of metals by sorption to
~ 

. suspended particulates are two main pathways for river sediment enrichment.
~ Appendix A-7 tabulates the concentrations found in the Holston sediments in

June and August, 1975. As expected,lron and manganese ranged an order of
magnitude higher than the other metals . No trends associated wi th HAAP
discharges were apparent. Ranges of the various species are tabulated below :

- 

Concentrat ion Range
Element mg/kg dry weight

Fe 890 - 36,000
Mn l~0 - 2,500
Cd Below Detection
Cr~6 14 - 110

- Cu 2- 650
Hg <0.1 - 6.3
Ni 7-49- 

- Pb 8-990
Zn 33- 1 ,000

- High manganese and the consistently detectable lead are likely related to
- Tennessee Eastman discharges. Iskandar and Keeney (1974) were abl e to show

di stribution of copper, lead , and zinc in Wisconsin lake sediments related to
- cultural activities on the watersheds. Ranges for copper were 0 - 400 mg/kg;

lead, 5 — 160 and zinc 10 — 200, roughly similar to those found in the Holston
sediments. The Hol ston data also correspond to level s in estuarine sediments
(WAR , Inc., 1975). Data for lead , zinc , chromium, copper , and nickel are

- 
similar to those of Wapora , lnc.(l975) and the EPA (1972 , 1973a). STORET

- data covering the period 1966 - 1970 showed little mercury in the sediment.
Concentrations ranged from 0.2 - 2.7 mg/kg. The high value was observed in

— the North Fork. Mercury associated wi th the discharge from a chlorine
- manufacturing pl ant on the North Fork was the probable source for contaminated
-; sediments in the study reach. The plant is no longer operating and the

mercury In the WAR samples originated from sediment transported down the
North Fork. Therefore, the sediments in this reach should recover in the near
future from this envi ronmental stress.

- The environmental signifi cance of metal concentrations measured by- elemental analysis Is unclear. Elutriation (Keeley and Engler , 1974) and
anrion-lum acetate extraction measure the amounts leachabl e from the sediment

- interstitual water. The relative amounts of the various fractions available
or which can act on benthic organisms are undefined . Little evidence exists

— (WAR , 1975, Keeney and Iskandar, 1974) for blotic effects at the levels
reported In this study. HAAP discharges are unlikely to be responsibl e for
significant metal contamination of Holston River sediments.

Munitions. Table 5 presents munitions residues found in samples
- of sediment from selected stations in the Holston River. No RDX or HMX

65 
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TABLE 5

MUNITIONS RESIDUES IN HOLSTON RIVER SEDIMENTS, 1975

TNT (my /kg Dry Wt.)

June Augus t 
-

<0.1, <0.1, <0.1 <0.1

a <o.i <0.1

<0.1

a <0.1

12 2.6

13 - <0.1

14 0.2 <0.1 j
15 <0.1 

-

18 2.0 3.4

20 4.2 2.5

- I
*

. i
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above 0 2 mg/kg was detected Trinitrotoluene residues were found, however ,
In generally increasing concentrations downstream at Stations 14, 18, and 20
along the north bank . Significant residues were also present in the June
sample at Station 12 downstream. No south bank sediment contained detectable

- residues. This pattern is one which would be expected based on the mixing —

characteristics of the river and the sparing solubil-I ty of TNT in water.
Scour and redistribution of sediments might be expected to prevent build-up
of high concentrations such as the -600 my/kg observed at one station at

V Iowa Army Amunition Plant (IMP); (Weitzel, et al., 1975). Apparently, ROX
either does not deposit or precipitates In a region where other sediment does
not collect, thus being scattered downriver. ROX spikes added to test
samples were quantitatively recovered indicating the absence rather than —

indetectability of this residue in Holston sediments. Wapora , Inc (1975)
- 

were unable to detect TNT related residues wi th detection limits of >10 mg/kg
- for TNT or 2,4-DNT, and >5 mg/kg for 2,6-DtIT.

— 

- 
- 

The TNT concentrations reported may considerably underestimate the
- actual TNT related biotoxic residues present. Microbial breakdown occurs

- stepwise giving rise to dinitrated amines and hydroxyl amines such as 4
- 

amino-2,6-dini-trcjtoluene. Resistance of aromatic rings to attack is measured
by increased numbers of nitro-radicals (McCormick, 1974) and toxicity of
intermediate breakdown products may be as great or greater than the parent
compound. Weitzei , et al. (1975) were abl e to characterize a major TNT

- breakdown product in sediment at IAA P as a monohydroxylamino-dintrotoluene
which exhibited comparable biotoxic properties with TNT and further found

- -
~ concentrations of this daughter in sediments at times equal to or greater

- than corresponding TNT concentrations.

I,
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PERIPHYTON

Introducti on

The periphyton or °Aufwuchs ” community is an assemblage of attached
-

~~. 
microorganisms (primarily algae) growing on the free surfaces of submerged
substrates forming a slimy green or brown coating. The attached periphyton - 

-

coninunlty consists of an assemblage of both autotrophic (i.e. diatoms and
filamentous algae) and heterotrophic (bacteria, protozoa, roti fers , etc.) )

- 

- 
organisms . ~ 

-

~ Odum (1956) reports that under clear , clean water conditions, the al-
- gal component of the perlphyton coninunity can develop a large standing crop
~ (e.g. 100 gm dry wt/m’~, Silver Springs , Florida) and therefore represents an

- - ~ important food source for a wide variety of riverine organisms . As levels of
-
~

- 
~ organic pollution increase, algae are replaced by filamentous bacteria and

- 
I other non-chlorophyllous “consumer-type” organisms (such as Sphaerotilus)

~- ~ resulting in signifi cant increases in biomass—chiorophyl l ratios and the
~~

- 

establishment of a heterotrophic periphyton coninunity (Weber and McFarl and ,
~ ~ 1969).

~ Major factors which limit or control periphyton growth in riverine
environments are light , turbidity levels , temperature, current, nutrient ,

.
~ - and substrate availability . Current provides a nutrient supply and carries

~ 
away dead organic matter. Adequate light penetration is essential for pen-

I 
phytic algal growth. Turbidity affects periphyton production by limiting

~ light penetration.

- Temperature plays an Important role in regulating peniphyton algal
flora as optimum growth occurs between 15 and 25°C. Increases in ambient
river temperatures encourage the growth of Chlorophyceae, espec ially
Cladophora, with the Cyanophyceae reaching maximum development in warm waters.
Diatoms, on the other hand, tend to dominate during periods of low tempera-

- ture. Seasonal light conditions along with temperature also regulate pen-
phyton populations . This interaction may mask the direct effects of tempera-

- - ture.

Periphyton growth is also dependent upon substrate stability . Shift-
ing materials such as sand or small pebbles provide poor habitat for pen -
phyton In contrast to r icks or rooted aquatic vegetation (Hynes, 1966). The
periphyton coninunity lends itself well to biological investigations of water
pollution . These organisms remain at fixed locations and are sensi t ive to
changing environmental conditions. Their populations and blosnass are rela-
tively easy to quantify using standard laboratory procedures and are adapt-

— able to a variety of statistical analyses. When natural limiting factors do
- not exert overriding effects, peniphyton are excellent indicators of stream

nutrient status.

- A detailed study of the Holston River periphyton coninunity was conduc-
ted during the suniner of 1975 in the vicinity of the Hoiston Army Ammunition

- Plant, Klngsport , Tennessee. The purpose of this i nvestigation was to Investi-
gate and report the effects of ROX and other munitions-related compounds upon

- 
the Ho lston Rive r periphyton flora.

68
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Previous studies of the effects of munitions related compounds upon
: 

- natura l periphyton communities have varied widely. For example , Wapora, Inc .
(1975) surveying New River , V i rginia and the Obion Ri ver in Tennessee was
unable to correlate periphyton community structure with pollutant loading .
Field studies by Water and Air Research (1975) at the Longhorn, Texas andr Louisiana Army Ammunition Plants indicated no signif icant effects on stream

~ 

. periphyton due to munitions was te effluents. However , resul ts of Battelle
Columbus Laboratories (1975) on three munitions facilities (Badger Army
Ammuniti on Plant, Baraboo, W iscons in; Jol iet Army Ammunition Plant, Joliet,
Illinois; and Lake C ity Ammuniti on Plant , near Kansas City, Missouri) repor-
ted observable effects of munitions waste discharges on the periphyton corn-
niinity. Wapora , Inc .’s (1975) study of Lake Chickamauga , Chattanooga ,
Tennessee , reported differences in periphyton community structure in the area
of Waconda Bay in the vicinity of Volunteer Army Ammunition Plant waste dis—
charge. Weitzel , et al. (1975) observed shifts in periphyton species diver-
sity corresponding to variations in nutrient l evels and TNT concentrations in

— 
the streams adjacent to the Iowa Army Ammunition Plant.

- . Peniphyton studies conducted on the Hoiston River in the area of the
Holston Army Ammunition Plant have indicated various degrees of environmenta l
stress due to the discharge of ammunition wastes. Wapora ’s (1975) report on
the effects of munition wastes on the peniphyton community indicated that the
percentage of the populations present as diatoms was considerably lower on
the north bank as opposed to the other shore.

The U.S. Army Environmental Hygiene Agency (1973) reported that the
Hoiston River was “too polluted to allow a meaningful assessment of environ-
mental impact attributable to Area B (HAAP production area) effluents.” How-
ever , diversity indices showed no discernible effects from the nitric acid
production wastes or from effluent production lines (2, 3, 4, and 5). Water
quali ty and periphyton divers ity indices increased , however , downstream from
the confluence of the Hoiston River and Arnott Branch due to (1) reduction
in organic load due to dilution from Arnott Branch; and (2) reoxygenation of
the water caused by riffle areas downstream.

Stud ies in progress (Wa ter and A ir Resea rch , Inc., 1975—1976)~ on Lake
Chickamauga , Tennessee report impacts on per iphyton comunity structure and
biomass due to TNT, nitrite, and other associated munitions waste. Al terations

• In communit y structure were observable in watc’rs containing 100 ppb of TNT.
No effects were seen below this concentration.

Methods

Both natural and artificial substrate periphyton communities were
studied during June-July and August-September, 1975. Due to a lack of com-
parable natural substrates from which to sample , peniphyton collections made
with artificial substrates probably give the more reliable station to station
comparison . Standard microscope glass slides were placed in peniphyton

1Draft in preparation for Army Medical Research and Development Comand.
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samplers one inch below the water surface at eight selected HAAP locations
(Figures 2 and 3) according to the procedures outlined in Standard Methods
-for the Examination of Water and Wastewater 13th Edition (APHA, T971) and
Biological Field and Laboratory Methods for Measuring the quality of Surface
Water and Effluents (EPA , 1973). Table 6 presents a description of each
biological station.

The artificial substrates were incubated for 2- and 4-week intervals
during June—July and August-September, 1975 (for a total of four su veys).
Due to unusual flooding conditions duri ng the August-September 4-week sam-
pling period, a number of samplers were swept away leaving only one series
of glass slides wi thin the impact area. As a result , ana lyses of these sam—
pies were omitted.

-
-
- 

~ At the end of each incubation period , five replicate slides were re-
- ~ moved randomly from each sampler for the following laboratory analyses :

- ~ • Filamentous organisms
I - - ~ • Organic biomass (ash-free dry weight ) and chlorophyll a
- - ~ for the determination of an Autotrophic Index and net
-
- ; primary production

~

— 
- ~ • Diatom communIty structure

Filamentous Organisms. Attempts were made to examine quantitativel y
the filamentous algae component of the Hol ston River periphyton community .
Artificial substrates (glass slides) were incubated in the river for four
weeks duri ng June il-July 10, 1975. At the end of the incubation period the
periphyton slides were removed and preserved in five percent Formalin In a
light excluding sample box. In the laboratory the slides were scraped and
preserved in labeled sample bottles containing 50 ml of a 5 percent Fonnalin -~~

solution . Fi lamentous algae were Identified by the Utermohi (1958) sedimen-
tation technique utilizing a 50 ml plankton counting chamber and a Zeiss
inverted D microscope. Identifications were carried to species level where
possibleutil-Izlng the following standard references: Drouet (1968);
Prescott (1962); and Desikachary (1956).

Organic Biomass and Chlorophyll 
~~.

. Growth of periphyton on artificial —

substrates was measured as organic biomass (ash-free dry weight) and chloro-
phyll a (corrected for phaeopigments) after 4-week Incubation. Standard
procedures were used for asssesing biomass and chlorophyl l a levels as out-
lined below. Primary production estimates were made using ~hlorophyll a asindicated. These parameters were used to assess the standing crop of both
the autotrophic and heterotrophic components of the attached ’coninunity and
to characterize summer production levels In the Hoiston River.

Periphyton communities In unpolluted waters tend to be dominated by
algae, especially diatoms. The organic weight, or biomass to chlorophyll
ratio, in such coninunities approaches that of an algal culture , i.e. 50 - 100.
Organic pollution, particularly, causes an increase in the ratio due th in-
crease in the heterotrophic component (bacteria such as Sphaerotllus natans,
fungi , and protozoa) while toxic effects may decrease total mass of et~ther
hetenotrophlc component, autotrophic component, or both. 

-
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TABLE 6
DESCRIPTION OF HAAP BIOLOGICAL.

SAMPLING STATIONS JUNE-SEPTEMBER, 1975

Hoisto n River Stations
Station No. Ri ver Mile* Description

1 143.8 Four-tenths of i mile into the sluice
tribu tary to the South Fork at Long
Island . Bottom .‘~ad. Floating algal
mats on mud banks, intermittent Potomoge-
ton cnispus beds.

2 143.6 One and four-tenths miles up the South
Fork al ong the North Bank, 18 yards
upstream of the outfall at Edwards
Bridge.

4 142.6 Four-tenths of a mile up into the North
Fork. Rapid shallow wide river, bottom
large rocks.

3 142.4 Two hundred yards upstream of the
confluence with the North Fork along the
north bank.

48 139.8 North bank of Holston River approximately
350 yards upstr eam of first HMP munitiom
waste outfall; Bottom - fine sand.

68 (E)*~ 139.7 North bank about 180 yards upstream from
the first PIMP munitions waste outfall;
Bottom - clay , coarse sand and gravel ,
small amount of leaf l i tter.

6A (EE)** 139.6 South bank, upstream from the first HAAP
- 

- munitions waste outfall; Bottom - rocks ,
c lay and sand, with leaf l itter. Station

r -~ 6A was located In a luxuriant grass bed
comprised of Potamoqeton pectinatus, P.
nodosus, P. crlspus, and Vall isnerla
americana.
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TABLE 6 (ContInued)

0 Holston River Stations
Station No. River Mile Description

7 139.6 Outfall pipe dlscharge,production lines
6, 7, 8.

78 (F~ 
- 

139.6 North bank , 50 yards downstream of first
HAAP munitions outfall ditch; Bottom -

- anaerobic sediments, fine sand and clay,
leaf litter and sticks. Heavy growths of
sewage bacterium Sphaerotilus natans.

8 139.1 North of outfall ditch, production lines
2, 3, 4, and 5.

88 and 8Bi (H)** 139.1 8B - North bank immediately downstream
— 

from second HAAP mun itions waste outfall. -

88i - ten yards downstream from Station —

8B; Bottom - anaerobic sediments, fine J
sand and clay, leaf litter , sticks . Heavy
growths of Sphaerotilus , and blue-green
algae on exposed river banks.

