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~ A winter survey was conducted in Waconda Bay , La ke Chi ckamau ga. The
Bay is the receiving water for TNT-manufacturing wastes from Volunteer
Army Ammunition Plant located northwest of Chattanooga , Tennessee .

Field work was carried out in two phases . The fi rs t , completed in
December , determined flow and dispersion patterns in Waconda Bay , munitions
levels tn the lake water and sediments and other limnological parameters
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20. Abstract (cont. )

the-system. The Phase .1 survey determi ned that munitions levels were
- ---sufficiently high to justify an intens ive biological study at a later

date and provided data for locating sampl ing sites coveri ng the full
range of concentrati ons .

The second part of the investigation was completed during March and
examined the effects of TNT wastes from VAA P on the periphyton and macro-
invertebrate communities, A r igqrous supp l ementary study determined the
stati stical variability occurring in peri phyton colonizing glass slides .

/
Utilizing the population density and conmiunity structure of these 1’

selected biological compartments , estimates were made of effect levels
from mun itions waste. ,~In the na tural su bstrate no ef fects coul d be
discerned in either nt~mber of spec ies , population dens i ty,or conviiunity
structure for both peri phyton or macroinvertebrates at locations 3,000
feet downbay from’t e point of was te entry where total TNT concentration
averaged less than 25 iig/l. During the 30 day exposure period for
artificial substrates , samples of VAA P effluent were collected and
analyzed for TNT . Concen trat ion of 5 munitions compounds averaged 575 u9/
and ranged as high as 2 ,370 ~ig/ l. In the 0-3 ,000 foot zone , definite
effects were noted in the periphyton and macroinvertebrates colonizing
artificial substrates . Effects were manifested by shifts in population ,
number of species , and community structure.

v-the results of the study indicate no environmental effect on pen-
phyton or macroinvertebrates from a complex TNT manufacturi ng effluent
at a total munitions concentration of less than 25 ~g/ l. Definite
effects were noted during a period w~ten~tota l munitions averaged 500-
6OQ~-~~~i)with a peak of over 2 ,O00~~g/h Concentrations believed to be
in the ‘r~ange of 50-100 ig/l produced mtnimal éffects~
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EXECUT I VE SUMMARY

Field surveys were conducted during December , 1976 , and March , 1977 ,
in Waconda Bay to determi ne the distribution and effect on periphytor i and
inacro invertebrates of TNT effl uent discharged from Volunteer Army Ansiiunition
Plant. The study was an extension of a 1975 suniner effort to determine no-
effects levels for munitions compounds in fresh water.

The study was di vided into two phases . Phase I, completed in December .
defi ned the movement of the eff luent in the bay to aid in selection of chem-
ical and biologic sampling sites for the more extens i ve Phase 11 work . A
dye tracer study uti lizin g Rhodamine B , in situ, and total munitions measure-
ments were utilized in Phase I . Resul ts showed that dis persion of effluent
into the Bay was most influenced by reservoir stage changes . A nisinq stage
had the effect of holding the eff luent in the upper part of the Bay while a
drawdown period moved effluent rapidly downbay .

Durin g a one-week intensive sampling period , total mun i t ions concen-
tration was highest in the fi rst 3,000 feet from the waste outfall. Mean
total levels were as hi gh as 397 pg/i . The principal munitions compounds
near the discharg e were 2,4-DNT , 2,6-DNT , and 2,4,6-TNT . Analysis of data
from this first phase shows that pollutant concentration in the init ial 3.000
feet was about 0.5 to 1 times the effluent concentration. Levels diminished
rapidly the next 1 ,600 feet to 0.01 to 0.05 times that of the effluent. Base d
on resul ts of the December study, stations for Phase II were grouped in high ,
medium , and low concentrat ion zones . Chemi cal an d b io logica l  cha rac te r i za t i ons
were determined for water and sediments . Low stage conditions which continued
to prevail during March (Phase II) caused a channel to form, exten ding about
3,000 feet beyond the ou~fai l .

Daily munitions analysis during the firs t week in March showed that
hi ghest levels occurred consistently in the channel. Average total mun itions
concentration in th i s  area was 78 ~g/l with the principa l components being

~,4—DNT , 2,6—DflT, an d 2 .4,6—TNT . Total munitions concen tration in the effluent
dur in g th is t ime based on average 24 hour composites , was 89 pg/ i .  I t  i s
apparent that little dilution was occurring in the channel . Concentrations of
munitions compounds dropped significantly beyond the channel . Relative to
other compounds only three of the individual Bay samples showed 2.4-ONT and
five samples conta i ned l ,3-D~4B . Onl y l ,3,5-TNB showed increased levels
downbay . It appears that this compound is a breakdown product of 2,4,6-TNT .
No l ,3,5-TNB was detected in the plant effl uent.

In early March total nitrogen in the channel averaged l4..~ mg/i with
approx ima tely 79 percent occurring as N03-N. Concentrations downbay showed a
gradua l reduction. The N levels in the medium zone averaged 5.6 mg/ i with
nitrate occurring again in the same proportion. Outer bay stations reflected
a mean n itrogen content of 4 ing/l with N03-N concentration as the most
significant form. Other constituents such as chlori de, total hardness , and
sulfa te followed a sim ilar patteru of decreasing concentrations downhay

.3
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For a period of one month whi le ar t i f ic ia l  substrates were exposed
in Waconda Bay . 24-hour composite samples were collected of VAAP effluent.
Resul ts show that averaqe levels during the incubation of biological s amplers
were hi gher than during the early March field survey . Total muii it ions in the
channe l probably were near :~,00O pg/l at a maximum and averaged 500 ~q/l
Organisms in the intermediate zone just beyond the channel were like ly exposed
to a concentrat ion of 50 — 100 pg/ i

Pen phyton and macro i uvertebrates were the bi 01091 cal components
selected for study. Of these. periphyton analysis provided the most useful
information . COmIIIUU I ty s tructure was exami ned foil owi nq a 31)—day colon i at ion
of standard gla ss microscop e slides . Suspension units conta ining up to 8
perip hytometers were ut iii ~ed dur i ng incubation. A correlat ive s tudy examined
between sl ide an d wi thin  sl i de var i ab i l i t y  us i n g popula t ion  si:e and species
d ive r s i t y as vari a b l es .