14 139.0 North bank , 200 yards downstream from HAAP ...

munitions outfalls, north of island ; -
~~~

Bottom - black clay and organic matter, -
~~

leaf litter , anaerob ic sed iments . Heavy
growths of Sphaerotilus.

17 138.0 South bank , 1.1 miles downstream from the
two HAAP munitions waste outfalls; Bottom - - ,

clay, leaf litter, sticks and branches.
— Station 17 located in extensive grass beds - 

-

of Potamogeton pectinatus, P. nodosus,
P. cnlspus, and Vallisnenia americana.

18 (1)1 - 138.0 North bank, 1.1 miles downstream from
the two HAAP munitions waste outfalls;
Bottom - clay , mud, leaf litter,
Vall isne n ia amer icana , and P0 ton
cHilpus present on river ban n ow
dens ItTes.

- - 1  72 - -  
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1 TABLE 6 (ContInued) -

LI _____________ _____________ 
- 

-

Holston River Stations
- 

Station No. River Mile Description

10 137.95 Arnott Branch receiving wastes from the 
-.

- nitric acid area. Bottom type, large
rocks and debris. - - I -

20 (J)** 137.6 North bank, 0.3 miles downstream from
Arnott Branch; Bottom - shale , sand ,
and mud.

12 (K)~~ 136.5 Mid—river , 1.4 miles downstream from 
—

Arnott Branch; Bottom - sticks, leaf
litter, and organic detritus .

Ii
LI

fl

-, 

1 I j MJ .S. Geologi cal Survey Rl vt r Miles .
~ Correspond1ng station stu died by Smock and Stoneburne r (1973) .
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The levels of periphyton biomass, therefore, serve as an overall index
of biological activity in the producer and decomposer compartments as influ-
enced by environmental conditions. Weber and McFarland (1969) have examined
artificial substrate data from a number of environments, both polluted and
unpolluted , and arri ved at an “Autotrophic Ratio” of 100 or less as being
indicative of clean water conditions .

Five replicate slides were rehydrated for 15 minutes for biomass
determination with accumulated material scraped from the slide and resuspen-
ded in 50 ml of distilled water. Twenty-five ml was preserved with Formalin
for species Identification and quantification; the remaining half of the
suspension was col lected using a tared fired glass filter (Gelman, GFA) , the

s~

_ _ 
ash free dry weight determined (Standard Methods, 1971), and converted to
grams of organic matter per square meter as as1~ free dry weight. j

2 (2) (gms Ash Free Dry Weight)
gm/rn 20.00375 m /slide

Net production based on biomass accumylation was calculated by con-
verting organic bioniass to equivalent carbon’ then dividing by the incubation

~~~
- 

~ 
period.

i
— Five replicate sl ides were collected for chlorophyll a, placed in 50

ml of 90 percent acetone - 10 percent saturated MgCO3 solution and immed i-
ately stored in the dark at -20°C in dry ice. Prior to analysis , slides were
scraped and the acetone suspension ground 30 seconds at 500 rpm in a Potter
type tissue homogenizer. - -

Chlorophyll a, corrected for phaeophytin ,was determined fluorometri-
cally after the met~ods of Yentsch and Menzel (1963), Hoim-Hanson, et al.
(1965), Lorenzen (1967), and Moss (1968), using a Turner Design Mode l 10
fluorometer. The reference solution used was spinach chlorophyl l standard2
cali brated oy spectrophotometric chlorophyl l analysis. Chlorophyl l break-
down products, phaeoplgments, cause a positive interference. Acidification
of chlorophyll a converts it quantitatively to phaeophytin. Reading the
fluorescence beTore and after adding one drop of iN HC1 to the sample cuvette
allows calculation of an acid factor related to the interference. Chlorophyll
a was calculated as fol lows:

-

~~~~~~~~~~ Chlorophyl l a (weight/area) a ~~~~~~~~~~~~~~~~~~~~

where: Ru fluorometer reading before acidifi cation 
—

Ra = fluorometer reading after acidi fication
Ru stdr Ra std

F f_ca__ 1 Idilut ion of standard fluorometer
iRu stdJ LdIlution of standard spectrophotometer

Ca a Actual chlorophyll a concentration In standard
determined spectropEotometnically.

~Gram organic matter (2) (grams Carbon), Odum, 1971. j
Sigma Chemicals , St. Louis , Missouri , Product.#C5753. 
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~~t ~ 11 Net primary productivity based on chlorophyll a accianulation on slides was

~
-1 

- co~~uted for the 2- and 4-week incubation In ta~,ns of grams carbon per square
: i  meter based on a chlorophyll to plant carbon ratio of 60 (Parson and Strick-

~! . land, 1968).

; 
I [Chlorophyll ~~. (gm/rn2)] [60] 

a 
Net Primar,~ Production

-
-

~ I ~ ~ 
Days Incubated (gm C/me/day)

-: ~ ~ Autotrophic Index. The autotrophic index (Weber and McFarland , 1969)
- Indicates the rQTative composition of the developing periphyton community.

- This ratio is expressed as:

-. ~ Organic Biomass (~u/m2)
- ~ 

Chlorophyll a (gm/rn2)

and has been used to indicate organic pollution and effluent toxicities. The
numerical value of this index increases with an increase in non-algal or het-

~ erotrophic blomass and decreases with Increasing algal biomass. Systems re-
- ceiving Inputs of organic materials will show elevated heterotrophic biomass

. and thus a higher Index due to proliferation of attached bacteria and pro-
- tozoa. Nutrient enriched or autotroph dominated systems on the other hand
- wil l approach autotrophic indices Of 100-500 (Weber, 1973a) reflect ing the

ratio of chlorophyll to plant carbon. An autotrophic index greater than 100
indicates organic pollution , less than 100 “clean water ” conditi ons (Weber ,1973b) . 

- - 
- Diatom Community Structure. In terms of cost effectiveness and in-

I formation content, the diatom (Bacillariophyceae) component of the periphyton
- 

- - co~~inity represents the most Important group of algae studies in generalwater quality monitoring surveys. Cairns, et al. (1972) report that other
groups of algae (e.g. Cyanophyceae and Chlorophyceae) are sensitive to pollu-
tion strcsses but the difficul ty and high cost of identifying them to the
species level by axen ic culturing methods (Archibald and Bold, 1970) pre-
cludes their use In most field monitoring studies .

Diatom cel l density estimates (cells /nm 2) were determined by the fol-lowing methods. Periphytic diatoms were collected from artificial substrates(glass slides ) after 2- and 4-week incubation periods and were air dried inthe field in individual 1abe1~d plastic containers. In the laboratory, eachslide (total area Of 3,871 mm’) was scraped wi th a razor blade i nto 50 ml of
distilled water. Diatom frustules were “cleaned” for microscopic examinationby plpetting 10 ml of the algal suspension into a labeled beaker containing10 ml of hydrogen peroxide. This solution was gently heated to 93°C (200°F),
and approximately 60 mg of potassium dichromate oxidized the organic material

— wi thin the diatom frustule. The solution was cooled and centrifuged for 15
minute s , decanted and brought to a volume of 25 ml (2.5 times the original
volume of 10 ml). The 2.5 fold dilution was necessary so that permanent
slides would have a distribution of 10-15 organisms per field when magnified
1250 diameters .

- Permanent diatom mounts were prepared by pipet~1ng 0.4 ml of theI “cleaned” material onto a 18 x 18 in coverslip (324 nut’) and allowing the

- 
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~ ~ sample to dry at 65°C (150°F) on a laboratory hot plate. The dried coverslip
was placed on a microscope slide containing several drops of HYRAX mounting
medium (refractive index , 1.71) and the slide was gently heated to drive off

- 
the toluene solvent. Under an oil immersion lens (Zeiss microscope, l250X)

- diatoms were identified and enumerated to the species level where possible
~ -

, utilizing the following standard taxonomic references: Hustedt, 1930, 1962;
~~:- Cleve-Euler, 1952; Schmidt et al., 1987-1959; Huber-Pestalozzi , 1942; Hustedt,

;-: - 1930, and Patrick and Reimer, 1966.
~: ~ Diatom cell densities (cel l s/nm 2) were estimated by performing 30 field
~ counts while scanning the slide from left to right (15 field counts) and from

top to bottgm (15 field counts). Each microscope field represented an area “-

~ of 0.038 nut’, with a total area examined of 1.14 nm 2 (0.038 nut’ x 30 f ield
- ~ 

counts). Cell densities were estimated using the following formula:

~~

~: Total Area Original Volume
~ I of Cover~llp of Periphyton 

~il ~- 

; 

Cells’imt2 — Diatom x (324 nm’) x Suspension (50 ml ) x ~Fa~~o
on

F ~ Counts Total Area Volume of Sample ,~, 
~~~~

- Examined Dried on Coversllp ~~...‘ i’
- 

~ (1.14 nmn2) (0.4 ml )
Orig inal Surface Area

of Sl ide
(3,871 mm2)

. In an effort to compare diatom populations from station to station ,
T~

- 
~ cell density estimates were used to calculate community indices such as: the

I Shannon-Weaver Species Diversity Index (if), (Shannon and Weaver, 1949;
Margalef, 1968) to the base e; and the Shannon Evenness Index , J (Pielou,
1966). In addition , stations were compared by measuring the degrees of
similarity between species associations at different stations utilizing
Sorensen’s (1948) coeff icient of sim i larity, and the Pinkham-Pearson (1974)
Index of Biotic Similarity (see Computational Methods for detailed explana-

- tions of the above indices).

Collections of periphytic algae were al so made from natural substrate
materials. In the Holston River , natural substrates such as rock , submerged

- -- 1 ! logs, or aquatic vegetation were not readily available at each station for
• the collection of periphyton. As an alternative measure, short cores were

-
- 

- 
made of extensive blue-green algal mats occurring on the north bank of the
Holston River during June, 1975. Mats were uniformly sampled utilizing a
simple PVC pipe coring device (3.0 cm diameter). Filamentous algae were
preserved in 5 percent Formalin solution. Since only the diatom component
of the mat was to be considered, the samples were oxidized utilizing the
hydrogen peroxide -potassium dichromate “cleaning ” procedure previously

I described for processing artificial substr9te periphyton samples. No attempt —
was made to quantify cell densities per nun’ as the surface area of each fila-

- - mentous algal mat was unknown. Approximately 500 diatom frustules were
coun ted and identified per sample in an effort to determ ine diatom community

1 structure on a qualitative basis.
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- Presentation of Data

Seven species of filanientous algae and 114 species of diatoms represent-
ing 31 genera were recorded from the HAAP artificial substrate sampling sta-
tions. Tables 7-if) show all diatom and filamentous algae species recorded
during the study period incl uding cell densities and distribution patterns
among stations.

~1 ~ In addition to artificial substrates, a selected number of natural
- ~ substrates was also analyzed for diatom community structure. Table 11 pre-
: ~ sents a l ist of the diatom species recorded from the Hoiston River natural

substrates. Two other biological parameters, periphyton biomass and
•I- chlorophyll a, were quantitatively monitored for the determination of an
~ ~ 

autotrophic Index and net primary production.

Filamentous Organisms. Attempts to quantify periphytic filamentous
organisms on a per unit area basis by the use of a number of standard count-
Ing techniques and apparatus (i.e. Sedgewick-Rafter counting cell , inverted
microscopic counting cell) were generally unsuccessful. Most filamentous
species occurred as clumped material with the ends of filaments firmly em-
bedded within detrital particles or occurring as part of the large thallus
of the green algae, Stigeoclonium tenue. As a result, filamentous organisms
were qual itatively examined on the basis of presence-absence criteria. Table
10 provides a l ist of the most common filamentous species encountered at each
of the stations.

— 

Wi th the exception of Station 12, the most abundant filamentous or-
ganism observed at each station location was the pollution resistant green
algae, Stigeoclonium tenue. At a number of stations this filamentous species
li terally covered the entire slide wi th its prostrate thallus and irregularly-
branching filaments. Westlake and Edwards (1956) report S. tenue as a charac-
teristic algae of waters rich in nutrient salts , especially in the presence
of an abundant supply of nitrates. Blum (1957) identified S. tenue as a
summer dominant In association wi th the sewage bacterium SpEaerotiTus natans,
occurring below organic pollution outfalls In the Saline River , Michigan.
Butcher ’s (1947) studies of European river systems noted the replacement of
a wide variety of normal eutrophic river algae dominated by Cocconeis,
Ulvella , and Chamaesi hon species by the pollution tolerant species
Stigeoclonium tenue, honema parvulum, and Nitzschia palea.

~~
- -

~ Large populations of Stigeoclonlum dominated the algal flora at both
the upstream reference stations (48,6A,6B) and the impact stations 7B through
20. 5. tenue populations were greatly reduced at Station 12 and may indicate
a partial recovery from upstrea. pollution . The presence of this pollution
“indicator species” at both the reference and impact stations suggests that
the Hoiston River supports a relatively large population of pollution resis-
tant filamentous algae characteristic of nutrient enriched waters. This
statement is supported by the chemical data collected during the June pen -
phyton incubation period where nutrients aver~iqed about 0.8 mg N03-N/1, 0.1
mg Total-P/i , and 9.0 mg b C /i at the reference stations 4B, 68, and 6A.

The high levels of nutrients and associated poor water quality in this
stretch of the Holston River may be attributable to a number of upstream
point source effluents contributing heavy loadings of BOD and TKN. Recent
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TABLE 10

PRESENCE-ABSENCE DATA FOR MICROBIAL ALGAE SPECIES RECORDED
FROM HAAP ARTIFICIAL SUBSTRATES, JUNE, 1975

— — — — — — — — —Species Observed 4B 6B 6A 7B 8B 14 17 18 20 12

Chi amydobacteriales

Sphaerotllus natans X X X

Chlorophycea e

Rhizoclonium 5p~ X 
I 

-

Stigeoclonlum tenue X X X X X X X X X

Cyanophyceae

Microcoleus iynbaeceus X
Oscillatoria submembranceae X X X X X X X X X X
Schizothrix arenania X X X X X X X
Schizothrix calcicola X X X X X X X X X X
Schizothrlx mexicana X X

Protozoans

Carchesium polypenium X X X X X
Epistylls sp. X X X X X
Yorticella sp. X X X -

_____________ 4.- 
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TABLE 11

DIATOM TAXA OBSERVED ON HAAP NATURAL SUBSTRATES.
JUNE SURVEY (CELLS/MM2)

Counts Based on Pooled Renlicates
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: ~ surveys , by the Department of the Army (1974) and the USEPA (1973) have
Identified these sources as the HAAP production area A SIP; the Kingsport
municipal SIP; the Tennessee Eastman Company (including toxic materials such
as tnichlonobenzene, trich loroanhline, and the heavy metals , zinc and man-
ganese); Mead Papers; ASG Industries, Inc.; and the Penn-Dixie Cement Con-
poratlon.

- 

. 

At the HAAP effluent outfall stations (7B, 88 and ‘14) the dominant
filamentous organism was Sphaerotilus natans. Chemical data indicate that
these stations were receiving high Tèvels of carbon and nitrogen , which may
be responsible for the luxuriant growths of Sphaerotilus. Hynes (1966) re-
ported S. natans to occur below organic pollution outfalls with similar
massive growths. Lackey and Wattie (1940) report this organism to flourish
in the presence of organic and inorganic carbon or nitrogen . Liebman (1953)
indicates that it thrives where amino-acids are present from protein break-
down, especially when mixed with carbohydrates as in the effluents from
sugar factories , brewer ies and da~iries.

Significant increases in heterotrophic biomass and the establishment
of a Sphaerotilus dominated periphyton community at Stations 7B, 8B, and 14
are probably the result of extensive carbon enrichment from the HAAP waste

• 
pr luct, Cyclohexanone. Odors of this organic chemi cal were readily detected
near the outfall pipes at Stations 7 and 8.

Another common organism of the Sphaerotilus-Stigeoclonium flora found
at Sta tions 7B , 8B and 14 were the colonial stalked protozoans Carc hes ium
po~ypenium and Epistylis sp. Hynes (1966) reports these species in organi-
cally polluted water, particularly where there are large populations of
bacteria wi th a good supply of oxygen. These are known to be important
constituents in activated sludge and trickling filter systems and commonly
occur downstream of STP outfalls. It should be noted that both of
these species were observed at the upstream control stations , 4B and 6B,
and may be responding to STP effluent.

In addition to Stigeoclonium tenue, five species of blue-green algae
• (Cyanophyceae) were common components of the peniphyton . These included :

Microcoleus lynbaeceus
Osci lla tonia submembranceae
SchlzothrT~~arenania
Schizoth,9i calcicol a
SchizothrTi mexicana

The presence of substantial Sphaerotilus growths along with sewage
tolerant protozoan species indicates a major shift in fi lamentous peniphyton
community structure at the HMP effluent stati ons. Conti nuous car bon and
nitrogen enrichment such as TOC, TKN and N03-N appear to stimulate the
production of lush growths of nuisance ’ sewage bacteria and associated hetero-~trophic organisms. Total populations of chlorophyll bearing spec i es are
greatly reduced with the establishment of a predominately “consumer-type”
flora and fauna .
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- ~ Organic Biomass and Chlorophyl l .~~~~ Assessing the impact of munitions

- ~ wastes on periphytic production in the Holston River was complicated by (1)
extreme variations in daily flow due to intermi ttent discharges from Fort
Patr ick Henry Dam, (2) the mixing of the North Fork in the waters of the
South Fork of the river , and (3) upstream loadings from domestic and indus-
trial discharges. The chloride and hardness data collected during daily flow
variations in the South Fork indicated a widely fluctuating chemical environ-
ment. The chemical data showed that mixing of the North Fork and South Fork
waters is incomplete between the upstream HAAP operating lines and Arnott
Branch.

The discharge concentrations of munitions residues , reduced nitrogen
compounds, organic solvents , and nitrates were highly variable. In addition ,
reduced nitrogen compounds, organ ic matter and RUX waste were di scharged from

~ S the upstream outfalls of Stations 7 and 8 while Arnott Branch , Station 10,
primarily receivQd nitrogen compounds from the nitric acid manufacturing area.
Ilunition effluents discharged at Station 10 were an order of magnitude less•1 than at Stations 7 and 8.

S Water qual ity analysis ind icates that the major impact of munitions
~I 

was tes should occur at Stations 14, 16, and 20 as the current transports these
~: I ‘ effluents along the north bank. Loss of periphytometers due to floating de-

I • bris and turbulent flows in the Impact area during the August-September sur-
~ ~ vey created problems in establishing an adequate data base. Much of the

4 
interpret Ive work had to be based on the June-July, 2- and 4-week collec-
tions. Figures 31 and 32, and Table 12 plo t chlorophyl l a and Autotrophic
Index values at the various biologic al sampling stations during June-July.
The complete data base is tabulated ‘in Appendix B.