The pen phy ton popu 1 a t ion dens i ty was highly correlated w i th
concentrations of VAAP effl uen t. Popu I ati 00 Si .~CS expressed as no/mm~ were
a l l  1 ess than 1 ,000 in the narrow channel . As the channe l widened where down—
bay water mixed and diluted the waste , populations increased two orders of
n~ qni tude and rema ined at this leve l throughout Waconda Bay . Treatn~ nt o f the
data by the P1 nkham—Pearson Simi 1 an ty index s howS t hi 5 re lat io nShip among
sta tions . Levels of chlorophyll a and organic hi omass add support. to th is
latter concl us ion . Chlorophyll a on ~-o loni .ed s l ides at the va rious stations
show a distribution consistent w i th  popuhi t ion coun ts . Organic hiomass
fol low s a sim ilar pattern. However Shannon—Weaver di vers I ty  di d not corre l ate
wi th  muni t ions concen t rations. This index appears to be of l imited va lue in
s I tua t ions where the main envi ronmen ta 1 response is a chanqe in popul at ion
density .

The statist ical analysis I udi cates tha t. a princip al source of van ab i l i ty
in est imat in g either d ivers i t y  or pop ulation s i :e of periphyton coloni :iiig
anti fi cial substr ates is t he  di ffe reuce amonq direct microscopic f ie ld counts
within indiv idual s 1 ides . Unequa l distr ibut ion of ongafli Sin s which occurred
duninq the drying of the al iquo t on the g lass covers 1 ip produced th is van —

abi l i ty . Locations near the edge of the covers lip had lowet’ popul ations than
those near the center. The rt’sul t of an uneven il ls tn but ion of diatoms is a
masking of al iquot and sl ide to slide var i a t ion.  The erro r due to dryinq on
the covers u p  must he reduced before a full iinde rs t and i nq of pe ni phy ton var i —

ability can be attained.

Macroinverte h rate dis trihution in sediments did not reveal c lear ly
defined re lationships to TNT waste products . Low populations encountered
because of the cold season are cons i dered as the principal reason . Mi dges
which are an abundant form i n Wacond a Bay colon i :e mai nly dun 09 the suniner
hut are sparse during the winter. Species dominatin g in thL ’ flarch survcy
were Pj’pc ladius s p. , Coelotanypus spp . and a Ch i ronomus s p . Pr o c ia d ius
domi nateJ in the channe~ neares t to the out falT anct may have represen ted a
form toleran t to the wast e ’ .
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Chi ronomids also dominated Hester-Dendy artificial substrate samplers .
The data show a more defined relationship among stations than is apparent
with sediments . Even so the definition is not clear cut. There appears to
be maximum impact in the 3,000 foot channel section with a suggestion of
transition zones in the outer bay areas. Overall the results suggest that
macroinvertebrates are not as useful a parameter to study TNT effects duri ng
a winter sampling effort as are peri phyton .

It shoul d be noted that the observed correlations between munitions
concentrations and biologic responses do not establish precise cause and
effect relationships . The complex effluent at VAAP contains many compounds
that vary in concentration with regard to the specific munitions-unique
compounds measured . These compounds may be factors also in the effects
observed.

Nevertheless, based on the winter survey , no biological effects were
discerned when total munitions concentration was less than 25 pg/i . Definite
effects were noted when munitions levels averaged 500 - 600 pg/l with a peak
of around 2,000 pg/i . Minimal effects were observed at munitions levels in
the range of 50 - 100 pg/i . These data suggest a no-effects level of 25 pg/ i
for a complex TNT effl uent.

Li

5



. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE OF CONTENTS

PAGE

TITLE PAGE 1

ACK N OWLE D GE~EN TS 2

TAB LE OF CONTENTS 6

LIST OF TABLES 7

LIST OF FIGURES 8

INTRODUCTION

PHASE I - FIELD SURVEY 11

PHASE I I  - CHEMISTRY 17

Introduction 17
Characterization of Water Quality 17
Characterizati on of Sediment Quality 26

PHASE I I  - PER I PHYTON 29

Introduction 29
Arti fi cial Substrate Coloniza tion 29
Natural Substrate Colonization 32
Fi l amentous Algae
Chlorophyll a and Organic Biomass 44
Vital Stain

PHASE II - MACROINVERTEBRATES
Introduction
Environmental Conditions F
Natural Substrate Colon i zation 50
Artificial Substrate Colon ization 54

DISCUSSION AND CONCLUSION 60

REFERENCES 62

APPENDIX A PHASE I AND I I  SURVE Y - FIGURES AND TAB LES 65

APPE NDIX B ANAL YTICAL PROCED URE S 101

APPENDIX C WATER QUALITY AND VAAP EFFLUENT ANALYSES 113

APPENDIX D PERIPHYTON METHODS l2il

APPENDIX E STAT ISTICAL METHODS 128

APPENDIX F ~1ACROINVERTEB RA TE h~ETHODS 156

APPENDIX G CO~-1PUTAT I ONAL METH ODS l6~
6 

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



LIST OF TABLES

TABLE DESCRIPTION PAGE

1 WATER MUNITIONS DATA MEAN VALUES - DECEMBER 1976 13

2 SEDIMENT MUNITIONS ANALYSES , DECEMBER 1976 14

3 MEAN VALUES FOR CHEMICAL ANALYSES OF DAILY SAMPLING
DURING THE PERIOD MARCH 1-5, 1977 18

4 MEAN VALUES FOR MUNITIONS ANALYSES OF DAILY SAMPLING
DURING THE PERIOD MARCH 1-5 , 1977 22

5 SEDIMENT ANALYSES , MARCH 1977 28

6 A COMPARISON OF POPULATION SIZE AND NUMBERS OF SPECIES
IN CULLED AND UNCULLED DATA AT 1%,PERIPHYTON.-ARTIFICIAL
SUBSTRATE 30

7 VAA P PER IP HYTON ,ARTIFICIAL SUBSTRATE , MARCH 1977 31

8 SHANNON-WEAVER INDICES (W) FOR VAAP ARTIFICIAL SUBSTRATE
DIATOMS , WINTER SURVEY , 1977 34

9 INVENTORY OF NATURAL PERIPHYTON SUBSTRATE SAMPLES
COLLECTED FEBRUARY 28, 1977 36

10 VAAP PER 1PHYTON , NATURAL SUBSTRATE, CULLED 1% , MARCH 1977 37

11 PRESENCE-ABSENCE DATA FOR FILAMENTOUS ORGANISMS COLLECTED
FROM VAAP ARTIFICIAL SUBSTRATES , MARCH 1977 43

12 PERIPHYTON CHLOROPHYLL 
~~,, 

BIOMASS AND AUTOTROPHIC INDEX
MARCH 1977 — 47

13 VIABLE CELL RATIOS IN VAAP PERIPHYTOM , MARCH 1977 48

14 CHARACTERISTICS OF THE BENTHIC SUBSTRATE AT THE SAMPLING
STATIONS WITHIN WACONDA BAY AND THE RE FERENCE BAY AS
OBSERVED FROM DREDGED MACRO INVERTEBRATE SAMPLES . 51

15 VAAP MACROINVERTEBRATES,NATIJRAL SUBSTRATE , MARCH 1977 52

16 SHANNON-WEAVER DIVERSITY INDICES (W) FOR VAAP NATURAL
SUBSTRATES, MACROINVERTEBRATES , MARCH 1977 53

17 VAAP MACRO INVERTE BRATES , ART I Fl CIAL SUBSTRATE , MARCH 1977 56

18 SHANNON-WEAVER DIVERSITY INDICES (ii) FOR VAAP ARTIFICIAL
SUBSTRATES MACRO INVERTEBRATES , MARCH 1977 58

t

7

~~ _ _ _  ~~. IL ~~~~~~~~~



LIST OF FIGURES

FIGURE DESCRIPTION PAGE

1 VICINITY MAP OF VMP STUDY AREA. 
- 

10

2 SAMPLING STATIONS IN WACONDA BAY AND ADJACENT REFERENCE
BAY A - SUMMER 1975 SURVEY . 12

3 SAMPLING SITES FOR PHASE II STUDY . 16

4 NITRATE-NITROGEN MARCH 1-5 , 1977. 19

5 AMMONIA NITROGEN MARCH 1-5 , 1977 . 20

6 CHLORIDE CONCENTRATION MA RCH 1-5, 1977. 21

7 TOTAL MUNITIONS , MARCH 1-5, 1977 . 23

8 PI-IENOGRAM OF CHEMICAL DATA , COPHENETIC CORRELATION
COEFFICIENT 0.951. 25

9 TOTAL MUNITIONS CONCE NTRATION IN VAAP EFFLUENT DURING
MARCH , 1977. 27

10 PHENOGR A M OF PER I PHYT ON , ARTIFICIAL SUBSTRATE , CULLED 1%,
MUTUAL ABSENCE IMPORTANT. 33

11 PHENOGR A M OF PERIPHYTON , NATURAL SUBSTRATE . 42

12 PER IPHYTON CHLOROPHYLL ~,ART I F I C I AL SUBSTRATE , MARCH , 1977 . 45

13 PERIPHYTON BIOMASS, ARTIFICIAL SUBSTRATE , MARCH , 1977. 46

14 PHENOGRAM OF MACROINVERTEBRATES , NATURAL SUBSTRATE , CULLED
AT 4%~ MUTUAL ABSENCE IMPORTANT, COPHENETIC CORRELATIONCOEFFICIENT 0.917 .

15 PHENOGRAM OF MACROINVERTEBRATES , NATURAL SUBSTRATE~UNCULLE0,MUTUAL ABSENCE UNIMPORTANT , COPHENETIC CORRELATION
COEFFICIENT 0.900.

16 PHENOGRAM OF MACROINVERTEBRATES , ARTIFICIAL SUBSTRATES
CULLED AT 4~1~ MUTUAL ABSENCE IMPORTAN1 COPHENETIC
CORRELATION COEFFICIENT 0.902 59

17 PHENOGRAM OF MACROINVERTEBRATES , ARTIFICIAL SUBSTRATE ,
UNCULLE D, MUTUAL ABSENCE UNIMPORTANT , COPHENET IC CORRELATION
COEFFICIENT 0.882 59