Table 12 presents mean values for chlorophyll a and biomass. Consider-
ing only the 2-week biomass data , a trend toward higher levels in the general
area of impact is suggested. No differences can be observed in the 4-week -~~~

incubation period . Interpretation of biomass and plant pigment data can be
masked by sloughing of periphyton from the glass slides and this particular
problem may reflect the lower biomass of 4-week growth . However, there are
trends which indicate a rapidly developing heterotrophic comunity , espec ially
in parts of the Impact area receiving organic carbon .

Field observations indicated heavy growth of Sphaerotilus natans in
the impact area of Stations 7B, 8, and 14. These increases in heterotrophic - .

biomass and high autotrophic indices at the outfall stations are probably the
result of extensive carbon enrichment from cyclohexanone. Odors were readily
detectable at Station 8. The low biomass at Station 17 indicates that little
Impact occurs between 6A and 17. Wastes from production lines do not af- Jfect the biol ogical comunitles on the south side of the river. Autotrophic
ind ices were reduced from 280 to 140 at Stations 20 and 12 indicating some
recovery from carbon enrichment.

The results of the June-July 4-week i ncubations show that biomass was
greates t at 6A , 68, and 4B, and was higher than the impact stations 14, and
18 and the cross stream Station 17. Downstream at Stations 20 and 12., a
general trend of decreasing biomass was noted , which was possibly influenced
by the munitions wastes being discharged from Arnott Branch. Chlorophy ll a
data also illustrate a similar trend. I 
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Rates of organic matter acc umulation , or periphytic net commun ity
prodyction, ranged from 0.04 to 0.41 gmC/m2 day ’ wish a mean 0.12, grnC/m2day I (Appendix B). A similar rate, 0.07-0.21 gmC/m’day l was found by
Wletzel, et al. p975). Rates of autotrophic accumulation were comparable
to relatively unproductive attached systems (Odum , 1971 ; Jones , et al., 1973).

- 

• 

The chlorophyll ~ and biomass data suggest several conclusions regard-Ing the growth of these attached communities. The presence of carbon en-
rlchment from organic solvents in combination with nitrogen discharges from
Stations 7 and 8 stimulate the production of a heterotrophic, nonch lorophy llous: pr i phyton coninunity at Station 14. There is suppression of autotrophic pen -
phyton immediately below the production outfalls at Stations 7 and 8, compared
to downstream stations.

Artificial Substrate Cell Densities. One of the first effects of
pollution on periphyton cosinunity structure is to change the colonization or

- ~ reproduction rates of diatom populations (Patrick, 1967). As a result, cer-
- ~ tam species may not be able to reproduce and may become extinct, whi le more

tolerant species become more common because of less competit ion for nutrients ,
space , and a reduction in predator pressure .

In an effort to ascertain the effects of munitions waste discharges
on the HAAP periphyt~n community, diatom cell densities (cells/nW ) weredetermined for 2-week and 4-week Incubation periods during June-July, 1975
and the first 2 weeks of August. Data for the last half of August were
unavailable due to loss of periphytometers. After the initial colonization
by pioneer species, the density of live diatom cells on glass slides
increased to 10,500 cells (1 5600 cells) per nm2 in 28 days.

Figures 33, 34 and 35 plot mean cell densities and species diversity
indices for the June-July and August 2- and 4-week incubation periods. In
addition ranking of stations according to cell numbers is presented in
Table 13. The data show higher diatom populations during the first 2-week
period at stations upriver and on the opposite bank from the HAAP discharge.
Stations 14, 18 and 20 which are located in the impact area have signifi-
cantly reduced populations. These trends continue to be seen in the 4-week
data and into the first half of August. Probable causes for these events
are a heterotrophic metabolism from carbon enrichment and a toxic reaction
from HAAP wastes.

Diatom Community Structure. A total of 114 species of diatoms repre-
senting 31 genera was recorded from the Hoiston Ri ver artificial substrate
samplers. Diatom assemblages throughout the study period were characterized
by the following common to dominant species:

Ac hnanthes minutiss ima
Coccoconeis placentula v. eu~1yptaGomphonema intnicatum v. pumila
Cymbella sinuata
Gomphonema angustatum v. producta
Gomphonema parvulum
Navicula cincta

— Rhoicosphenia curvata
- 

- - Stephanoidiscus s~~T (Near S. invisitatus)

_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V

a as~g (ii) £~ saaA !Q saL3a:JaAQa~-uouueq5 —

I
4.5 4~ 4~ I I.a.I I— - ‘~ 

- -

f 1
~~~~~V U  S Ul.) I C_i

I
I

~~C ‘— C C  I
> 5 5 5 5 5  5 5 5 5  1 —~~~~-4) 1.1. I n 1 . 1 .  1 50 —

. I— ,— 51 I_ I— I ?— 
~~~r us .

~~~
~~~~~~ ~~~~~~~~~ I
5 1 C C  ,~~C C  1 51)0
> 5 5 5 5  U ) 5 5 5 5  I
.
~~~ ~~ C ~~ I La.’ VS

55 I
.~~1.C ~~~~~~~~~ ‘a

V5 4J 4J 4 ) 4~ I
5 1 1 . 3  ‘— 1 . 3  ‘a

~‘ — 0 0 — — 0 0  I In
- • V ~~~ 51) 51 5/) I Iii ~~51 5.,) 1-: 0.11 II H N 0 ~iL&I

-

-

Ii

- -  

x (~uuI/s [ LaD) saflisuaD L La3 WO3Q~~.Q

-~~~~~ - - - ~~ .. - 

89 
~~~~~~~~~~~~~~ ___________ __________________



I~~~~~~~~~ • ~~~~~~~~~~~~ II~~SI.I .
~Ij515 ~~~. 1 ~~ ~~~~~ - I -

a as eg
(~~) 

£~~s.aa~~j sap.d~ Ja~eaM-uouueqs
In 0 In 0 in

I I I . .
C\1 1J — — 0 0

-I
5’
5- __ 

0 - 
-Cl.. u1 4-~~~ 

—V SXus

~~~O U s — U lJ In
~~~5 1 5 1  5151 41 W L U

C C ’. - C C  In5555
C 4)1.1. ‘%.

~~*-I-. 511-I— ‘5.P . 5  14) .
~~~us (4 

~~~~~~~ 4S~~~~~~~ )- Lii
5- 5- W C C~~ r . 1C C  •-.I—V55 ~~~~~~~~~~~~~~ ~~~~~~ V VS0 51
4) -CC 0 CC iii U.’

~n 4J 44 4.54.5 V0 51L~~~~~~ 1.3 V ~~~~~~~
- 

\4) 41 C_i Vus ~ .N N II II V
- . 0

4.’ F Cs.’55 /

~s p..’ /
.5- ‘S I.—

,
~ / 0 a4) 1... I

.5- 
~~~
5- <U.’

~~~~ 

“
N

N.

x (
~~

fl/SLL 3) SaI2~SUa0 [[p3 WO2~~~~~0

~ 

---~~~--- --- -- —---~~~
- -- - - -- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



_________________ 
~..- 

- - ~~~~~~~~~~~~~ I~~~~~~~~~~~~~~~~~~~ ___________

11
a ase~

(~3) c;~SJaA~~J sapad~ JaAQaM-u0uuvq5
U) 0 IC) 0 In

(‘4 (5.’ 5- 0 0 0.
1W— _________________________________________

5.0 1 I I
—• -~~ 0

(‘4 4 — Cl.) Li
- - F 1 —

I I I __
•1~ I 1 5=
us

4)4)5-4)4) -‘

~~~ U U . - U U  V S L U
. 5 1 5 1  5 1 5 5 4 5  w w

5._i U’)
‘-s In

(050 ow
0 4~~1.1. 145. 1.1.

I— I— 511—I- — ~~us i~- us .,- LU
- 

- - 5— 5’) ~ .54’ .g 4) .~~~ .~~~ >- I-
5- 5- W C C ~~~r - C C I-
55 >55 (5 I n 5 5 5 5  551 a

C In
4) ~~ 0 51 ~~~W
3 - .C .C 0.C .C u.’>
O 145 .4 )4 )  4.5 4.5

5 1 1 . 3 r — 1 3
51 •~~~0 0 ~~~~~~00  0
4) U ZV )  51Z V)
us 51 1.) I n 0

0.N N N II Lii i—.
11) E~~~~.. • 0

£ .0 o.v
us 0
C Co 5/)
.~~~ 0 a
4’
.5- ~~~LU
C ~~~~~~~~~~ us <LU

C ~~~
- F 0 3  • • __ 0 1

;C’~~ C~J

C <
- 

-
~~~ (1) (1) N.

- - us
51

La.’

x
1.
51
> ~~<.5.. I-

— a
InU)

C ~~~W
0 WI—
4.5 0
us 0

• p.- . _j I-
0 p . 05. ~~

. ...J I n
5- 5’) — — LU ~~

9
0L X (~~u/s(La3) sa~~Isuaa ua3 wo~e~ij

I— 



V - -. -
~~

-
~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ,3~~~

__ ’ -

TABLE 13

RANKING OF STATIONS ACCORDING 10 DIATOM CELL DENSITY

Rank June (2-week) June (4-week) August (2-week)

j7* (6737)** 17 (20,733) 6B (23,566)
2 4B (4894) 48 (15,568) 7B (18,590)
3 6B (3747) 12 (12,929) 8B (8,661)
4 6A (3126) 68 (10,753) 48 (8,124)
5 18 (1552) 6A (7,369) 12 (4,746 )
6 12 (1570) 14 (6,718) 18 (2,754)
7 14 (972) 18 (6,134)
8 20 (699) 20 (3,860)

ANOVA F value 24.8 5.4 18.5
F (0.01) 4 1  4.0 8.8

*Statjon Number

I - 
**Cell Counts/nm 2
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HAAP periphyton were primarily dominated by the following species
associations during the June 2-week Incubation period . Cocconeis placentula
var. euglypta (43 percent), Gomphonema intricatum v. pumila (21 percent) and
Achnanthes minutissima (14 percentj. EarT~ studies by Geitler (1927) m di-

— cate that Achnanthes and Cocconels are usual ly the first algal forms to
colonize glass slides. This is probably an indication that these species
are not particularly selective about their substratum requirements. Collec-
tions during the June-July 4-week incubation period indicated several
shifts in dominance as is presented in Appendix B, Tables B-5 to B-12. At
Stations 4B, 14 , 17 and 18 A. minutissima was the dominant spec ies during
this period (40 percent) fo11o~~d by C. placentula v. euglypta (21 percent)and G. intricatum v. pumila (14 percent). However, a population shift in
dominant species was noted at Stations 12 and 20: G. intricatum v. p~mi1a
replaced A. minutissima. G. intricatum v. pumila represented approximately
45 percent of the population at Station 12 and 20 followed by A. minutissima
(27 percent) and C. placentula v. euglypta (17 percent).

The shift in diatom dominance observed below Station 18 during the
June-July 4-week sampling period correlates with the reported increases
in N03-N and RDX effluent entering the Hoiston River from Arnott Branch.

During the August-September 2-week sampling period a shift in diatom
dominance and community structure was observed at the impact Station 7B and
8B and 18. The reference station co-dominant species, Cocconeis 2]acentula
v. euglypta and Gomphonema intricatum v. pumila were replaced by a diatom
species tentatively identified as khnanthes sp. A--ranging in relative
abundance from 41-56 percent at the impact stations. However , by Station 12,
diatom dominance was again shared by the normal river flora (i.e. Achnanthes
minutissima and Cocconeis placentula v. euglypta)--which may indicate a re-
covery trend. The major changes Tn diatom domTnance observed at the impact
stations correlates with high levels of ROX , N03-N , TKN and TOC being dis-
charged from the HAA P effluent lines . See Appendix B, Table B-i for data .

These data illus trate periphyton response to munitions wastes by
reducing the reproduction of the dominant diatom species, while favoring those
species more resistant to high N03-N, and RDX concentrations. As a result ,

-: tolerant species increase. Patrick (1967) states that population increases
in tolerant species may also be caused by the elimination of predator pres-
sure (i.e. grazers) or by reducing the desirability of the food source to the
predator.

The trophic level status of the common species recorded indicated a
eutrophic diatom assemblage, characteristic of waters containing high nutrient
concentrati ons. Butcher ’s (1947) study of glass slide diatom communities in
European river systems reported Gomphonema p~rvulum and Coccone is placentul a
v. euglypta as eutrophic diatom species associated wi th organic pollution .
Scheele (T952) reports A. minutissima to be tolerant of a wide range of en-
vironmental conditions. Hustedt (1938) concludes that A. minuti ssima is one
of the most cosmopolitan species known. Cholnoky (l968J states that this
taxon is an indicator of waters containing a high dissolved oxygen content.
Lowe (1 974) citing Jorgensen (1948) reports G. intricatum v. pumila and 
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Rholcosphenla curvata to be associated wi th eutrophic water quality c~’n-ditions. Stephanod i scus invisitatus is recorded as a eutrophic water
diatom species by Lowe and Crang (1972). The eutrophic status of the
Hoiston River Is further supported by the nutrient data collected during
the June-July and August-September surveys where mean N0

3-N and Total-Paveraged about 0.8 mg/i and 0.1 mg/i , respectively.

In an effort to compare the diatom assemblages present at each
station, the following biological Indices of community structure were
utilized: Shannon-Weaver Species Diversity Index (Pellou , 1966);
Sorensen’s (1948) Coefficient of Similari ty, and the Pinkham-Pearson
(1974) Index of Biotic Similarity . For a brief review of these Indices
refer to the Computational Methods section.

Species diversity indices were relatively low throughout the study
period (Table 14). The mean values ranged from 1.14 to 2.53 wi th an
overall mean of 1.88. In general , stations located on the south side
of the river (Stations 6A and 17) and near outfalls located on the north

• 
. side of the river exhibited higher species diversity indices .

Data col lected from Stations 14, 78 and 8B indicate that RDX and
muni tions residues had relatively little effect on diatom species diver-
sity (H) and numbers of species. As noted previously, significant growths
of Sphaerotiius and associated sewage protozoans were noted here. A high
autotrophic index reflected the heterotrophic nature of these stations.

Coefficients of similarity (Sorensen, 1949) were high between up-
stream and downstream stationsand most values exceeded the arbitrary 0.50
“significance ” l evel reported by Cairns (1972). Tables B-l6 , 8-17 and
B-18 present the station-to-station similarity coefficients for HAAP
artificial substrate diatom coninunitles.

Lowest similarity values recorded during the June-July 2-week and 
- 4.

4-week sampling period were between stations 6A/20 and 68/17. Similarity
differences appear to be the result of a shift in diatom species dominance. .1
At Stat ion 20, there was a significant decrease in the diatom species
Achnanthes minutissima , Gomphonema intricatum v. pumila, and Rhoicosphenia
curvata. Station 6A experienced a population increase in the diatom
Gomphonema angustatum v. producta. These shifts in diatom dominance may
be attr ibuted to differences in the chemical environment. RDX , chloride
and nitrate concentrations were significantly greater at Station 20.
Similarity coefficient differences between diatom assemblages at Stations
6B and 17 may be attributable to the intolerance of many species to high
chloride and specific conductance levels reported along the north bank of
the Hoiston River.

The highest coefficient of similarity during the study period was
recorded between Stations lB and 8B (0.82) duri ng the August-September 2-
week incubation period . Lowest simi l arity was between Stations 7B/12 and
8B/l2 (0.435) which was probably due to a reduction in total number of
species at Station 12 and the dominant diatom , Goniphonema intricatum v.
pumila. Stations 78 and 88 both had 50 diatom specie~ iiid was dominated
by Achnanthes sp. A.
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1
As an additional analysis, the Pinkham-Pearson Biotic Similarity

Index (1974) was applied to the diatom data. Tables B-19 - B-24 present the
results of station-to-station comparisons of biotic similarity . Phenograms
using data from artificial substrates are illustra ted in Figures 36, 37, and
38. In these analyses , it was considered unimportant if a particular species
was mutually absent at two stations. Therefore, 0/0 matches were given a

• value of zero (mutual absence, unimportant).

The June-July 2-week phenogram (Figure 36) indicates that Stations
48 and 68 are at a high level of similarity and they appear to be inde-
pendent of most downstream stations in terms of species compositi on and
abundance. Stations 4B and 66 are located upstream from all munitions
waste pollu tion and are reference stations. Stations 6A and 17 (south

• bank of river) cluster at a relatively low level of biotic similarity
with other stations. Since these stations were affected by a different
chemical environment (I.e. lower chlorides ) and were generally out of the
zone of RDX-NO.~-N infl uence--Stations 6A and 17 served as secondary
reference stations to characterize water qual ity conditions on the south
bank of the river.

• 

0 A major mun itions waste input was Arnott Branch , located between Sta-
• tions 18 (upstream) and 20 (downstream). The phenogram (Figure 36) shows
• Station 12, located further downstream to be sim i lar in species compositi on

to station 18. Diatom assemblages at Stations 12 and 18 are more similar
to each other than to Station 20 located between them in the zone of highest
potential impact . Apparently, the effects observed at Station 20 do not
persist as far downstream at Station 12. In terms of cell numbers per
species , the diatom flora at Station 20 Is reduced and does not cl uster
directly with the other downstream stations. The reduction in diatom cell
densities may illustrate growth Inhibition attributable to munitions waste
discharged from Arnott Branch. Coefficients of similarity utiliz ing presence-
absence data or the Shannon-Weaver (IT) Index do not reflect the subtle
uniqueness of the restricted diatom flora at Station 20.

• Figure 3.7 presents the phenogram for the HAAP periphyton June-July
4-week incubation period , whi ch illus trates a somewhat di fferent clus teri ng

• of stations In comparison with the 2-week sampling period. Stations 4B and
6B are again highly related but during the 4-week incubation period these
two stations are also clustered wi th Station 12. This may represent a down-
stream recovery at Station 12. The most significant trend during the 4-week
incubation period is the Isolation of Station 20. During this period Sta-
tion 20 exhibits a reduction in ~pecies diversity , numbers of snecies pres-ent, and biomass (grams carbon/rn ) which may result from effluents
discharged into Arnott Branch. j

Stations 14 and 18 illus trate a relatively high degree of similarity
with higher numbers of diatom species present, species diversity (IT) and dia-
torn cell densities per unit area .
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During the August-September 2-week sampling period , artificial sub-
• strates located at Stations 14, 20,6A, an d 17 were lost due to h igh river

flow and floating debris. As a result, the phenogram illustrated in Fi gure
38 provides only limited information . Stations 48 and 18 cluster at a
relatively high level indicating a similar diatom assemblage . Stations 7B
and 8B are also correlated but remain isolated from other river stations.
These two impact stations exhibited the most atypica l diatom flora present
as the dominant upstream species Cocconeis placentula v. euglypta and
Gomphonema intricatum v. pumila were replaced by Achnanth~s sp. A. Chemicaldata at stations 78 and 8B indicated significantly J~igher levels of RDX ,
N03-N, TOC and TKN , which m ay favor the development of more tolerant
species. 

0

Indicator Organisms. “Indicator organisms ” -- I.e., individuals or
groups of organisms that reflect environmental conditIons -- have been of
interest to aquatic ecologists for many years. As a result, a number of
organisms have been grouped into three general categories in respect to their
tolerance levels to various degrees of pollution : tolerant, in termedi ate or
facultative, and intolerant or sensitive. Utilizing a variation of the
Pinkham-Pearson (1974) BiotIc Similarity Index, a phenogram was plotted, based
on the spatial and numerical occurrence of species during the June - July 4-
week incubation period. Using the 0/0 match equal to one, with group size
being unimportant and with the transposed axis option ; a species/species
cluster analysis was prepared.

• Analysis of the species/species phenogram (Figure 39) produces a
clustering of five distinct groups of organisms. Diatom species clustered
within Group F represent the most highl y rela ted group of organisms wi th
Biotic Similarities ranging from 052 to 1.0. Since 0/0 matches (mutual
absence) at each station were given a value of one, a high Biotic Similarity
value Indicates a species was mutually absent from a number of sampling sta-

• tions. Group F represents a total of 42 diatom species which were recorded
as rare (less than 1 percent of the population) throughout the Study period.

-• 
The occurrence of Group F organisms at HAAP periphyton stations indicates no
specificity as to their chemical tolerance levels or habitat preferences
between stations and therefore these species were considered poor Indicators
of environmental conditions in the Holston River.

In contrast, Group A diatoms indicated a high degree of similarity
within the group, but clustered at a relatively low level with all other
diatom groups in the study (Figure 39 ). Group A was comprised of three dia-
tom species: Achnantties minutissima; Cocconeis pJacentula v. euglypta; and
Go,,çhonema Intricatum v. pumila. Gioup A organisms represent the three domi-
nant diatom species recorded from all the HAA P June-July 4-week perlphyton
sampling stations. With the exception of station 6A, populations of these
three species were high at the upstream and cross-stream stations (4B, 6B,
and 17) and at the recovery zone station (12). Populations of these

O organ1sm~ were reduced at the impact stations 14, 18, and 20 and may be
~~

• 
considered sensitive to munitions waste.

~~~~~~~~ —~~ 
J0

~
_
~

_ 
- —



~ 

~~~
‘

~~~
-
~

-‘ 
~7 r ~~~~~~~~~~~~~~~~ 

~~~~~~ 

~~~~~~~~~~ 
••::;::~z:. p— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘a V

_ _  

H
0’ • ~0 ___ . 0

O 
SN*1 V I~~~11 suI&~~~I II)

?__••
~
_ _

~~~ 

0 

~~ _ _ ___._..1 1.7131 •-~~~~~s ~~~.

I 0.1117 3U~~~~ It~~~ ~~~.

1
[

EL
1 

~lj 
- 5.1111 1r1 5 Isr$s ~~~~~ $ss

ii I.l~~ - 
-
- 3 1 a l~~ 3110 P

5.4317 ls,Ic,)l 353135

O • 
- ______ 

- 5.7111 ~~%.lIvs ,s, l~~~
1.40$ Isylcvl. s$s1

• 1.1174 I,,S c.ala aL.ILJI_5.
0 1.4111 as ~~ )It a. 5411

• 
~~~ 

• - I lls C~~l.4sS)l ,IsflIgsas
• 0 

- ‘ 
• — 1.1771 C .1). ,Il1r131s.

4 
- 1.3113 lsI,sa$. 0iu$ 11 ~~ c_________ 1.4111 C 51I1 a$uu.35

0 0 — 1.3131 ~~~5 s Ii ~~~~~~~~
4 1.1017 lIt.,~~$. 5~ti35pI~~
— 1.1141 1I~~~SI3S5 ) 3140)•II

• —1 — IJflS CsI .ls$$ 311131151
- lUll ~~~.II. Ifflals

- — • sfls a.a.... *.. I ssslHs a. ~~~S5

- 5.3145 C~ds35IlS ls$~~~
0 — 5.5175 35,IcuIa ,~~~ Irka

— 
1.4111 lIts,CMI p5)51 

~ 10 I
1.4451 — as as35~~~,. 31~~~35

1 l i i  aa PIrpalSIll
• __.I 5.5511 •IU,CMS ~ aI$tI,)l

- ~~~ 75IssI.s ~~ $,es
i••1 1.5441 31vIcvIs ,a ,c1101

I 1.3110 55)531545 15 1
1.1171 Nsl41Irs y~~~I.1s

i - 1.1455 M~~ atMs ..ils I

I — 5.7731 1 cS5115 pI.c..351i a. 15 4S

____________ 
0.5115 UIISKII• lialsil i

I 1.7311 111515r1 distils •,~0,1111 SIipM Iisc •$tV~~~
I I~ 5.5431 C sIla uIcrsup35l.

p.4 ‘ •.~~ i 35,tcvl. ‘141151 a.

I 1 5.3111 CsIs~~fs lscSI1~~

I ________________________________ ~~~~ F,’sØIir$i 3.1.3115

• 
L___j 1.3)111.1 (I31l~~~ 45 aw, ~~~I.) 31.

::: 
_ _  

~~~~~

FI(WRE 39. PHENOGRAM OF HAAP ARTIFICIAL SUBSTRATE DIAT OM DATA: CLUSTER OF
ORfANISMS BASED ON SAMPLE LOCATION , 4-WEEK INCUBATION PERIOD , JUNE 1975
0/0 MATCHES • 1, C1Ro~JP SIZE UNIMPORTANT ). COPHENET IC CORRELATION
COEFFICIENT , 0.911
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Species clustered with Groups B and C were present as rare to comon
species at the control stations. However, at the impact stations 14 and 18,
populations of these species increased . This may demonstrate their tolerance
to munitions wastes discharged at Stations 7 and 8. These species include :

Achnanthes sp. A
Sfephanodiscus sp. 1 (near S. invisitatus)
Fragi larla vaucher lae
Gomphonema parvulum 0
Navicula cincta
Melosira varians 0

Navicula minima
Navicula cryptocephala v. intermedia
~nphora ovalls v. pediculis
Cyclotella stelligera
C,ymbella ventricosa
Nitzschia dissipata
çy~be11a sinua ta

0 Rholcosphen ia curva ta -
Nl tzschia kutz ingiana

Since these species were present at both impact and recovery stations ,
they were class if ied as intermedia te or facu ltative in tolerance to var ious
level s of munitions wastes. -

Group 0 organisms represent a number of rare to unconinon species which
were all absent from the munitions impact area (Station 20) but present at
all other stations. These organisms were considered to be intolerant or sen-
sitive to munitions waste effluents. These species include :

Achnanthes lanceolata
Achnanthes lanceolata v. dubia
Cocconels pedicult s
Cymbella af f in i s
Go~~honema angustatum v. producta
Cyclotel la meneghiniana
Navicula symetrica
~~phora perpussila
Nftzschla denticula

O Meloslra ambllua
Navicula gracilis
Ilelosira granulata
Nitzschia sp. 1
Ni tzsch ia palea

• The presence of Nitzschia palea, Melosira granulata and a number of
other eutrophic indicator species within Group D is of interest. The
l iterature reports N. palea to be an obligate nitrogen heterotroph (CholnoIcy
1968), tolerant of a wide range of ecological conditions (Schroeder, 1939).
In large numbers it reflects gross organic pollution (Weber, Raschke , 1966). 
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Absince of a population increase of N. palea at Station 20--in response to
nitrate input from the Arnott Branch indicates that the impact of munitions
waste upon this Indicator species is relatively insignificant.

Organisms clustered within Group E represent those species which were
entirely absent from the upstream Station 4B, and to a lar ge extent, absent
from Stations 20 and 12. Group E was comprised of the following species:

Achnan thes nolli i
Cocconeis placentula v. linearis
Nitzschia linearis

• Melosira distans
0 Stephanod iscus astra ea

O Cymbe lla microcephala
Navicula radiosa v. tenella
Caloneis baci l lum
Fra gi lar ia capucina

Their absence at the upstream station reflects their intolerance
to pollutants impacting Station 4B from upri ver sources at selected stations
below 4B. These species were coninon components of the periphyton coimiunity
but were largely absent at Stations 20 and 12. As a result, the cluster-
ing of these organisms may reflect their sensitivity to both organic and
munitions waste pollution.

Natural Substrate Diatom Coninunity Structure. Tablell presents a
detailed taxonomic list of diatom species recorded from HAAP natural periphy-
ton substrates. Appendix B provides a synopsis of the percent relative abundance

O of the most coumion species. Table 15 presents the tabulated Shannon-Weaver
(iT) species diversity indices , and Shannon evenness values (j )  for the dia-
toni populations. Holston River natural substrate diatom comunity structure

O was significantly different than diatom populations recorded from glass
sl ides incubated for 2- and 4-week periods. Natural diatom populations re-
vealed a much larger distribution of individuals among the taxa . As a result ,
the Shannon—Weaver species diversity indices (H) were significantly higher

~~0 than the artificial substrates. Species diversity indices ranged from 3.39
(Station 14) to 3.68 (Station 6B) while Shannon evenness values ranged from• 0.895 (Station 12) to 0.915 (Station 6B). The highest species diversity
index recorded for the artificial substrates diatom coninunity was 2.54
(Table 14 ).

Total number of species was higher for the natural substrate com-
munities than for the glass slide diatom populations --with 44-59 species
reported from the 500 valve count data.

Comparisons of species between the natural and artificial substrates
• 

‘ also indIcated substantial dissimilarities . The most coninon diatom species
from all natural substrate samples was Achnanthes minutissima--ranging in
percent abundance from 5.5 to 10.4 percent. The most striking feature of
the natural substrate conmiunity was the absence of two Important colonizers

El
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TABLE 15

SHANNON-WEAVER SPECIES DIVERSITY INDICES AND SHANNON EVENNESS
VALUES FOR HAA P NATURAL SUBSTRATE DIATOMS , NORTH BANK

OF HOLSTO N RIVER , JUNE , 1975

Station Species Diversity (iT) * Evenness (J)**

4B 3.56 0.874 j
68 3.68 0.915

14 3.39 0.896

18 3.54 0.910

12 3.54 0.892

*Shannon_Weayer Index (IT) to the base e (Pielou , 1966; Odum , 1971).
**Shannon Evenness (J) (Pielou , 1966 , Odum , 1971).
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of the glass slide community , e.g. Gomphonema intricatum v. pumila and
Cocconeis placentula v. eu9Jypta. Early studies by Geitler (1927) m di-
cated tJiit Achnanthes and Cocconeis were usually the first species to colo-
nize most glass slide communities . This probably indicates that these spe-
cies are not par ti cularl y selec ti ve abou t the i r su bstratum. Ge it ler also

0 Poted that the species most frequently colonizing glass slides were flora
characteristic of submerged mosses and stones.

No tren ds were observed i n the na tural su bstrate commu niti es tha t
could be attributable to the HAAP effluent waste discharges . Species di-
versities remained high at both reference and impact stations. No signifi-
cant changes in species composition were noted between the reference and
impact stations as patterns of species domi nance were highly variable at
all station locations .

From these data , periphytic diatoms collected from the blue-green
algae mats indicated a poor correlation with the glass slide diatom com-
munity . The reasons for these differences are not known but may be in-
fl uenced by differences in curren t, shading , substrate specificity , periods
of low flow where the al gae mats may be exposed to the air , differences in

• predator-prey pressures , and possible metabolic inhibitors produced by the
extensive filamentous blue-green algae mats.

Signi f icant increases in heterotrophic biomass , the reduction of
chlorophyll bearing species , and the establishment of a Sphaerotilus
(sewage bacterium) dominated cornunity were observed in the vicinity of
the two HAAP waste outfall sites (i.e. Stations 7B, 8B, and 14). This was
probably the result of carbon enrichment from munitions waste, such as
cyclohexano ne.

Reductions In species dive rsi ty and shifts in diatom species
associations suggest response to the wastes of RDX muni tions manufacture .

• The followi ng effects of RDX effluen ts were observed: (1) the norma l
invading peri phytic flora were not killed--but coul d not reproduce , (2)
tolera nt spec ies become more common because of less competiti on for nu tri en ts

O and space , and were able to reproduce wi th populations of variable size,
(3) the number of species surviving were high , but the number of individuals
per species were significantly reduced--produc i ng a Shannon-Weaver index that
did not discriminate between subtle changes in community structure, and (4)
the total biomass of the community was reduced.
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MACRO I NVERTEBRAT ES

Introduction

Aquatic macroinvertebrates are a diverse group of small aquatic animals
too large to pass through a U.S. Standard No. 30 mesh screen. They are com-
prised of snails, clams , arthropods, annelids (segmented worms and leeches),
planarlans, and coelenterates. Of these, ol igochaetes account for the majority
of the organisms in this study.

Aquatic macroinvertebrates are a major biological component of aquatic
systems and form an important part of the food chain. They feed on detritus
and microscopic plants and animals. They are in turn eaten by small fish
which support the larger recreationally and economically important species.
They are of special importance in stream environments because of their role
in recycling large amounts of organic detritus introduced from uplands.

Macroinvertebrate species composition (density and diversity) is de-
pendent primarily on three factors -- water quantity, water quality , and
substrate composition.

• Water quantity l imits species within a site. For example , some prefer
large, deep streams while others are found in smaller , shallowe r streams with
numerous riffle areas.

Water quality is a significant factor in determining the assemblage
of macroinvertebrates. Principal parameters include oxygen, temperature ,
hardness, and dissolved solids . The most important of these is oxygen.
While many species require oxygen-saturated water in order to thrive, others
can tolerate reduced oxygen tensions. Aquatic macroinvertebrates are also
affected by temperature extremes. The Aquatic Life Advisory Committee (1956)
indicates that benthic communitIes in the temperate zones are adapted to
seasonal fluctuations of temperature between 0 and 32°C (32-90°F).

Substrate is the most important determinant in species composition
(Hynes, 1960). There Is a direct relationship between amounts of available .1
surface area and species abundance and diversity. That is to say, there are

• more hiding and foraging places in a rock or pebble bottom than in a sand or
mud bottom. The amount of organic matter, particularly from plants , is also
Important. Aquatic plants increase the abundance and diversity of benthic

0 organisms viz, there Is more surface area, periphytic food organisms, food
from the plants themselves, and detritus on which to feed. Beck (1954)
states, ...after careful examination of many streams, diversity of fauna
was primarily the result of one factor -- the diversity of habitat.”

Aquatic macroinvertebrates were chosen as a parameter for this study
because th~y are important indicators of water quality, sensitive to environ-mental changes. Thus natural or man-induced fluctuations in the physical-
chemical characteristics of a stream system are reflected by shifts in
benthic community structure.

106
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Histori cally , benthic macroinvertebrates have been employed in
environmental surveys because they have a relati vely short life span -- a year
or less usually -- and , therefore, reflect present and recent past conditions
as they tend to remain at fixed locations. Because of these two factors,

- 0 

benthic macroinvertebrates are useful as an integrated monitor of the environ-
ment.

Methods

Stations were located upstream, within and downstream of the potential
Impact area from HAAP effluents. Macroinvertebrates from natural substrates
were collected in June and again in August, 1975. At selected stations,
Hester-Dendy arti ficial plates were incubated twice during the summer. These
were examined for degree of colonization duri ng a 4-week period. The location
and description of the biotic sampling stations are presented in Table 6.
In general, the study concentrated on the station array along the north bank ,
since data from the June survey indicated that HAAP wastes were confined to
the flow along the north bank of the river above Station 18.

Dye study results (Water Quality) indicate that South Fork water
primarily infl uences the biota along the sooth bank of the river from Station
6A downstream to the highway bridge . Because of restricted mixing of North
and South Fork water in the study reach, the South Fork waters appear to contain
no munitions waste. There fore , south bank biota are probably not infl uenced
at all by munitions compounds .

Natural substrates were sampled with a petite Ponar dredge. Hester-
Dendy artificial substrates were suspended approximately 1-3 feet below the
surface. In the field , grabs of the natural substrate were washed in a bucket
sieve (U.S. Standard No. 30 mesh) and bottled. Rose Bengal dye was then added
to facilitate laboratory sorting. Samples were preserved in 10 percent
Formalin. Natural substrates were rewashed in the laboratory. Hester—Dendy
substrates were collected in the following manner . Plates were in dividually
bagged in numbered cloth bags with the appropriate spacers. The plates from

• each sample were bagged together and the replicate samplers from each station
- ~• •

~ stored in a roper bucket preserved with 10 percent Formalin. Macroinvertebrates
-
~ I from both types of substrate were sorted in a white enamel pan partially

filled wi th water.

Taxa were Identified using standard techniques to the lowest practical
taxonomic level . Verification of selected chironomids was made by Mr. W.C.

O Beck of Florida A & M University. Representative specimens of oIIgochaetes
were verif4ed by Richard Jones of the Florida Department of Environmental
Regulation. Key taxonomic references used in this study were: Parrish (1968),
Usinger (1956), Mason (1973), Beck (1975a), Ross (1944) , Eónondson (1959), and
Pennak (1953).

The community structure Indices computed for aquatic macroinvertebrates
are the Shannon-Weaver Species Diversity Index , Evenness , and Pinkham-Pearson
Index of Similari ty.

107

—~~~ ~~~——•- ~~0 ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~—-•—~ O-— ~~~



p

Presen tation of Data

Description of Taxa. Ollgochaetes were the domi nant benthic macro-
invertebrates collected In the HAAP study area . They were found at all stations

0 and accounted for 76 percent of the benthlc organisms collected. In the June-
Jul y survey, oligochaetes totaled 50 percent of the population. Taxonomic
lists by station are presented in Tables 16 to 19.

These organisms commonly inhabit a mud or detri tus bottom. Growths of
aquatic plants effectively increase numbers of taxa and individua ls. Plan ts . - -

provide shelter from the current and predators and also produce detr4tus as fodd.
Oligochaetes are generally recognized (Paine and Gaufin, 1956; Weber , 1973) as
tolerant to moderately tolerant of high organic and nutrient concentrations
and depressed oxygen levels. Since low oxygen inhibits most organisms ,
ol igochaetes are favored by reduced competition and predation.

Oligochaetes are valuable contributors to the cycling of energy and
mater ials (carbon , nu trien ts, etc.) in stream systems. River envi ronments
contrast with lakes and reservoirs in that substantial energy to the lotlc
system comes indirectly from the sun through detr i tus (leaves , twigs and

• other organic materials). Detritus is initially decomposed by bacteria and
fungi and consumed by ol igochaetes (and other organisms). Ol igochaetes in turn
are a food base for small forage fish , juvenile gamefish , an d predaceous
macro inve rteb rates

Counts for this group are reported as “Oligochaeta .” Among those
identified were L imnodrilus , a Tubificid; and Nais, Paranais, Pristina,
and Stylaria sp. -- all Naididae .

L~eches were present at all stations from both natura l and artificial —.
substrates. Five unidentified taxa were recognized as “Hi rudinea species A through
E.” Leeches are very similar to oligochaetes in that they prefer slowly moving
wa ter , and are able to tolerate environments with moderate to high organic
content. -Leeches requi re substrates to which their caudal suckers can adhere;
they prefer rocky or vegetated areas. Most species are free living but some
exhibit a parasitic existence.

Chironomid (non-biting mi dge fly) larvae were abundant. They colonized
both natural and artificial substrates. Chi ronomids as a groun ean be fou nd
in nearly every habitat including coastal zones (Oliver , 1971). They are
found in all types of stream environments from the cleanest to the most
pollute d water. Because they inhabit such a wide variety of ecological

0 nIches , they are one of the most important indicator organisms (Beck, 1975b ;
Paine and Gaufin , 1956). They have been the subject of numerous studies
regarding their taxonomy, ha bi tat preferences , pollution tolerances . and
general ecology. The most common midge in natura l substrates at HAAP was Chironomus
attenuatus. This pioneer species is a freshwater form which can tolerate a

0 wide range of pH, turbidity , and organic enrichment. It has been reported
as a scavenger (Roback, 1953) and as a oredator (Godhaus , 1 967). The stomach
contents of Holston River Specimens were composed of detritus, in-
organics (sand and clay) and algae. I
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Ecology of the two other predominate chironomid species (Psectroc ladj us and

Cricotopus sp.l) is not wel l understood. Psectrocladius was the dominate
organism on artificial substrates and was collected at all stations except
Stations 7B and GB. These stations were Influenced by HAAP waste especially
organic compounds which may have prevented colonization by this spec ies.
Cr icotopus sp .l descri bed by Bec k ( 1 975 a ,b) is a distinctive species which
has not been reared in the laboratory and is unnamed . Beck characterizes
the organism as preferring neutral to slightly alkaline water . It will
tolera te some organ ic enr ichmen t, as long as the dissolved oxygen level is
5 mg/i or greater. 0

Physa sp. occurred in tremendous numbers often covering large sections of
exposed river bank. Extremely large populations of these pulmonate snails
coloni zed weed beds near the south bank where they apparently were feeding on
periphyton. Sphaerium sp. was the only biva l ve collected and only in the natural
substrates. This small fingernail clam was common in dredge samples.

F Planarians (Turbellaria species A and B) were abundant. They often
• dominated the fauna on arti ficial substrate samplers . They were present at

all stations except 8B.

All of these (along wi th the more uncommon taxa) are generally con-
sidered tolerant or facultatively tolerant to nutrient and organic pollution
(Weber, 1973; Beck, l975b ; Pa ine an d Gau fin , 1956). Their dominance at all

0 stations indicates eutrophic conditions in the Holston River which supports
the prior findings of Smock and Stoneburner (1973).

Density of each taxon based on pooled replicates by stati on is presented
in Tables 16 thru 19. Histograms showing populations size and distribution of
taxa are presented in Figures 40 and 41. As is evident duri ng both surveys the
number of organisms in ri ver sediments immediately below HAA P outfalls was low
compared to other north bank stations. This trend is not apparent on artifi-
cial substrates exposed in this same area and the two sets of data are, there-
fore , somewhat anomolous. The data from dredge samples suggest recovery at
Station 12. There is no apparen t correla tion between macro inver tebra te
population and l evels of munitions wastes in sediments .

Species diversity values are shown in Table 20. Upstream of the
effluent discharge at Station 6B, macro inverte brates were more di verse (H)
on artificial substrates (2.2) than they were immediately downstream of the
outfalls (1.4, 1.1, 0.9).

Diversity of benthic ma c roinvertebrates changed little from the June-
July to August-September sampl ing trips. However , a significant increase
occurred at Station 20, and was likely due to the oxygenating effect of the
riffle area on the warmer (late summer) river waters. Five times as many
chironomi d taxa were found in the later sampli~ig.

The similarity of stations is shown in Figures 42 through 45 , using
phenograms of the Pinkham—Pearson Index of Biotic Similarity (mutual absence
unimportant).
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IIAAP MACROBENTHOS NATURAL SUBSTRATE , JUNE 1975
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TABLE 17

0 HAAP MACROBENThOS NATURAL SUBSTRATE, AUGUST 19752(Counts based on pooled repl i cates [Organisms/rn J )
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TABLE 18
o 

HAA P MACROBENTHOS ARTIFICIAL SUBSTRATE , JUNE 1975
o (Organisms/rn’)

0 Counts based on pooled repl icates
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0 0 TABLE 19

HAAP MACROBENTHOS ARTIFICIAL SUBSTRATE , AUGUST 1975
(Organisms /rn2)

- Counts based on pooled replicates
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TABLE 20
SHANNON-WEAVER SPECIES DIVERSITY INDEX (IT)

FOR HAAP MACROINVERTEBR ATES

Natura l Substrate Artifi cia l Substra te
Sta tion June 

— 

August June August

48 0.29 1.18 -- --
6A 0.82 1.49 1.72 1.10
68 0.49 0.35 1.96 2.32
7B 1.42 1.24 —- 1.35
8B -- 1.43 -- 1.08
8Bi -- 0.79 -- --
12 0.70 1.30 1.70 1.16

0 
14 0.89 0.89 1.07 0.92
16 1.02 -- -- --
17 0.71 0.97 0.80 --

0

1 18 0.59 0.63 1.89 1.34
20 0.82 2.35 2.29 -- 