8 

____ 

— — —.



~~~~~~- - -~~~~~~~ -~~~- -, .
—

~~ 

INTRODUCTION

The Volun teer Army An inunition Plant (VAAP ) is situated on 7,300 acres
northwest of Chattanooga, Tennessee and manufactures trini trotoluene (TNT)
on a contractor-ope’~’ated basis. Wastewaten from VAAP drains northward into
a series of treatment lagoons and :s discharged into the head of Waconda
Bay after undercioinq ph adjustment with lime . Fig ure 1 shows Wacon da Bay
in relationship to Harrison Bay and Lake Chickamauqa.

The purpose of this study was to determine the effects of munitions
wastes on periphyton and macroinvertebrates during the cold season . The
investigation was dua l -phased initiated by a dye study coupled with abbreviated
env i ronmenta l samplin g . The main objective of the Phase I study was to
determ ine if sufficient concentrations of munitions wastes were present in
Waconda Bay to justify more intenstive biolo gic work and , if  so , to selec t
sam p l i ng si tes so tha t the f u l l  ran ge of mun iti ons concen tra ti ons could be
evalua ted.

The Phase II work included more intensive biologic sampling of pen-
phyton and macroinvertebrate communities utilizing both artificial and natura l
su bstrates . This  work was ori g i n a l l y sc heduled for earl y Fe brua r y but was
postponed to early March because Waconda Bay was frozen in January and February .
A supplementary study was included in Phase II to determine the statistical
var iability occurring in population density and conrunity structure of pen-
phyton col onizing glass slides as a function of sampl ing and processing
techn iq ue .

Wastewater and sediment characterization was conducted throughout both
segments of the field study . Plant effluent samples were also collected and
analyze d for TNT and associated transformation products for a one-month period
follow ina the second phase field survey. This coincided with the incubation
of the artificial substrate samplers .

Di fferences in reservoir cond itions between this work and the prior
sunine r 1975 work included: 1) l ower water temperatures , and 2) lower reservoir
stage . This latter factor significantly restricted m ixino in the upper end
of Waconda Bay by confining the flow to a relatively narrow channe l for about
3,000 feet .

Midway throu gh t h is  second fi eld surve y the Volunteer  Plan t was c lose d
by the Department of Defense. Althou gh TNT production was stopped, wastes
con tinued to be released into Waconda Bay during the entire period uf 

study.9
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PHASE I - FIELD SURVEY

The purpose of the December, 1976 field survey was: 1) to conduct a
d~e tracer study to determine flow and dispersion patterns in Waconda Bay ;
2) to make on-site measurements of 0.0., temperature , conductivity , and pH;
3) to collect samples of water and sediment for munitions analysis; and 4)
to obtain l imited samples of benthic and periphyton organisms for familiari-
zation purposes. Based on the information obtained , a decision could be
made as to whether or not a sufficient concentration of munitions existed to
justify a more intensive biologic survey , and if so, further determine the
sampling sites locations in order to encounter the full range of munitions
concentrations. The survey was conducted during the period December 6-14 ,
1976. Daily measurements were made of 0.0., temperature , conductiv ity , and
pH for the 5 day period , December 7-11 at nine sites in Waconda Bay.
Samples for munitions analysis were taken daily from these nine sites plus
the effluen t from the last treatment pond . Each munitions sample consisted
of a composite of three grabs taken during the day . The sites utilized
were the same as used in the summer 1975 work (see Figure 2) with the following
exceptions. Site B-l was not sampled as it was dry land at tfle low
reservoir levels encountered . One sample was taken in the middle of Transect
F; Transects S. T, and U were not sampled.

Tabul ations of the field-measured 0.0., temperature, and conductivity
values are shown in Appendix Table A-l. Dissolved oxygen was near saturation
values at all stations and temperatures were in the 5-10°C range. Hig h
conductivity value s were observe d at stations near the waste outfall and this
parameter appeared to be a good indicator of munitions waste. Equipment
failure precluded measurement of pH. Munitions concentrations found in water
and sediment samples are tabulated in Tables 1 and 2. The concentrations
found exceeded those which in prior field studies have been shown to produce
effects in both benthic and peni phyton communities (Sullivan , et a l . .  1977).

The dye tracer study began December 7 when 153 nil of Rhodamine B was
placed in the plant effluent from 1030 to 1300 hours. Based on previou s
experience in other waters , it was fel t that a dye concentration of near
50 ppb could be utilized with minimum discoloratio n of the lake water. Un-
for tunately , the lake water had a light green tint that contrasted sharply
with the red dye making concentrations of 10-20 ppb highly visible. State of
Tennessee environmental personnel had been informed and approved of the tracer
study . They had requested however, that obv ious discoloration be kept to a
minimum to l imit citizen complaint and/or alarm . Dye feed began at about 32
ppb but was reduced after 20 minutes to 15 ppb because of excess color. Even
at the reduced rate , the dye plume in the upper end of Waconda Bay was clearly
visible initially. By the following morning , however , maximum dye concentra-
tion was down to 2.5 ppb , and was not visually detectable. By mid-afternoon ,
maximum concentration was 2.0 ppb and most of the dye was within the narrow
channel at the upper end of the bay. The rapid decrease in dye concentration
observed in one day suggested that the concentration would be below detection
limits when It moved further down into a much wider portion of the bay . Since
It was desirable to observe the dye further down bay , an additiona l 116 ml of
dye was released into the center of the plume at 1600 hours on December 8.
Even wi th thIs addition , the maximum concentration found the follow i ng morning
was 2.0 ppb and the peak concentration was upbay of where it had been the
previous afternoon . Transects were made of the dye plume v~rticai1y and

11



—“--..•—-••- - . .-•~~-..— .----•-- ~~~ —-—-~,..—— •• •. —‘
. — -

~ ..auj i._, — ~~~~~~~~~~ 
. - -_

—
~~
---—-- - —--

.,

~~~~~~~.

•
1~~~~•

f ~~~~ ~~~~~~~

•
/ 

.~~
.

U

E 
~~ -r~ 

~~~‘

T

:.~~~~~ - .

~~~~

D ~~
. ~~~~~ ~~ ~~,, .~~

. S
iM~

.
..
.

C
2

V ~~ .
.
.

‘ 
:~:.. 

~

•

t-t
.

. ,.I

A

S C A I I  I INCH 0 .23  MILl

FIGURE 2. SAMPL ING STATIONS IN WACONDA BAY AND ADJACENT REFERENCE
• BAY ‘A’. SUMMER, 1975 SURVEY

_  
_

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~



r-
~~~ —~~

-------—
~~~

--——-—— —. — —
~ ——~~ 

-. 
~~

-..—— --

$ 
.. 

_ _ _  =-.- 
-.- 

~~~~~ ~
-

TABLE 1

WATER MUNITIONS DAT A , MEAN VALUES
DECEI~UER 1976

VALUES REPORTED IN ~~/lSTATION 2,4-DNT 2,6-DHT TNT l ,3-DNB l ,3,5-TNB TOTAL

EFFLUENT 93 53 47 4 <1 198

A 173 89 128 6 <1 397

B 156 88 110 5 <1 360

C—l 23 18 5 <1 <1 48

C-2 78 40 34 6 <1 159

D—l 9 4 <1 1 2 17

D—2 14 11 <1 <1 2 29

E—l 6 3 <1 <1 <1 <12

E—2 2 <1 <1 <1 <1 6

F 2 <1 <1 <1 <1 < 6

1:1
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horizontally using a continuously measuring and recording fluoronieter. The
general pattern of dye movement can be seen in Figure A -l .

In an effort to better understand the dye movement , reservoir stage
data were obtained from TVA and i soconcentration plots were prepared of the
conductivity and total munitions data . These data are shown in Figures A-2
toA-4. Examination of stage data shows that the dye was initially introduced
at the end of a rapid drawdown period. From December 7 through December 10,
the reservoir stage increased by 1.15 feet. From Transect E upstream this
increase represents a volume change of about 43 mill ion gallons. This is
more than the total effluent flow from VAA P during this period so net flow
was actually upbay at Transect E. This would have the effect of holding
effluent in the upper end of the bay . The reservoir level dropped approxi—
mately 0.9 feet during the morning of December 11 , which had the effect of
mov ing contam inants downbay at an accelerated rate and which the conductivity
and total munitions data demonstrate.

Analysis of the combined data shows that concentrations of pollutants
in the first 3,000 feet of the bay were roughly 0. 5-1 .0 times eff luent con-
centrations. This appears to be due to the limited cross-section of the
channel at the low reservoir stages seen during the winter months (channel
width 100 ft. depth 5—6 ft.) which minimizes mixing with cleaner water in the
bay. Concentrations then drop off very rapidly over the next 1600 ft . to
levels around 1-5 percent of effluent . Variations in absolute concentrations
can be significantly affected by changes In effluent concentrations , flow , and
by chan ges in reservoir stage.

Four samplin g sites were selected for “ h i g h ” concentration ran ges in
the upper 2500 feet of the bay ; three sites were selected in “middle  to low ”
ranges within 1500 feet of the point where ttie bay significantly widens and ;
two additional sites were selected further downbay for the extreme low level
range. Three sites were chosen as reference points in the adjacent bay. All
sites selected for the second phase stud y are shown in Fi gure 3 -
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PHASE I I  - WATE R CHEMI STRY

Introduct ion

During the peri od March 1-5 , 1977, a second field survey was conducted
in Waconda Bay . Field data were taken daily for D.O., temperature, and
conductivity . Dissolved oxy gen was near saturation values at all stations
and temperatureswe re In the 7-13°C range . High conductivity values were
observed at stations near the waste outfall and this parameter appeared to
be a good indicator of munit ions waste . Equipment failure precluded the
measuremen t of pH. Water samples were taken at each site three times per
day and conposited. Analyses were made for ammonia-N , total Kjeldah l nitrogen ,
nitrate-N , chloride , total hardness , sulfate , and munitions . Additionally,
effluent samples (24 hour composites) were taken daily during March for
munitions analysis .

Sediment samples were taken at each site in Waconda Bay (three samples
per site where each sample consisted of three dredge grabs). These samples
were analyzed for total and volatile solids . nitrate-N , total Kjeldahl
ni t ro gen , and munitions .

Except for the munitions samples , all analyses were performed in
accordance with procedures of Standards Methods (APHA , 1975), (EPA, 1974), or
Chemistry Laboratory Manual Bottom Sediments TtPA . 1969). Details of
analytical procedures are presented in Appendix B.

Characterization of Water Qua1i~y~

Mean values for water quality data are shown in Table 3. Typical
concentration-distance profiles are shown in Fi gures 4 through 6 for nitrate-
N , ammonia-N , and chlori de. For non-munitions parameters, these data show
nearly constant average concentrations for stations 1 through 5. Sampling
sites 1 through 4 are located in the relati vely narrow and shallow channel
ex isting in the upper end of Waconda Bay during low reservoir stages .
Station 5 is at the mouth of this channel . The channel geometry in this
area limi ts mi xing and dispersion of effluen t with other water in the
reservoir. Down bay from station 5 the reservoir widens considerably and
concentrations decrease rapidly.

Nitrate nitrogen levels were about 11 mg/l at stations 1 through 5
dropping to 1 mg/l at station 9. Ammonia , total Kjeldahl nitrogen , chloride ,
total hardness , and sulfate also showed elevated levels at stations 1 through
5 with concentrations decreasing from stations 5 to 9.

Five specifi c munitions related compounds were analyzed : 2 ,4 ,6 TNT ;
2,4 DNT , 2,6 ONT ; 1,3 DNB , and 1,3,5 TNB . The summation of these five
compounds versus distance is shown in Figure 7. Mean values for these samp l es
are presented in Table 4. Only three of the individual lake samples showed
the presence of 2 ,4 ONT. Five samples conta ined 1 ,3 DNB . This compound was
not detected at stations 6 through 9. Most samp les contained 2,6 DNT and
2,4,6 TNT and the concentration appeared to decrease from station 5 through
9. By contrast , 1 ,3,5 TNB was more often found at down bay locat ions . On
onl y two occasions was this compound detected at stations 1 through 5
compared to thirteen occurrences at stations 6 through 9. It appears that
1 ,3,5 TNB Is a breakdown product, probably of 2,4,6 TNT . Plant effluent
samples contained no detectable 1,3 ,5 TNB or 1 .3 DNB .
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TABLE 3

MEAN VALUES FOR CHEMICAL ANAL YSES OF DAILY
SAMPLING DURING THE PERIOD MARCH 1-5, 1977

STATION Mean Values
NUMBER NH 3-N TKN N03-N Cl T. Hard SO4

1 1 .23 1.91 11.2 17.2 156 155

2 1.21 2.01 11 .3 16.9 157 162

3 1.11 1.84 11.5 16 .3 161 157

4 1.09 1.87 11 .3 15.9 159 163

5 0 .95 1.59 11 .1 15.2 161 206

6 0.44 0.94 
- 

5.59 12.3 125 85.5

7 0.23 0.68 
- —  

3.24 9.9 107 69.7

8 0.14 0 .50 
— 

1.89 8.7 92.0 44.2

9 0.07 0 .39 
— 

1.04 7.8 82.0 21.9

ElF 1.27 1.97 14.1 18.3 162 164

mgN/l mgN/1 mgNf 1 mgCl /l mg/l as mgSO4/ l
CaCO 3

18
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TABLE 4

MEAN VALUES FOR MUNITIONS ANALYSES OF DAILY
SAMPLING DURING THE PERIOD MARCH 1- 5, 1977

STATION MEAN Values in ~ig/l __________

NUMBER 1 ,3-DNB 1 ,3,5-TNB 2,4-D1 2,6-DNT 2~4~~~T~ t TOTAL

4.1 2.9 —. 0.10 17.9 48.0 73.0

2 <0.25 ‘~0.75 22.1 38.7 40.3 102

3 <0.25 —.0.75 0.10 32 .0 43.7

4 
- 

0.4 ~O. 75 17.8 37.2 13 .3 
- 

69.5

5 0. 5 17.1 0.10 25 . 7 26. 2 69 .7

6 <0.25 1.2 0.10 12.1 1 .8 ~l5.6

7 ~O.2 5 1.6 — 0. 10 7.6 0.2 9.8

8 <0.25 10.6 0. 10 1.3 0.1

9 ~O.25 20.6 1.3 2.3 0.3 24.8

~~~ ~O .25 ~0.75 28.3 15.5 44.5 89.4
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A station-to—station comparison was made using the fol l owing chemical
data: NH3-N , TKN , N03-N , Cl , total ha rdness , 504, and total munitions . The
data for each parameter was fi rst converted by dividing all values by the
maximum val ue in the set. This puts data between a zero-to-one range .
Station—to—station comparisons were made by calculating an average Euclidean
distance as follows :

~AB L~~ l 

(XjA -

where AAB = the Eucl i dean distance between Stations A and B
n = the number of chemical or chemical/biologic parameters

consi dered

‘IA = the magnitude of the I th parameter at Station A
X 18 = the magnitude of the I th parameter at Station B

The magnitude of the Eucl i dean distance , AAB , increases for any pair of
stations as the number of parameters conside red is increased. To elimi nate
this dependence , an average distance , dAB , may be calculated (Sokal and Sneath ,
1963):

dAB

where dAB = average distance between Stations A and B

~AB 
= Eucl i dean distance between Stations A and B

n = number of chemical or chemi cal/biologic parameters
cons i dered

The average Euclidean distance values were used to construct a pheno-
gram showing the relationships between the nine stations (see Appendix for
details). This phenogram , Figure 8, shows stations 1 through 5 as decidedly
different from stations 6 through 9. The cophenetic correlation coefficient of
0.951 indicates that the phenogram is an accurate representation of the
rel3tionship between stations . Generall y, coeff ic ients  greater than 0.8 are
considered to indicate accurate phenograms.