~~~~°— -
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Considering the phenographic displays for both natura l and artificial
substrates shown in Figures 42 through 45, certain general statements can be
made regarding clustering of stations. In both the June and August surveys,
station pairing and grouping occurred in a rather random manner such that
south shore stations associated with those in the impact zone (Figure 43,
6A-20) and upstream reference stations grouped wi th impact stations (Figure
43, 68-18). In only a few stations did pairing among impact stations occur
(Figure 45, 7B-8B; Figure 44, 8B_8Bi ; Figure 42, 78-20).

Overall , the use of phenograms to aid in analysis of the macroin-
vertebrate data were not conclusive . Grouping of stations was not consistent
in terms of their relati ve location either within or out of the potential
impact area .

Effects of Mun iti ons Compoun ds an d Assoc iated Res idues
Environmenta l conditions in the Hoiston are such that an effects study

strictly related to munitions waste is difficult. Both colonization of arti-
ficial substrates and examination of river sediments were employed to assess
impact of HAAP wastes on macroinvertebrates . The two methods provide informa-
tion related to different environments (i.e. water and substrate). The temp-
tation to compare artificial substrate to natura l should be avoided .

Our studies showed that effects on macroinvertebrates may result not
only from RDX , but also associated carbon and nitrogen compounds. Therefore ,
field studies cannot isolate impact from RDX alone. Correlations may be
expressed between biotic components and RDX in the tabular and graphic
material , but it should be remembered that associated compounds also are

o present and undoubtedly Influence the community.

- Maximum impact in river sediments was observed just below the out-
falls of the munition production lines at Station 7B, 8B and 8B1. Here
Sphaerotilus growths were evident and the sediment exhibited reduced conditions.
Al though somewha t specula tive , the macroinvertebrate community probably was
responding to loading from organic carbon compounds. Populations at Stations
7 , 8B and 881 and taxa at the latter two sampling points represented minimum s
observed during the study. The impact observed below the HAA P outfa l l s

O (7 and 8) are restricted to a short zone of the river extending approximately
100 to 200 yards downstream . Whole river effects are not discernible.
Response downriver to nitrogen loading from Arnott Branch may in part be
reflected at Station 20 (June) by lowered diversity .
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Figures 46 , 47 , and 48 represent scatter diagrams in which population ,
nun~er of taxa , and diversity of artificial and na tural su bstrates are plot ted
as a function of RDX concentration. Generally, stations above the effluentlines and on the south bank group at minimum levels of ROX (<0.005 mg/ i).
No clear trends are evident among stations In the impact zone along the north
bank as the data show considerable scatter. Effects on the macroinvertebrate
coninunlty cannot be correlated to RDX levels observed in the field studies.
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CONCLUSIONS

Considerable data have been acquired on the envi ronmental quality of
the Holstov~ River in the vicinity of Kingsport and the Holston Army Aimiunition

-
O Plant. This base of Information has been extremely valuable in the assessment 

0

of present river quality and in eval uating the impact of the RDX-HMX facility .
Studies conducted by WAR , Inc . in June and August further delineated the chem-
ical and biological characteristics of the Hoiston , especially in the reach
Immediate ly below the confl uence of the North and South Forks of the river.

Afte r review of other available environmental studies on the Holston ,
the following conclu~lons have been reached regarding the impact of waste
discharges from RDX-HMX manufacturing at HAAP.

1) The waste discharge from the plant may be expected to have its
maxlmLsn impact on the Holston duri ng low flow - high temperature periods .

0 Frequency of occurrence for a combination of the above two events is limi ted
to the annual suniner-fall period.

2) The major Impact at HAAP includes the addition of RDX and associated
carbon and nitrogen compounds to the wate rs on the north side of the Hoiston.
RDX residues occurred at concentrations up to 700 ~g/l near the outfalls and

- persisted downstream approximately one mile with concentrations ranging from
O - 70 lAg/i.

3) Tota l organic carbon loading from HAA P outfalls was as high as 330
mgC/ l. The mean whole river carbon level of 8 to 10 mg/l is indicative of
significant oxygen demand. Upper ranges of TOC observed during the study
suggest that the reach in the Impact area is periodically heavily loade d by
oxygen demanding materials.

4) The majOr nutrient Input from HAAP is nitrogen. Significant amounts
of nitrate nitrogen result from the nitri c acid area via Arnott Branch.
Concentrations of 3.5 mgN/l in June and nearl y 9 mgN/l i n Au gust were observe d .

5) Measureme n t of dissolved oxygen and temperature showed that low
D.O. may stress biological comunities in the survey reach especially during
times of low flow in the South Fork. Based on the sumer 1975 data , oxygen

• stress in the Hols ton appears to be reduced compared to earlier surveys . - 0

6) Resul ts of analyses show that munitions waste does not contribute
significant ly to the burden of metals in the Ho i ston R iver.

7) The data reveal a high degree of variability in wa ter quality
created by the fluctuati ng flow from the Fort Patrick Henry Dam.

8) Data on conductivi ty and major Ions suggest that mixing of the
North Fork wa ters , high in chlorides and hardness , with South Fork waters ,
enriched in nitrogen , phosphorus , and carbon was incomplete to River Mile
138. Dispersion studies usi ng Rhodamlne WT show HAA P discharge confinement

0 to the north bank.
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9) SedIments on the north side of the river exhibited elevated TKN and
COD wh ich progressively Inc reased downstream of the production line effl uents .
RDX was the major munitions component isolated from rive r water; TKN from
sediments.

10) Effects of munitions effluents were noted In the periphyton in
the immedIate vIcinity of the waste outfall. Significant increases in hetero-
trophic biomass and a concomi tant reduction in chlorophyll-bearing species were
noted. Reductions in species divers ity and shifts in diatom species associa-
tions Indicate community alterations from RDX and associated residues.

I i )  The macroinvertebrate cormnunity is dominated by oligochaetes
especially In the immedIate areas of the waste outfalls. Chironomi ds abundantly
colonized artificial substrates and river sediments with Chironomus attenua tus
and Psectrociadl us sp. predominate . Impact of wastes from FIAAP except in the
outfalT plume cannot be clearly defined.

12) MunItions waste loading from HAAP produces a highly variable RDX
concentration ranging to 700 pgm/l through the impact area. Associated with
RDX production are quantities of organic carbon (i.e. cyclohexanone) and nitro-
gen which affect aquatic life in the river.

At the present time with the data available , environmental effects of
specific carbon and nitrogen compounds cannot be evaluated. These occur in
sufficient concentrat ions to influence aquatic life in the river and it is
probable that impact on the various biological forms results from a synergism
of many substances in munitions waste. The resul ts of these studies showed
that coninunity alteration In the periphyton could be detected in water con-
tam ing RDX ranging as low as 20 lAg/l. We do not conclude that RDX at this
low level is the single responsible compound for change. Multiple factors are
Involved. Further assessment woul d be required under more controlled conditions
to define other variables and their infl uence in regulating community structure 0

In the Hol ston R iver. Based on conse rva ti ve es ti ma tes , however , a no-effect
range of 20 to 100 lAg/l RDX is recommended for periphyton communities
continuously exposed to effluent generated in the manufacturing of this compound.
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Water Quality Appendix

Table A— i lists the specific Standard Methods or EPA procedures
used to characterize the background water quality . Metals, except for
hardness (calcium and magnesium) were run by flame atomic absorption

- 
- spectrophotoinetry on acidified water samples. The expected low concen- 0

trations indicated that extraction using amonium 1-pyrrobidinedithiocar-
bamate (APDC) and methyl iso-butyl ketone (MIBK) (after Nix and Goodwin ,
1970) would be necessary to gain the required sensi tivity. Mercury was
anaiyzed by cold vapor atomic absorption spectrophotometry.

The nutrient (nitrogen , phosphorus , and carbon) parameters mea-
sured were those usually used to characterize trophic state. These
results were used to assess what, if any , factors might l imit plant growth,

O 
- whether biostimuiatory effects might be expected; and , secondly, to deter-

mi ne what oxygen demands might result. Selection of these parameters was
also keyed to those specific to munitions manufacture waste impacts.

0 In the case of the metal analyses run on the sediments, the
digestate contained sufficiently hi gh concen trations of metals to be run
directly by flame atomic absorption spectrophotometry making MIBK-APDC
extraction unnecessary. The sediment mercuries were analyzed employing
cold vapor atomic absorption spectrophotometry after the digestion of a portion
of sediment wi th aqua regia as described in EPA (1974).