Biologic samplers were placed in Waconda Bay dur ing this survey and
remained for a month . Dur ing  this  period samples of p lan t  e f f luen t  were taken
by VAAP personnel and retained for subsequent munitions analysis. This was
done so that the actual munitions concentrations existing during the incubation
period could be estimated. The results are shown in Figure 9 • and Appendix
Table C-l .During the field survey peri od (March 1-5) the effluent munitions *
averaged 89 pg/i. During the following six days effluent munitions concen-
tration generally increased to a maximum of about 2,400 pg/i on March 11. I t
then decreased to 157 pg/i on March 17. From then unti l Apri l 1 , average
effl uent concentration was 217 pg/ i .  With regard to the specifi c compounds ,
1 ,3 DNB and 1 ,3,5 TNB were usually below detection limi ts . For the twenty

* Total of the five speci fi c compounds measured.
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effluent samples taken from Ma rch 5 through April 1 , 1977 the concentrations
of 2 ,4 ONT , 2,6 DNT , and 2 ,4,6 TNT averaged 323, 98 , and 151 pg/i respectively.
Effluent flow rates remained relatively constant throughout this period averaging
5.9 MGD ( see Appendix Table C-2).

Consequently , it appears that average concentrations during the incu-
bation period exceeded those during the field studi es. Total munitions in
the channe l extending down bay to and including station 5 probably approached
2,000 pg/i and averaged near 500 pg/ l. Based on the relative munitions
concentrations found at station 6 through 9 during the early March survey ,
total concentrations of munitions may have risen to 50 - 100 pg/l at these
sites later in March .

Thus , the munitions concentrations encountered by the organisms colo-
nizing the artificial substrates may have been signifi cantly higher than the
concentrations encountered by the natural substrate organisms prior to the
early March sampling. No detailed munit ions analyses are available for the
period preceeding the March sampling.

Character ization of Sediment Q~ai I ty

Mean values for sediment quality are shown in Table 5. Results for
nitrate , total kjeidahl nitrogen , and total solids reveal little except
slightly l ower TKN values at the firs t three stations. The mun itions results
show that 1 ,3,5 TNB and 2,4,6 TNT clearly predominate 1 ,3 DNB , 2,4 ONT , and
2,6 ONT. The former compounds were found at all stations and in all except
one replicate . For both compounds concentrations at stations 6 through 9
were higher than at stations 1 through 5; 260 and 109 pg/kg for 1,3,5 TNB
and 97 and 133 pq/kg for 2,4,6 TNT . At stations 1 and 2 only, 2,4 DNT was
found at —1 0 pg/kg at stations 1 through 5 only, 1 ,3 DNB and 2,6 DNT were
found at •-20 pg/ kg .
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TABLE 5

SEDIMENT ANALYSES, MARCH , 1977

STATION NOV-
NUMBER NO~ TKN IS 1 ,3-DNB l ,3,5-TNB 2,4—DNT 2,6-DNT 2,4,6-TNT

1 <2 350 14 <13 73 <3.4 10 91

2 4 333 12 <12 <179 <7.9 17 119

3 <2 352 17 <14 76 <2.5 17 119

4 <2 644 32 11 135 <2.5 <4.3 86

5 <5 495 27 14 80 <2.5 11 70

6 <2 628 23 <6.3 221 <2.5 <1.3 138

7 <11 529 22 <6.3 250 <2.5 <1.3 105

8 <2 466 9 <6.3 304 <2.5 <1.3 142

9 <2 687 35 <6.3 263 <2.5 <1.3 148

UNITS m9N,kg mgN,,$(9 % Pg/kg Pg/kg p9/kg ~9’kg ‘~9’kg

Figures shown are the average of three replicates taken March 3, 1977.

Val ues reported on a wet weight basis.
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PHASE II PER I PHYTON

Introduction

The pe,’iphyton or “Au fwuchs ” coninunity is an assemblage of attached
mi croorganisms (primarily algae) growing on the surface of submerged
subs trates and forming a coating wh i ch is coirn only a green or brown co~ior .This coninunity consists of both autotrophic (i.e. unicellular or filamentous
algae ) and heterotrophic (bacteria , protozoa , rotifers, ect.) forms.

These organisms are well suited to biologica l investigations since
they remain at fixed locations and are sensitive to environmental altera-
tions. Their populations and biomass are relatively easy to quantify using
standard l aboratory procedures and are adaptable to a variety of statistical
analyses. The results of the survey conducted at VAAP during the winter of
1977 consist of two parts : 1) data pertaining to the field survey and 2)
treatment of this information via statistical inference .

The community structure was exami ned using diatoms and fiiamentous
algae, chlorophyll a, biomass and vital staining. Use of the staining tech-
nique showed the live-dead relationship among the periphyton population .
The number of diatom frustules that are inactive in a conuiunity colonizing
a glass slide cannot be estimated using standard techniques . Since the
inactive portion may be substantial ,an estimate was made on selected stations
using tetrazolium violet. The methodology for the various procedures is
appended.

Artificial Substrate Colonization Studi es

Gl ass microscope slides with a surface area of 3871 nm 2 were exposed
and allowed to colonize for 30 days at the 12 selected stations . Periphyto-
meters containing 8 slide-unit-cartridges were placed together in suspens i on
units as shown in Appendix D. Suspension units containing both 6 and 8
periphytometer units were used in the study . The suspension units with the
lower number of peri phy tometers were used to provide additional slides for

• the statistical portion of the investigation and were added at those stations
predicted to reflect high , medium and low stress from VAAP effluent.