Analytical procedures (Table A-i) utilized on the sediment samples
came mostly from the Chemistry Laboratory Manual Bottom Sediments (EPA, 1969)
with the exceptions of mercury (as described above ) and tota l phosphorus .
The total phosphorus procedure employed sulfuric acid-potassium persulfate
digestion in an autoclave as specified in “Sludge Sediment Analyses ” (EPA ,
Region IV , 1973).

Munitions Analysis

Samples for munitions analyses were col lected in amber glass reagent
-

- bottles, which were pre-rinsed in acetone, and refrigerated until analysis ,
which consisted of extraction , concentration , and gas-liquid chromatography.

O 

Extraction of Water Samples. A sample of 250 ml was measured into a
clean 500 ml separatory funnel equTpped wi th a Teflon stopcock. Seventy-
five ml of ethyl acetate (pesticide grade) was added, the flask stoppered,
and shaker~ for 2 to 3 minutes. The layers were allowed to separate and the

O lower (wa ter) layer drai ned into a second 500 ml separatory funnel and
again extracted with 50 ml ethyl acetate. The water layer was discarded .
The extracts were combined and fi ltered through a plug of cotton previously

55- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~- ~~~~~~~~~~~~~~ — -~~0 ~~~~~~~~~~~~~~~~~~~~ ~~~~ _ 
55



1

~~~ 

- - 

-

wetted with ethyl acetate The separatory funnels were rinsed wi th an
additional 10 ml of ethyl acetate and filtered through the cotton plug.
The ethyl acetate was evaporated to a volume of 2.5 ml under reduced
pressure with the flask temperature not exceeding 40°C.

Extraction of Sediment Sampies. In order to dry the wet sediments
80 gm of sodium sulfate was added to 20 gm of wet sed iment. Th is was then
packed into a chromatographic column and extracted for one hour with ethyl
acetate. The extraction was followed by evaporation of the ethyl acetate
extract to a volume of 2.0 ml under the same conditions as described earlier.
The one hour of extraction with ethyl acetate was proven to be sufficient Lw
the fact that quantitative recovery of sediment samples spiked with 2,4-DNT,
2,6-DNT, u—TNT, RDX , and HMX was obtained.

Chromatography of Extracts. Samples were chromatographed on a 5 ft. x
1/8 in. glass column packed wi th 3 percent Dexsii 300 on 80/100 mesh Gas

0 Chrom Q. A Varian Model 1840 Gas Chromatograph wi th electron capture (EC)
and Thermionic (Alkali Flame Ionization Detector) (AFID) detectors was chosen.
The readout was obtained by using a Varian Model 285 Electronic Integrator

- - which was recorded permanently by a Beckman 1 my, 20 i nch scale recorder.
Peak areas were automatically printed by the integrator. Electron capture
was chosen as the prime detector wi th AFID as back-up and confirmation
detector.

An alternate column used for confi rmatory information was a 4 ft. x
1/8 in. glass column packed with 8 percent UCW 98 on 80/100 mesh Gas Chrom Q.
Instrument conditions for both columns and detectors were:

Column temperature: 185°C isothermally
Injector temperature: 220°C
Detector temperature: 215°C
Carrier Gas: N it~qgen 0 40 ml /m i n
Electrometer setting: lO~~” afs at 1 x attenuation

into integrator wi th appropriate
attenuation setting for recorder 0

Five microliter portions of standards and samples were injected. The peak
heights , peak areas , and retention times were recorded for comparison.

Preparation of Standards. Purified standards of 2,4-Dinitrotoluene;
2,6 Dinitrotoluene , 1,3,5-Trinltrobenzene, 2,4,6-Trinitrotoluene (TNT),
cyclotrimethylenetrini tramine (RDX), and cyclotetramethylenetetrani tramine
(HMX) were supplied by the Army Medical Research and Development Comand .

Discussion of Procedure. Under test conditions , 2,4-DNT, 2,6-DNT,
- 2,4,6-TNT and RDX were adequately resolved by both Dexsil 300 and UCW 98

-~~ columns. However, l ,3,5-TNB and 2,4,6-TNT were not differentiated by the
Dexsii column and only partially by the UCW 98 column; consequently, 1,3,5-
TNB , If present, was combined wi th and reported as 2,4,6-TNT.

HMX could not be detected at all by gas-liquid chromatography methods,
0 

therefore, thin layer chromatography was used to screen for this compound.
Standards and samples were spotted on Sil ica Gel 1B-2F plates. The plates 0

were developed wi th ethyl acetate and visua l ized under shortwave (254 NM)
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ultraviolet light , and , In addition , they were developed by spraying with
Ethylenediamine in DMSO as the chromogenic reagent. Under these cond iti ons ,
approximately 5 pg of HMX coul d be detected. By concentrating the extract
to 0.5 ml , approximately 1 mg/l HMX could be detected.

Five p1 injections of sample extracts and standards were first
injected onto the Dexsil 300 column using the EC Detector. Peaks correspond-
ing to standards were noted and the areas compared. Samples and standards
were next injected onto UCW 98 column and like comparisons were made. Like-
wise, samples and standards were injected onto the Dexsil 300 column using
the Thermionic or Alkali Flame Ionization Detector. Again , peaks correspond-
ing to the standards were noted and the areas were compared. Sample peaks
which did not elute at the same times as the standards on both sets of columns
and detectors were rejected, and only those peaks confirmed on both sets were
quantltated .

The AFID was used primarily for confirmation of the presence or absence
of various compounds in the samples. However, results were calculated and
compared with results from the EC detector. In most cases, quantitative 0

resuits were comparable wi th both detectors. Where agreement was not within
limi ts of ± 10 percent , additional injections were made until agreement could
be obtained wi thin these limi ts, or It was determined that substrate inter-
ference effected response from one or the other of the detectors. This was
normally determined by spiking the sample wi th the appropriate standard and
noting the recovery.

Recovery Studies. Initial recovery studies were made by the addition
of standards to tap water and then carrying through the entire extraction ,
concentration, and gas chromatograph-i c procedures , as previous ly outlined. 0

Three levels of spik ing were used , as follows :
Percent

Component ~~ ntity Added Quantity Recovered Recovery
2,4-DNT 1.00 mg/b 0.95 mg/b 95

5.00 mg/b 4.80 mg/i 96
10.00 mg/ i 10.05 mg/b 101

2,6-DNT 1.00 mg/i 0.93 mg/i 93
5.00 mg/b 4.95 mg/i 99
10.00 mg/l 10.2 mg/b 102

0 2,4,6-TNT 1.00 mg/b 0.96 mg/b 96
5.00 mg/i 5.15 mg/b 103

10.00 mg/i 9.80 mg/b 98

RDX 1.00 mg/ I 0.89 mg/b 89
5.00 mg/i 4.6 mg/i 92

10.00 mg/i 9.7 mg/i 97
Selected samples from the Holston River and from Lake Chickamauga ,

Tennessee , containing low levels or no munitions residues were spiked with
corresponding low level s of ROX and TNT to assess recovery under these
conditions . Resul ts of these experiments were:
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Sample Residual Component Percent
No. Component & Concentration Added & Concentration Recovery

B-41 2,4-DNT 19 pg/i 2,4,6-TNT 4 pg/I 94
8pg /l 92

- .  
lO pg/i 98

B-59 None -- 2,4,6-TNT 1 pg/I 89
- .  

2 iig/l 93
3 pg/1 96

B-39 None -- 2,4,6-TNT 2 pg/b 90
- 

- -  
4 pg/l 93
6 pg/b 96

B—41 2,4-DNT 19 pg/i RDX 4 pg/b 80
8 pg/i 75

10 pg/i 100 0

B 5 9 None -- RDX 1 pg/i 105
- 2 pg/i 89

3 pg/l 86

B-39 None -- RDX 2 pg/i 88
4 ug/ l 87
6 pg/i 94

Recovery of TNT and its analogs by this procedure appears to be
excellent, averaging more than 95 percent from tap water and 93 percent from
spiked water samples. RDX recovery was not quite as good, averaging 93
percent from tap water and 89 percent from spiked water samples.

HMX was not detected In any of the water samples above the detection
limi t of 1 ppm; therefore, quanti tatlon of recovery efficiencies were not

- 

0 performed on the water samples.

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE A— ].

SUMMARY OF ROUTINE LABORATORY ANALYTICAL PROC EDURES 10

FOR WATER SAMPLES

Parameter Procedure -

O

O Total Al kalinity Standard Methods, 201: Potentiometrlc J0 0 

- 

Titration, p
~ 370.

Chlor ide Standard Methods , l l 2B : Mercuric
Nitrate Method, p. 97

Total Hardness Standard Methods, 112B: EDTA Titrime tric
Method , p. 179.

Sul fate Standard Methods , 156C: Turbidimetric
Method , BaCL2, p. 334.

Solids - Total Solids Standard Methods, 148A: Gra v imetr ic
Method, p. 288.

Suspended Sol ids Standard Methods, 148C: Gravimetric
- Method , p. 291.

Total Dissol ved Solids Standard Methods, 148B: Gravimetric
Method 1 p. 290

Ammonia Nitrogen EPA , STORET #00610: Distillation and
Nesslerization, p. 159. -

Total Kjeidahl Nitrogen EPA, STORET #00625: Acid Digestion,
D ist i l la tion , Nesslerization, p. i75. j

Nitrite Nitrogen EPA, STORET #00630: Automated Analyses,
- - Dlazotization , Sulfanliic Acid—

Napthylamine Hydrochloride Method, p. 207. 
—

Total Phosphorus Standard Methods, 223C.III: Persuifate
Digestion Method, p. 526.
EPA , STORET #00671: Automated Colorimetric
Ascorbic Acid Single Reagent Method , p. 256.

Total Organic Carbon EPA, STORET #00680, Infrared CO2 Detection ,
Carbon Analyzer, p. 236.

Chemical Oxygen Demand 
- 

EPA , STORET #00335, Low Level O. 025N
K2Cr207, p. 21. 0

- 

0~ 

EPA 1974, “Manual of Methods for Chemical Analysis of Water and Waste~.” I
-

~ Standard Methods for the Examination of Water and Wastewater, 13th Ed., 1971 ,: ~ APHA , AWA , WPCF.

145 0 
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TABLE A- 2

SUMMARY OF ROUTINE LABORATORY ANALYTICAL PROCEDURES
FOR SEDIMENT SAMPLES

Parameter Procedure
- - 

Chemical Oxygen Demand Bottom Sediments - Great Lakes : High
Level O.250N K2Cr207, p. 5.

- Total Kjeldahl Nitrogen Bottom Sediments - Great Lakes: Acid
Digestion , Dis ti l l a tion , and Titration

- with O.02N H2S04, p. 38.
Nitrate Nitrogen Bottom Sediments - Great Lakes: Acid

Digestion , p. 32.
Standard Methods, 213B: Cadmium
Reduction Method, p. 458 .

Nitrite Nitrogen Bottom Sediments - Great Lakes: Acid
- : Digestion , p. 32.

EPA , STORET #00630: Automated Analyses ,
0 Diazotization, Sulfani lic Acid-

- flapthylamine Hydrochloride Method, p.207.
— Total Phosphorus EPA, Region IV , “Sludge-Sediment

Anal yses ,” 1973: Sulfuric Acid-Persulfate
Digestion using an Autoclave.
EPA , STORET #00671: Automated Colon-
metric Ascorbic Acid Single Reagent
Method, p. 256.

Total Solids Bottom Sediments - Great Lakes: Gravi-
metric Method, p. 85.

Total Volatile Solids - Bottom Sediments - Great Lakes: Gravi-
metr ic Method , p. 85.

Mercury EPA, 1974: Aqua Regia Digestion , Potass i um
Permanganate Oxidation , and Cold Vapor

0~ Technique Atomic Absorpt ion Spectro-
photometry, p. 134 .

Trace Metals Bottom Sediments - Great Lakes: N i tric
0 (Cd, Cu, Cr , Fe, Pb, Mn, Ni , Zn) Acid - Hydrogen Peroxide Digestion, p. 18.

Atomic Absorption Spectrophotometry.

Chemistry Laboratory Manual Bottom Sediments, EPA 1969, comp iled by Great
Lakes Region Committee on Analytical Methods.
EPA 1974, “Manual of Methods for Chemical Analysis of Water and Wastes ”.
EPA, Region IV, Surveillance and Analysis Division , Chemical Services Branch,
“Sludge-Sediment Analyses,” June 7, 1973, mImeograph courtesy of James
Finger, EPA, Region IV .

-

- Standard Methods for the Exami nation of Water and Wastewater , 13th Ed., 1971,
0 

- APHA, AWA, WPCF .

146
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A P P E N D I X  A - V

MUNITIONS RESIDUES IN THE HOLSTON RIVER

AT HOLSTON ARMY AMMUNITION PLANT 
-

JUNE AND AUGUST, 1975 *
S
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TABLE A- 38

HOLSTON ARMY AMMUNT IONS PLANT MUNITIONS RESIDUES
JUNE , 1975

- 

StATION 1
DATE 6—2-75 6—3-75 6-4-75 6—6-75
SAMPLE NO. B-108 B-4 B-228 B-178
2 ,4 DNT , ppb 0 0 0 0
2 ,6 DNT , ppb 0 0 0 0
TNT , p p b 0 0 0 0
RDX , ppb 0 0 0 - 0

STATION 1
DATE 6-2-75
SAMPLE NO. B-1O
2 ,4 DNT ppb 0
2 ,6 DNT, ppb 0
TNT , ppb 0

• RDX , ppb 0

STATION 2
DATE 6-2-75 6-2-75 6-3-75 6-4-75 6-6-75
SAMPLE NO. B-100 B-2 B-9 B-224 B-175

• 2 ,4 DNT , ppb 0 0 0 0 0
2 ,6 DNT , ppb 0 0 0 0

I L  TNT , p p b 0 0 o o
RDX , ppb 0 0 0 0 0

STATION 3
DATE 6-2-75 6— 2—75 6—3-75 6-4-75 6-6— 75
SAMPLE NO. B-107 B-8 B-S B-81 B-179
2 ,4 DNT , ppb 0 0 0 0 0
2 ,6 DNT , ppb 0 ’ 0 0 0 0
TNT , ppb 0 0 0 0 0
RDX , ppb 0 0 0 • 0 0

STATION 4
DATE 6-2-75 6-2—75 6-3-75 6-4—75 6-6-75
SAMPLE NO. B-104 B-6 B-i B-78 B-147
2 ,4 DNT , ppb 0 0 0 0 o
2 ,6 DNT , ppb 0 0 0 0 0
TNT , ppb 0 0 0 0 0
RDX , ppb 0 0 0 <5 0

LI 194
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TABLE A-3& Continued)

STATION 5
DATE 6—2-75 6-3-75 6-4-75 6-5-75 6-6-75
SAMPLE NO. B-106 B-12 B-82 B-151 B-18
2 ,4 DNT , ppb • 0 0 0 0 0
2 , 6 DNT , ppb 0 0 0 0 0
TNT , ppb • 0 0 0 0 0
RDX , p p b 0 0 0 0 0

STATION 
- - 

6 6-
DATE 6-2-75 6-3 

A 6-B 6-A 6-B

2 ,4 DNT~~ppb 
Samiale ~~ 142 ~~ ~~

ppb shipment 0 0

RDX , ppb 0 0 .  0 0 0

STATION 6-A 6-B
DATE 6-6-75 6-6-75 

—

SAMPLE NO . B-20 B-16
2 ,4 DNT , ppb 0 0
2 ,6 DNT , ppb O 0
TNT , ppb 0 0

• RDX , ppb 0 0 

-

STATION 7
DATE 6-2-75 6—3-75 6-4-75. 6-5-75 6-6-75
SAMPLE NO. B-103 B-03 B-135 B-156 B-66
2 4 D N T , p p b 0 0 0 0 0
2 ,6 DNT , ppb 0 0 0 0
TNT , p p b 0 0 0 0 0
RDX , ppb 8200 248 832 46 775

STATION 8
DATE 6-2-75 6-3-75 6-4-75 6-5-75 6-6-75
SAMPLE NO. B-102 B-99 B-144 B-I55 B-2 1
2 ,4 DNT , ppb 0 0 0 0 0
2 ,6 DNT , ppb 0 0 0 0 0

• TNT , ppb 0 0 0 29 89
RDX , ppb 5040 0 8780 1500 1560
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TABLE A-~38 (Continued )

STATiON 9
DATE 6-2-75 6-3-75
SAMPLE NO. B-].O1 B-138
2,4 DNT , ppb 0. 0
2,6 DNT , ppb o
TNT,ppb 0 0
RDX , ppb 0 0

STATION 10
DATE 6-2-75 6-3-75 6-4-75 6—5-75 6-6—75
SAMPLE NO, B-105 B-139 B- il B-154 B-23
2,4 DNT, ppb 0 0 0 0 0
2,6 DNT , ppb 0 0 0 0 0

• TNT,p pb 0 0 0 0 0
RDX , ppb 193 565 0 42 0

STATION 11
DATE 6-2-75 6-3-75
SAMPLE NO. B-97 B-137
2,4 DNT ,pp b 0 0
2,6 DNT, ppb 0 0
TNT,ppb 0 0
RDX , ppb 0 743

STATION 12
DATE 6-2-75 6-3-75 6-3—75 6-4-75 6-5-75 6-6—75
SAMPLE NO. B-7 B-134 B-143 B-219 8-67 B-iSO
2,4 DNT, ppb 0 . 0 0 0 0 0
2,6 DNT ,pp b 0 0 0 0 0 0
TNT , ppb 0 0 0 0 0 • 0
RDX , ppb 8 21 24 . 27 3 11

~

STATION 13
DATE 6—3—75 6—4-75 6-4-75 6-5—75 6-6-75

1 : SAMPLE NO. B-76 B—227 8-221 B-li B-li
2,4 DNT , ppb 0 0 0 0 0
2,6 ONT, ppb 0 0 0 o 0
TNT , ppb 0 <2 0 0 0
(DX , ppb 0 0 0 0 0

1
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TABLE A 38 (Continued)

STATION 14
DATE 6-3-75 6-4-75 6-4-75 6-5-75 6-6-75
SAMPLE NO, 8-79 B-84 B-222 B-72 B-19
2 ,4 DNT , p p b 0 0 0 0 0
2 ,6 DNT , ppb 0 0 0 0 0
TNT,ppb 0 0 0 0 0
RDX , ppb 48 104 150 33 29

STATiON 15
DATE 6-3-75 6-4-75 6-5-75 6—5-75 6—6-75
SAMPLE No . 8-133 B-73 8-146 B-61 B-22
2,4 DNT , ppb 0 0 0 0 0
2,6 DNT , ppb 0 ’ 0 0 0 0
TNT , p p b 0 0 0 0 0
RDX , ppb 0 0 0 , 0 0

STATION 16 
*

• DATE 6-3-75 6—4—75 6-5-75 6-5-75 6-6-75 *

SAMPLE NO. B-80 B-83 B-149 B-69 B-is
2,4 DNT , ppb 0 0 0 0 0
2,6 DNT , ppb 0 0 0 0 0
TNT ,pp b 0 0 0 0 0
RDX , ppb - 

0 0 0 0 0

STATION 17
DATE 6-3-75 6-4-75 6-5-75 6-5-75 6-6-75
SAMPLE NO, B-75 8-218 B-145 B-62 B-13
2,4 DNT ,pp b 0 0 0 o 0
2,6 DNT, pp b 0 0 0 0 0
TNT,ppb 0 0 0 0 0
RDX, ppb 0 c 5 <5 0 <.3

STATION 18
• DATE 6-3-75 6—4-75 6-5-75 6-5-75 6-6-75

SAMPLE NO . B-141 8-225 8-153 8-65 8-14 •

2,4 DNT , ppb O •  0 0 0 0
2,6 DNT , ppb 0 0 0 0 0

• TNT, ppb 0 0 0 0 0 •

RDX, ppb 18 49 47 0 50 1

I.. I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE A-3~
’(Contjnued)

sTAtioN 19
DATE 6-3-75 6-4-75 6-5-75 6-5-75 6-6-75
SAMPLE NO. B-136 B-22O 8-64 B-148 B-24
2,4 DNT ,pp b 0 0 0 0 0
2,6 DNT ,pp b 0 0 0 0 0
TNT ,ppb 0 0 0 0 0
RDX ,pp b • 100 0 5 5 5

STATION 20
DATE 6—3-75 6-4-75 6—5-75 6-5—75 6—6—75
SAMPLE NO. B-140 8-223 8-63 B-152 B-226
2,4 DNT ,ppb 0 0 0 0 0
2,6 DNT, ppb 0 0 0 0 0
TNT, ppb 0 0 0 0 0
RDX ,ppb 0 13 11 0 7
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TABLE A- 39

HOLSTON ARMY AMMUNITIONS PLANT MUNITIONS RESIDUES
• AUGUST, 1975

STATION • 1-B
DATE 8-7-75
SAMPLE NO. BA-172
2,4 DNT, ppb 0
2 ,6 DNT, ppb 0
TNT ,pp b 0
RDX , ppb 0

• STATION 3
• DATE 8-4—75 8-5-75 8-6—75 8-7—75 8—8-75

SAMPLE NO, BA-209 BA-116 BA-119 BA-107 BA-131.

2 4 D N T , ppb 0 0 0 0 0

• 2,6 DNT , ppb 0 0 0 0 0

-
• 

TNT ,pp b 0 0 0 0 0
• RDX , ppb 0 0 0 0 0

• STATION 4
DATE 8-4-75 8-5-75 8-6-75 8-7-75 8-7-75

SAMPLE NO. BA-207 BA-118 BA-120 BA-106 BA-106

2,4 DNT, ppb 0 0 0 0 0

2,6 DNT , ppb 0 0 0 0 0 L
TNT ,pp b 0 0 ‘~ 0 0
RDX ,pp b 0 0 0 0 0

STATION 4

DATE 8-8-75 8-8-75

SAMPl E NO. BA-177 8A-132

• 24DNT , ppb 0 0

2,6 DNT, ppb 0 0

TNT , p p b 0 0
• EDX ,pp b 0 0

STATiON 
8-4-75 8-5-75 8-6-75 8-7-75 8—8-75

SAMPLE NO. BA-73 BA-i14 BA-49 BA-178 BA-l(~4

2,4 DNT , ppb 0 0 0 0 0

2,6 DNT,pPb 0 0 0 0 0

• rNT,pp b 0 0 0 0

RDX ,pp b 0 0 0 0 0

~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _
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TABLE A— 39 (Continued)

STATION 6-A
DATE 8-4—75 8-5-75 8-6-75 8-7-75 8-8—75

SAMPLE NO. BA-215 BA-211 BA-60 BA-100 BA-97

2,4 DNT , ppb 0 0 0 0 0

2,6 DNT,ppb 0 0 0 0 0

TNT,ppb 0 0 0 0 0

RDX , p p b 0 0 5 . 0 150

• STATION 6-B
DATE 8-4-75 8-5-75 8-6-75 8-7-75 8-8-75

SAMPLE NO. BA-210 BA-214 BA-59 BA-108 BA-169

2,4 DNT, ppb 0 0 0 0 0
2,6 DNT,ppb 0 0 0 0 0

TNT ,pp b 0 0 0 0 0
RDX ,pp b 

• 
<5 0 0 0 <5

STATION 7
DATE 8—4-75 8-5-75 8-6-75 8-7-75 8-8-75
SAMPLE NO. BA-84 BA-117 BA-55 BA-176 BA-i21
2,4 DNT, ppb 6 0 0 0 0
2,6 DNT,ppb 0 0 0 0 0
TNT , ppb 13 8 c2 0 0
RDX , ppb 320 900 440 280

STATION 7-B
DATE 8-4—75 8-5-75 8-6-75 8-7-75 8-8—75

SAMPLE NO. BA-216 BA-208 BA-SB BA-99 BA-103

2,4 DNT, ppb 0- 0 0 0 0
• 2 ,6 DNT, ppb 0 0 0 0 0

TNT ,pp b 0 6 0 9 4
RDX, ppb 360 340 33 - 108 <5

STATiON 8
DATE 8-4-75 8-6-75 8-6-75 8-7-75 8-8-75

SAMPLE NO, BA-80 BA-54 BA-57 BA-170 BA-128

2,4 DNT, ppb 0 <2 s 2 0 0

2,6 DNT , ppb 0 ~-2 
0 0 0

TNT, ppb 0 0 0 10

• 
RDX , ppb • 2220 2270 2190 2300 3780

200
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TABLE A- 39 (Continued)

STATION 10
DATE 8-4-75 8-5—75 8—6-75 8-7-75 8—8—75
SAMPLE NO. BA-78 BA-1.1O BA-56 BA-180 BA-122

• 2,4 DNT , ppb • 0 0 0 0 0
2,6 DNT,pp b 0 0 0 0 0
TNT, ppb 0 0 0 0 0
RDX , ppb 180 104 0 635 250

• STATION 12
DATE 8-4-75 8-5-75 8-6-75 8-7-75 8—8—75
SAMPLE NO. BA-iS BA-212 BA-SI BA-102 BA-179
2,4 DNT, ppb 0 0 0 ‘(2 0
2,6 DNT ,pp b 0 0 0 0 0
TNT , ppb 0 0 0 0 0
RDX , ppb 0 73 42 • 59 70

STATION 13
DATE 8-4-75 8-5-75 8-6-75 8-7—75 8—8—75
SAMPLE NO. BA-81 BA-74 BA-52 BA-174 BA-123
2,4 DNT ,pp b 0 0 0 0 0 j
2,6 DNT ,ppb 0 0 0 0 0
TNT, ppb 0 0 0 0 0
IWX , ppb 5 0 22 0 40 j
STATION 14
DATE 8-4-75 8-5-75 8-6-75 8-7-75 8-8—75
SAMPLE NO. BA-82 BA-206 BA-53 BA-171 BA-126 

-‘

2,4 DNT, ppb <2 0 0 0 0
~~ . 

‘
~~: 2,6 DNT , ppb 0 0 0 0 0

2 1  TNT , ppb ~ 2 0 0 0 0
RDX , ppb 210 525 0 125 700

I
• STATION 16

DATE 8-4-75 8-5-75 8-6-75 8-8-75

SAMPLE NO. BA-76 BA-205 BA-112 BA-124

2,4 DNT , ppb 0 0 j~ 
- 0 0

2,6 DNT , ppb 0 0 • 
• 0 0

TNT ,pp b 0 0 •- 0 0
RDX , ppb 62 150 80 • 120

*
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TABLE A- 39(Contlnued )

STATION 17
DATE 8-4-75 8-5-75 8-6-75 8—7-75 8—8-75
SAMPLE NO, BA-83 BA-115 BA-113 BA-173 BA-127

• 2,4 DNT , ppb 0 0 0 0 0
2,6 DNT ,pp b 0 0 0 0 0
TNT , ppb 0 0 0 0 0
RDX, ppb <5 13 15 5 <5

• STATION 18
DATE 8-4-75 8-5-75 8-6-75 8-7-75 8-8-75

• SAMPLE NO. BA-79 BA-213 BA-ill BA-lOS BA-125
• • 2,4 DNT ,ppb 0 0 0 0 0

2,6 DNT, ppb 0 0 0 0 0
TNT, ppb 0 0 0 0 0
RDX , ppb 0 105 100 93 104

STATION 20
• DATE 8-4-75 8-5-75 8-6-75 8-7-75 8-8-75

SAMPLE NO. BA-il BA-109 BA-SO BA-lOl BA-98

2,4 DNT , ppb 0. 0 0 0 0
2,6 DNT , ppb 0 0 <2 0
TNT , ppb <2 0 <.2 0 0

RDX, ppb 98 130 120 120 215
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TABLE B-i

CHLOROPHYLL a LEVELS , HOLSION RIVER
ARTIFICIAL SU~STRATES, JUNE - JULY 1975- 

- 2-WEEK INCUBATIONS

Replicate Results (gm/rn2)

Station 1 2 3

• 4-B 0.013 0.021 -

6-A 0.028 0.051 -

6-8 
- 

0.032 0.023 -

17 0.016 0.030 -

18 0.034 - -
20 0.035 0.008 -

- f 12 0.027 - -

i-I -’
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TABLE 8-2

CHLOROPHYLL a LEVELS , HOLSION RIVER
ARTIFICIAL SU~STRATES , JUNE - JULY 1975

4-WEEK INCUBATIONS

Replica te Results (gm/rn2)

Station 1 2 3 4 5 6

• 4-B 0.024 0.026 0.036 0.052 0.050 0.056

6-A 0.056 0.053 0.026 0.041 0.088 0.053

• 6-B 0.052 0.041 0.026 0.048 0.035 0.031

14 0.001 0.002 0.002 - - -
17 0.041 0.024 0.014 - - -
18 0.040 - - - - -
20 0.028 0.013 0.021 - - -
12 0.029 0.018 0.035 0.015 0.008 -

216
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• TABLE 8-3

CHLOROPHYLL a LEVELS , HOLSTON RIVER
ARTIFICIAL SUBSTRAtES, AUGUST - SEPTEMBER 1975

2-WEEK INCUBATIONS

Replicate Results (gm/rn2)

Station 1 2 3 4 5

4-B 0.019 0.013 0.012 0.011 0.026
• 6-B 0.035 0.023 0.016 0.024 0.024

7-B 0.046 0.037 0.037 0.037 0.028
8-B 0.014 0.020 0.014 0.019 -

13 <0.001 <0.001 <0.001 <0.001 <0.001

12 <0.001 <0.001 <0.001 <0.001 <0.001
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TABLE B-4

CHLOROPHYLL a LEVELS , HOLSTON RIVER
- ARTIFICIAL SUBSTRATES, AUGUST - SEPTEMBER 1975
• 4-WEEK INCUBATIONS

- Repl icate Results (~n/m
2)

StatIon 1 2 3 4 5 6 7

4-B 0.043 0.045 0.055 0.038 0.048 0.050 0.045
-~ 6_A* 0.004 0.006 0.005 0.001 0.001 0.001 0.004
- 0.003 0.004 0.001
- 6-B 0.047 0.034 0.039 0.043 0.041 0.052 0.034

7-B 0.039 0.033 0.027 0.024 0.008 0.018 0.103
- 

8-B 0.007 0.018 0.014 0.031 0.009 0.018 0.031
12** 0.001 0.001 0.007 0.001 0.002 0.001 0.004

0.003

- 

* 10 ReplIcates
- ** 8 Replicates

218 
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TABLE B-5

ORGANIC BIOMASS LEVELS, HOLSTON RIVER
• ARTIFICIAL SUBSTRATES, JUNE - JULY 1975

2-WEEK INCUBATIONS

Replicate Results (Ash Free Dry Weight) (gm/rn2)

StatIon 1 2 3 4 5

• 
~• 

4—B 5.49 9.23 2.77 4.21 5.17

6-A 1.92 2.19 3.04 3.73 3.25
• 

6-B 2.45 4.00 4.37 4.00 1.81
14 4.48 7.57 4.27 4.96 7.52
17 0.85 2.67 2.13 3.73 2.29
18 12.30 11.50 11.60 15.00 7.73
20 6.61 6.40 5.71 5.97 6.35
12 2.67 3.25 6.93 4.05 2.45

1
ii

- 

I
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TABLE B-6

ORGANIC BIOMASS LEVELS , HOLSTON RIVER• ARTIFICIAL SUBSTRATES, JUNE - JULY 1975
4-WEEK INCUBATIONS

— 
Repl icate Results (Ash Free Dry Weight) (gm/rn2)

Station 1* 2 3 4 5

4—B 3.87 5.32 6.35 3.46 4.13

6.97 3.72 7.39 10.10 7.80

• 6-A 5.53 9.25 8.52 8.63 7.49
9.25 7.81 7.08 5.81 10.40

6—B 4.55 1.45 4.60 8.37 7.65
6.41 5.22 5.06 2.53 12.00

14 3.72 2.79 3.31 3.05 3.09
6.87 6.51 6.72 4.33 5.06

17 1.66 2.43 1.50 1.91 2.43
2.07 6.15 3.82 3.41 5.89

18 5.22 2.74 2.58 3.56 4.34
4.14 6.56 6.53

• 20 2.84 1.55 2.01 1.65 1.65
1.14 2.11 2.12 2.94

12 4.24 2.07 3.25 1.81 2.02
3.52 3.46 5.17 3.82 4.49

* 8-10 ReplIcates

220
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TABLE B-7

• ORGANIC BIOMASS LEVELS , HOLSTON RIVER
ARTIFICIAL SUBSTRATES, AUGUST - SEPTEM BER 1975

2 WEEK INCUBA TIONS

Repl icate Results
Station (Ash Free Dry Weight)(gm/m2) (
4-B 1.83 2.56 1.61
6-B 1.53 2.93 3.94 

-

7-B 4.93 2.10 6.77
8-B 1.78 0.48 1.34
13 2.05 3.20 3.15
12 3.15 2.98 3.47 - •

T
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TABLE B-8

CALCULATED NET PERIPHYTON PRODUCT I ON
HOLSTO N RIVER , ARTIFICIAL SUBSTRATES

JUNE - JULY 1975
2-WEEK 1NCIJBATIONS

Net Production (gm C/rn2 day~~)- Caic. from :

Station Chlorophyll a Organic Biomass

4-B 0.07 0.19
6A 0.17 0.10
68 0.12 0.12
14 — 0.21

• 17 0.10 0.08
18 0.14 0.41

20 0.09 0.22
12 0.12 0.14



TABLE B-9

CALCULATED NET PERIPHYTON PRODUCTION
HOLSTON RIVER , ARTIFICIAL SUBSTRATES

JUNE - JULY 1975
4-WEEK INCUBAT IONS

Net Production (gm C/rn2 day 1) - Caic. from:

Station Chloroohyll a Organ ic Biomass

• ¶ 4-B 0.09 0.10
6—A 0.11 0.15
6-8 0.09 0.10
14 0.004 0.08

17 0.05 0.07
18 0.09 0.08
20 0.04 0.04
12 0.05 0.06

!
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• TABLE B-10

CALCULATED NET PER IPHYTON PRODUC TION
HOLSTON RIVER , ARTIFICIA L SUBSTRATES

AUGUST - SEPTEMBER 1975
2-WEEK INCUBATIONS

Net Product ion (gm C/rn2 day~~)- Caic. from:

Station Chlorophyll a Organic Biomass

• 

4-B 0.07 0.07
6-B 0.10 0.10
7—8 0.16 0.17
8-8 0.07 0.04
13 - 0.14
12 - 0.11

224
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TABLE B—il

CALCULATED NET PERIPHYTON PRODUCTI ON
HOLSTON RIVER , ARTIFICIAL SUBSTRATES

AUGUST - SEPTEMBER 1975
4-WEEK INCUBATIONS

Net Production (gm C/rn2 day~~)

Station Caic. from Chlorophyl l a

4 0.10
• 6-A 0.01

6-B 0.09
7-B 0.08

- 8-B 0.04
12 0.01
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COMPUTATIONAL METHODS

Coninunity Analysi s

Introduction

Blotic components of water quali ty are generally quantified by one-
dimensional diversity indices when single samples or stations are examined ,
or two-dimensional coefficients of biotic similarity when sample/sample ,
station/station, or species/species comparisons are undertaken.

Diversity indices are mathematical expressions that describe the
distribution of Individuals within the coninunity . There are a number of
diversity expressions in use. In general , max imum d ivers i ty ex ists if
each individual belongs to a different species. Minimum diversity exists
if all individuals belong to the same species . An env ironmental parameter
that influences coninunity structure will also modify the diversity index .
In cases where environmental stress may occur (such as competition among
species, physiochemical limiting factors, or pollution), the coninunity is
reduced in the number of species present. Frequently, this reduction in
the number of species Is accompanied by an increase in the number of m di-
viduals of the remaining species, especially in the case of organic pollu-
tion. Environmental stress, therefore , tends to reduce the magnitude of

$ di versity indices. One-dimensiona l diversity indices include the Shannon-
Weaver Species Diversity , Evenness , and Simpson ’s Index of Dominance.

Coefficients of biotic similarity quantify the taxonom ic overla p
between two samples or stations. Most of these coefficients assume values
between 0 and 1 , where a value of 0 indicates no species overlap, and a
value of 1 imp lies identical species composition . Morisita ’s In dex of
Fauna ) Affinity and the Pinkham—Pearson ’s Index of Biotic Similarity are
measures of blotic similarity .

In this study data processing subsequent to manual taxonomiç
Identification/confirmation was executed through the IBM 370/OS system at
the Northeast Regional Data Center of the State University System of Florida

• (NERDC). Diversity indices and coefficients of similarity were calculated by
proprietary FORTRAN IV routines. The phenograms were generated through
application of the NT—.SYS Numerical Taxonomy System developed by Rohlf,
Kishpaugh and Kirk at Stony Brook (1974).

Shannon—Weaver Species Diversity Index (IT)

The Shannon Weaver Species Diversity Index , ~~ (Odum, 1971) is - I -

defined as:
I-

lTe~~ 1~l 
..~~~~~~~

. in 1.
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where n1 total number of organisms persent as species I

N = E n.~ = total number of organisms present In the sample
1=1

t = number of taxa present in the sample

lie ranges from a minimum of 0.0, occurring when all organisms belong to the
same taxon (no diversity), to a maximum of ln N , occurr ing where each
organism present belongs to a unique taxon (maximum diversity).

The Shannon-Weaver Index is comonly expressed to other logarithmic
bases, espec iall y base 2 and base 10, and is easily converted by the follow-
ing expression:

He
basex — m x

• Evenness (e) 
-

If the organ isms of a sample are uniformly distributed among the
taxa present, the Shannon-Weaver Index assumes the value, in t, a condition
of perfect evenness in the apportionment of individual s among species. The
Index of Evenness, e (Odum , 1971), expresses the actual Shannon-Weaver Index
as a frac tion of th is “ ideal” va l ue :

e -