Organism density ranged from 27 per nm 2 at Station 2 to 37,267 at Station
ii. Numbers of species per station ranged from 22 to 52 in Waconda Bay and
from 76 to 83 in the reference bay . To simplify data presentation and elimin-
ate rare occurring species , a culling routine was completed and all species
whose numbers did not constitute at least one percent of the total population
at any one station were eliminated . This procedure resulted in a reduction of
species from 124 to 30. However, the maximum drop in population density at
any one station was 7 percent. Table 6 shows the differences in density
and number of species before and after culling . The culled data are shown
in Tabi . - 7. Organ i sm density is significantly different at stations 1
through 5 as compared to stations 6 through 12 (see s t a t i s t i c a l  report. in
Appendix).
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TABLE 6

A COMPARISON OF POPULATION SIZE AND NUMBERS OF SPECIES
IN CULLED AND UNCULLED DATA AT 1% .
PERIPHYTON - ARTIFICIAL SUBSTRATE

STATION 1 2 3 4 5 6

CULLED

_____________- 
135 27 76 165 727 14721

- 

- 

species 24 22 25 25 25 18

UNCULLED

no/nd 
— 

141 27 78 169 745 14916

~p~~ies - 
39 22 46 46 52 37

~ DIFFE RENCE

nolnd 4 
— 

0 3 
— 

2 2 1

species 38 — 
0 46 46 52 51

STATION 7 8 9 10 11 12

CULLED

no/nm2 18714 27021 21970 - 35158 18354

species 21 
- 

25 22 - 22 24

UNCULLED

no/nm2 18941 27785 2245 $ 37267

species 40 52 39 - 76 83

% DIFFEREN CE

_ _ _ _ _ _ _ _ _ _ _ _  

1 3 2 - 6 7

• species 
_ _ _ _ _ _ _ _  

48 52 44 - 71 
— 

7 1
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The dominant species in Waconda Bay are :

Achnanthes minutissima

ç~~~~ 1a p~~~trata

Diatoma tenue var. elongatum
Fragj 1 ari a vaucheri ae
Melosi ra varians
Synedra rumpens

These species reached population levels of at least 1 ,000 individuals !
at one or more stations in Waconda Bay . Diatom populations were reduced in

the impact area from stations 1 to 5 althoug h the actual nunber of species
was approximately the same as down bay .

The marked population increase at station 6 can be correlated with the
water chemistry , which , during the March 1-5 survey , showed a significant drop
in concentration of several components between stations 5 and 6. (See
chemistry section.) Considering the dominants , the ratio of density for
dominant organisms between stations 6 and 5 where the Bay widens is as follows :

Achnanthes minutissima - 48
Diatorna tenue - 25
Fragi laria vaucheriae - 14
Melosira varians - 9
Synedra ru~pens - 51

Figure 10 shows the clustering of stations by the Pinkham-Pearson Index
using culled data with mutual absence i mportant. The phenograni shows that
stations 1 through 5 are decidedly dissimi l ar from stations 6 through 12.
Additionally, the reference bay stations , 11 and 12, form a sub-group somewhat
different from Waconda Bay stations 6 through 9.

Shannon-Weaver diversity values are shown in Table 8. Theoretically, the
higher the divers ity the Thea1thier~ the community . However , examination of
the resul ts shows that divers i ty in the area of maximum stress, stations 1 to
5, is higher than at the downbay stations 6 to 9. This anomolous condition is
caused by the severe drop in population density of all dominant species at
stations 1 to 5 which results in a condition of better balance between the
surviving species . Since diversity considers only relative proportions of
species and i gnores absolute population dens i ty, it seems to be of limi ted value
in a situation where the main input is seen as reduction in population density .

Natural Substrate Colonization Studies

Natural substrate col l ections were made at 9 stations in Waconda Bay
and 3 stations iii the reference bay . A description of these samples and the
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resulting data are shown in Table 9 and 10. Generally scrapings were made
from submerged branches , rocks, and styrofoam floats . Three substrates were
sampled at each location except stations 4 and 8. Counts were made to approx-
imate 500 diatom valves . Comparisons among stations can only be made relative
to numbers of individual species colonizing these substrates . The overall
total number of species ranged from 11 to 77 wi th no marked differences
related to station locations . In  fact , the two extreme values both occurred
at station 3. The data are culled to e l imin a te  species that don ’ t make up at
l east one percent of the total at at least one station.
The five most commonly occurri ng species were:

1) Achnanthes rninuti ssima
2) Fr~gilaria capucina
3) Fra_gilaria vaucheri ae
4) Ste_phanodiscus invisitatus
5) Synedra rumpens

In considering the distribution of individual species it is interesting to
note that Achnanthes minutissima was as common an occurence in the impact
zone as in other areas of Waconda Bay and the reference bay . This suggests
that Achnanthes is not as susceptible to mun i tions waste as mi ght be expected.
In an earlier study conducted during the summer of 1975,Achnanthes minutissima
showed a similar response and accounted for 80 percent of the diatom population
co l onizing artificial substrates in areas of severe stress from VAA P waste.
The two Fragilaria sp. reached a maximum of approximately one fifth the
population . These levels were attained only at downbay stations . With the
exception of S.ynedra rumpens at stati on 4,the mi nor dominants were severely
growth restricted in the high stress zone between stations 1 through 5.

Pinkham-Pearson comparisons among the various samples are shown in Figure
11 . Clustering of stations using natural substrates results in a grouping - :
based primarily on substrate type rather than location relat ive to the waste
di schar ge. For exam p l e, the first station cluster , with one exception , has a
common denominator of wood scrapings as a substrate type. The second , begin-
ning with 4AR includes predominately rock scrapings . Styrofoam substrates
principally compose the next group and include samples from stations 6 through
8, 11 and 12. Treatment of the data by the Pinkham-Pearson analysis is
especially useful in this case to point out the substrate dependence of pen-
phyton diatoms . The phenographic display in this instance further demonstrates
the utility of uniform substrates for peri phyton investi qations . The cophenetic
correl ation coefficient of 0.734, however , indicates that caution should
be exercised in interpreting this phenogram.