~~~

-

~~ 
(defined for t >1)

where 
~e 

= actual Shannon-Weaver Species Diversity Index

t = number of taxa present In the sample

Evenness ranges from 0.0 (mInimum evenness) to 1.0 (perfect evenness), and
the calculated values are independent of the logarithmic base.

Simpson ’s Index of Dominance

The degree to which numerical dominance of a comunity is concentrated
in one, several , or many species may be quantified by Simpson ’s Index , c
(Odum, 1971):

~~

1~1 (~~~~~~ )

where n1 = number of Individual organisms present as species I
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t
N total no. of organisms present in the sample.

r t = number of taxa present in the sample

Simpson ’s Index ranges from 1/N, occurring when each organism represents a
unique species (minimum dominance), to 1.0, occurr ing when all  organ i sms
represent the same single species (maximum dominance). In an evenly-
dominated commun ity, Simpson ’s Index assumes the value , l/t , where t is the
number of taxa observed in a sample -- H and e, for suc h a case , assume
respective magnitudes of in t and 1.0. Simpson ’s Index is therefore In-
versely related to species diversity and evenness.

Pinkham-Pearson Index of Biotic Similarity (B)

Each of the previously discussed indices (iT, e, and c) quantify
commun ity structure wi th a sacrifice of taxonomic integrity important to
paired comparisons between samples or stations. Such indices are incapable
of distinguishing samples of similar gross community structure, but unl ike
taxonom ic composition . That is , in computation , the I th species of one
sample is not necessarily the same t.th species of anöther sample.

This insensitivity to taxonomic overlap Is sunnounted by the Pinkham
Pearson Index of Biotic Similarity , B (Pink han and Pearson, 1974) defined
as:

t
B ~

- £ Mm (“iA , “IB )
lxi Max 

~~~ 
niB)

where t number of taxa considered

~1A a number of organisms of species I present at Station A

~1B a number of organisms of species 1 present at Station B
Mm 

~“iA’ ~~~~~~ 
the min imum value of the pair: 

~iA’ “lB
Max (NIA , 

~iB~ 
the max imum value of the pair: 

~iA’ “lB

Blotic similarity is defined only for a paired comparison between two
samples or stations. If two samples are characterized by Identical taxo-
nomic overlap (all species occur in identica l abundance), the calculated
index assumes a value of 1.0 (maximum similarity). Two samples possessing
no species in coiiuion share an index of 0.0 (minimum or no similarity). The
number of species considered, t, may Include only those species observed in
either or both of the two samples, or, If mutual absence is deemed important,
may include species not necessarily present in either sample. If mutual
absence is considered important, Mm (0,0) 1 and Max (0,0) 1 in the
computation of blotic similarity .
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A biotic similarity index, B’, between species may be defined on
spatial and numerical occurrence by transposition of the axes in the preced-
log expression of station similarity:

B’ Mm (flj1, “j2)
Max (np’ ~j2~

where: k = number of samples or stations considered

nj1 = number of organisms of species 1 at Station j

= number of organisms of species 2 at Stat ion 1
Mm (flj 1i flj 2 ) a the minimum value of the pair: “jl’ ~~

Max 
~“j l ’  ~j2~ 

a the maximum value of the pair: 
~~~ 

n~2

This index likewise ranges from 0.0 (minimum similarity) to 1.0 (maximum
similarity). B’ may possess utility for grouping species according to
environmental preference or pollution tolerance--that is, it may delineate
“ind icator organisms.” 

-

Phenograms

The quantification of similari ty between paired stations, samples, or
species by any of the previously-defined coefficients of similarity generates
a diagonal matrix containing PC unique elements, where PC Is calculated from
the expression (Pinkham and Pearson, 1974):

PC • S (S - II
2

where : PC number of unique paired comparisons

S number of stations, samples, or species being compared

For a study comprising only 25 stations, a similari ty matrix of 300 unique
elements Is produced. Evaluation and presentation of such a voluminous
matrix Is Impractical without computer-aided analysis and graphic models.

Algorithms for clustering similarity matrices into two-dimensional ,
hierarchic relationships have been developed by numerical taxonomists (Sokal

~ r and Sneath,1963). A technique frequently invoked by ecologists and generally
regarded as Introducing the least distortion Into similarity relationships
is the sequential , agglomerative, hierarchic , nonoverlapping clustering method
(SAHN) usbg unweight d pair-groups with arithmetic averaging (UPGNA) , de-
scribed by Sokal and Sneath (1963). The product of this procedure Is a branched
diagram termed a phenogram (ordendrograin), illustrated below for a study of
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diatom populations at six stations in the Hoiston River. This phenogram,
like those conta ined in the curren t study, was generated directly by corn-
puter using the NT-SYS Numerical Taxonomy Package (Rohlf,Kishpaugh , and
Kirk , 1974).

The horizontal scale or abscissa of the phenogram is graduated in
the units of the similarity measure upon which the clustering was based --

- - In this case, the Pearson—Pinkham Biotic Similarity Index (mutual absence
± - unimportant). Points of -furcation (branching) between the horizontal stems,

representing stations or groups of stations imply that the similarity
between the - two streams is at the coefficient value shown above the
branch on the abscissa. The magnitude of similarity between stems is also
shown to the right of the phenogram under the column heading , “Level ;“ these
numbers give the exact similarity level at which each stem (station or group
of stations) joins the stem below it. Stems are associated with ,thetr

-
- 

~
- respective stations by labels to the right under the column heading “Station.”

The magnitude of similarity betweer any two stations represented on
the phenogram will , in general, differ from the corresponding magnitude
given in the original similarity matrix. This arises as a consequence of
the averaging necessary to recursively agglomerate the separate stations
into a single, structured set containing all the stations. In the illustra-
tive phenogram, the level of similarity between Stations 6B and 14 is shown
to be 0.2044, whereas, in the original similarity matrix (not shown), the
magnitude is given as 0.1720. The phenogram value is the arithmetic average
of the original similarity indices of Stations 4B and 68 (the cluster con-
taining Station 6B) respectively paired with Stations 12, 18, 20, and 14
(the cluster containing Station 14).

The degree of distortion resulting from the cluster analysis may be
quantified by the cophenetic correlation coefficient, rcoph , defined as the
product moment correlation coefficient computed between the elements of the
original similarity matrix and the corresponding indices implied by the
phenogram (Sokal and Sneath, 1963). High values of rcoph (rcoph >0.8 for
fewer than 10 stations) indicate that the distortion Introduced by the
clustering procedure and depicted by the phenogram has not significantly
masked the informational content of the original similarity matrix.

Chemical Water Quality Analysis

Distance Coefficient

.

~
The prior discussion has focused upcn t~,e numerical measures generallyapplied to biologic data. A somewhat more ~jenera1ized approach to pairedcomparisons between stations, readily extended to the interpretation of

chemical data , is the distance measure. The procedure treats stations as
points in an n-dimensional hyperspace, where the n coordinates of a station

L are the values of the n chemical or chemical/biologic parameters considered.
Analogous to the biotic similarity coefficients, a matrix of Euclidean dis-
tance coefficients is calculated from the expression (Sokal and Sneath,l963): -

LI 
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r n

~AB L i~l 
(X IA - X i8)J

where = the Euclidean distance between Stations A and B

n = the number of chemical or chemical/biologic parameters
considered

XIA = the magnitude of the I th parameter at Station A

X IB = the magnitude of the i th parameter at Station B

Clustering Is then executed by grouping together station pairs posses-
sing low distance coefficients, that Is, stations close to one another in
Eucl idean hyperspace.

Difficulty in considering parameters of widely different magnitudes
and ranges is overcome by normalization of all parameters to standard
variables, ZIA, with zero mean and unit variance.

iA~ -;

where ZIA = the standardized magnitude of parameter I at Station A

X IA = the measured magnitude of parameter 1 at Station A
= the mean measured magnitude of parameter I (all stations
considered)

= the standard deviation of parameter I (all stations j
considered)

In computation, Z1A and Z18 respectively replace X IA and X IB in the
expression for 

~AB
The magnitude of the Eucl idean distance, 

~AR’ 
Increases for any pair

of stations as the number of parameters considered is increased. To elimi-
nate this dependence, an average distance, 

~~~~~~ 
may be calculated (Sokal

and Sneath, 1963):

- 
- dAB E.%J

’ 1:
where d~ 

a average distance between Stations A and B
• Euclidean distance between Stations A and B

n a number of chemical or chemical/biologic parameters - 
-

considered.
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I]
For standardized, independent, normally-distributed parameters, the expected
value of 

~AB converges to IYas n approa ches infinity , (Sokol and Sneath,
1968).

Biologic Sampling Requirements

Estimation of biologic community structure in natural substrates is
con-founded by the oft-noted heterogeneity or spatial patchiness of organisms.
Sampling of such populations should be conducted so as to provide both an
Indication of the degree of heterogeneity and some (albeit hypothetical)
mean measure of standing crop and structure to allow quantitative comparison
of sampl ing zones or stations.

A biologic community may be considered to possess base population
characteristics (density, constituency) governed by gross controlling
macrophenonema (i.e. munitions wastes) to which are superposed population
variations of lesser magnitude (the apparent random error). The sampling
objective is realized when a minimum area or vol ume Is collected such that
the error caused by random variations Is acceptably small.

In practice , the minimum sampl ing requirements are generally un-
known at the time of collec tion , unless the investigator has had the
benefit of prior studies or preliminary field surveys. If prior informa-
tion Is unavailabl e, the investIgator may choose to bracket the likely
requirements and rely upon subsequent detailed laboratory analyses at
representative stations to provide that information -- the costs of addi-
tional sample collect ion Is usuall y ins ign ifi can t relative to the bas ic
expense of a site visit.

One approach to the laboratory determination of minimum sampling
requirements is to collect and analyze replicate sets of samples at select
sta tions , each set constituting a unique sampling area or volume. A mean
population parameter (diversity , standing crop) may then be plotted against
sample area or volume analyzed, bracketed by the calculated standard
deviations or confidence l imits. Sample size is determined by locating
that minimum area or vol ume where the slope of the plotted data approximates
zero and is bracketed by acceptable error limits .

A disadvantage of this procedure is the requirement for col lecting
and identifying independent replicates of each sample size considered. For
an i l lustrative case , the Investigator migh t col lect triplicate sample sets
comprised of 1.2, 1.8, 2.3, and 2.9 ft2 of streambed material if he were
studying macrobenthic sampl ing requirements. These represent a total of
24.6 ft’ of bottom sediment area and 43 grabs of a 9” x 9¼ (60 lb) Ponar
dredge or 98 grabs of a 6” x 6” Ekman dredge, both standard benthic samples.

- - Aside from being physically abusive and expending substantial amounts of
costly taxonomlc identification time, such a program might require disrup-

- .  tion of more substrate area than exists In a particular sampling zone.

A modified procedure, applied to this study, utilized the recoinbina-
;- i tion of subsets of the same sample set to estimate mean Shannon-Weaver
F- - I diversity for any particular sample size. This allowed the determination

~~~~~~~~~~~~~~~~~~~~~~~~ -—~~~~
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of mini mum sampling requ i rements with much greater economy of collection
and identification at a sacrifice , however , of precise error limits . For
the illustrative case of the prior paragraph , one set of samples total ing
2.9 ft2 -- 5 hauls of the Ponar or 12 hauls of the petit Ekman dredge could
be collected. A plot of mean diversity versus number of dredge hauls
jcorresponding to varying substrate areas) would be prepared. Mean diversity ,

‘ix for x dredge hauls woul d be calcula ted as :
K .

X x

where k = c(m ,x) = m! = the number of combinations of m dredge
x!(m-x)! hauls taken x at a time

m = the total number of dredge hauls col lected at a sampling
site

H~ = the Shannon-Weaver divers ity based upon the cumulative
X taxonom ic da ta of a par ticular combi na ti on , j of x dredge

hauls .

Error limits estimated for iTx are based upon k-l degrees of freedom. Since
k-l approaches zero as x approaches m , the total number of dredge hauls
collected should be somewhat greater than the expected minimum number of
dredge hauls required to obtain a reasonably constant estimate of the
population diversity . -

For macrobenthos both artificial and natura l substrate samples were - I
taken. The artificial substrate samplers (Hester-Dendy samplers) were
disassembled in the field and preserved on a plate by plate basis. Hence,
a replicate consisted of a single plate . For three different sampling -.

sites 15 or 16 plates were counted and tabulated . Utilizing a computer to
minimize data processing time, combi na ti ons of repl icates were pooled
utilizing 1 , 2, 3, etc. total replicates . Mean pooled Shannon-Weaver
values are shown in Figure C-2. In all cases it can be seen that Shannon-
Weaver values increased as sam ple size (tota l num ber of rep l icates pooled ) -~

increased up to about seven samples . Addition of more samples to the pool
beyond that point had little or no effect on the mean Shannon-Weaver value. - .

Based on these results , seven plates (pooled) were considered to be suffi-
cient to obtain a reasonable estimate of the Shannon-Weaver diversity for
the remaining sampling sites.

For macrobenthos in natural substrates the identical procedure was
utilized to show that five dredge samples would be sufficient (see Figure
C-3).

For diatom populations on artificial substrates (glass slides)
this procedure showed five slides to be sufficient (see Figure C-4). - -
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FIGURE C-3. MEAN DIVERSITY - REPLICATE PLOTS OF MACRO BENTHOS
COLLECTED FROM ARTIFICIAL SUBSTRATE SAMPLERS DURING
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SAMPLING MATRIX FOR HAAP METALS IN THE WATER COLUMN
— AUGUST SURVEY 
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