Filamentous Al gae

Fi l amentous forms colonizing glass slides were restricted to green and
blue-green species . The data are shown in Table 11 . Six genera predominated
with the blue—green , Schizothri x calcicola , the most abundant organism at all
stations. The second dominant , Oscillatoria sp., was observed at all samp ling
locations but occurred only sporadically between stations 1 through 5. An
Anabaena species was recorded only once from station ‘12 in the reference area.
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TABLE 9
INVENTORY OF NATURA L PERIPHYTON SUBSTRATE

SAMPLES COLLEC TED FEBRUARY 28 , 1977

Substrate Substrate
Station Description Station Description

Waste Pond Spillway Rock Scraping S-7 Dock Styrofoam5

Waste Outfall Stream Rock Scraping S-7 Dock Styrofoam5

S-7 Branc h Scra pi ngW
“Old Station A I I*  Branch Scraping S-7 Stump scraping W
“Old Station A” Branch Scraping
“Old Station A” Branch Scraping S-8 Styrofoam from

“No Wake ’ MarkerS

S-i Branch ScrapingW S-8 Scraping from
w Metal Buoy~

1
S-i Branch Scraping
S-i Log scraping W S-9 Scraping of

Metal BuoyF’l
WS-2 Branch Scraping S-9 Rock Scraping R
WS-2 Branch Scraping S-9 Rock Scraping sWS-2 Branch Scraping

S-l0 Dock StyrofoamS

S-3 Rock scraping R 
S-iO Rock + Old Bottle

W scraping RS-3 Branch Scraping
S-3 Rock scraping R S-iO Rock scraping R

5-10 Surface Sed imentB
S_4** Dock scrapingW

S-li Wood DockW
S-5 Rock scraping R S-li Dock Styrofoam S
S-5 Rock Scraping R 

S-li Rock Scraping R
S—5 Rock scrap ing R

S-i2 Rock S~r~pinq R
S-6 Stump scraping W 5-12 Dock StyrofoamS
S-6 Rock Scraping R S-12 Branch scraping~
S-6 Dock Styrofoam5

*20 yards from VAAP outfall
**Only 1 substrate available at Station S-4

W = Wood ; R Rock; S = Styrofoam; M = Metal; B Surface Sediment
36
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TABLE 10
VAAP PERIPI-IYTON , NATURAL SUBSTRATE CULLED AT J~ MARCH 191/

•

: Taxonomic Classification : Number of Organisms at station :
• 42 154 • • IC” (4W • uw • •cw • 34w
• •
• . • 42 42 42 • 42 42
• • 4 • • 42 42 • 42
• PC C I i . 4. I’ IUP’ .’’* ( 0 4 4 7 0 4 4 5 )  . ~I • 42 4
• 11 • . 4 42 . 4
• ‘• p 42 42 42 . • 42

• . 42 42 42 42 . 42 .
• IC ’ 4 4 ” 4 ’~I 7 1 ‘1~ u~ V NIXr.N L J V C L Y C  42 42 • 42 . 42 42 42 42 42 • 42 42 —
• 141, 4 4 4 1 4 1 17  LI~4 CL&)L *~~* V DuC tS  • 1 • 1 • - I • 42 • 42
• 4 C ’ ” I ” ~~~’I ‘. R I P I UT IS IM • 8 4 3  • Ii~ • .04 • J~ 4 • 4 7 0  • .0* • ‘49
• * • 42 42 42 • • 42
• I CW 4 4 1 t II S 44I ~L L J ~I 4 42 4 * 4 —
• ~‘.~~~~‘( t ’ t  4 4  * J Ts ~’ A 4 42 42 • 4 42 — 42 • • I •
• l )t I . 5 4 ~ 4 % 4 L L 4  ~ U’4M( ~4 ’4  4 1 * — ‘ — 11 *
* . . , 42 42 42 • I
• r 4 ~_ I ’ .I 4 4  MV ~~~~4 N 4  4 1 4 • 5 • • • • • 42 • 42
• çl ’~~i. *14 j .s •. p * p , t #~ r~~ v 4 0 01 4 ’ P14 • — 4 42 4 —
• r y r L ’ T I L L I  A ’ 14 L1 5 11 4 4 

‘42 • • • 42 42 42 • 4
• (4~~L *4. 4. 4 P P I L O M L N S I M A  42 • • 4 • 42 42 • • • I
• 14.4 b~~L 4 . L 1 4 I N 4  • • • 4 • 42 • 42 1 •
4 CV C~~L L& 5~~~1N15 S I • • • • 4 • $
• • . • . 42 • . .
• c Y M O ( . L L *  OIL 4 4 * 7 0 4 . 4 2  42 42 42
* ( 4 4 2 4 4 1 4 . 4 1 L5~~4’ 15 ‘ — 4 4
‘ (~ Y~’I4s ’ L L 4  c ’4 c ( . e HA4 4  42 11 42 11 • 4 *
• • . . • • 42 I 42
• C ’ 4 4 1 . . L A  r ’4~4~’~ ’ 4 A 7 4  V a u i C e w s i .05 I • . • 1 • 4 • 4 42 II 42 7 42 ‘442 ç y M~4~~~ 4~~ 7 U M I D A  • 11 • 42 • • 42 42 — — 42 —
• (44 ~~~ fl44I i& ’ 4 UL V ( 4 0 4 4 0 * 7 0 4 4  • • I • • 4 4 11 • • • 42 . • 42
• I 42 . . • 42 42
• 4 1’- U 7 4 4  ~1 C T 1 ’ A I . 1 3  y 4II~44~~ • 

11 4 4 • • 7 • 4 I 4
42 

~~~- I . 4 4 8 I 4 4 *  c4~’Ut 1N4 V M(5011P7* • • 4 I • 42 • • • I • 42
• 4 4 4 . 7 4 . 4 5 4 *  ~ Ae I I C 4 N A  42 — * — I 4 • • • 1 0 1 •
42 42 42 • S .

4 • ~ 4 A ( , 4 4 . 4 ’ 4 4 4  4~4 1 P S l - 4  447 44 42 — 42 4 • 4 • — • — 42 4 42 — -
. .!L 8~~!8 ‘ ‘ 7~~’~L L N 7 V V~~4 I7 (N • — • — 42 • 11 42 42 • — 42 —I • — • 4 • — • • 42 4 I 42 • .
. . 4 . • . 4 42

• ~ PS4 ~~ 7 4 . I I 4 T 4  VS4J C P4t ’l Z ’4t • 4 42 4 • • • • • 42
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TABLE 11

PRESENCE - ABSENCE DATA FOR FILAMENTOUS ORGANISMS
COLLECTED FROM VAA P ARTIFICIAL SUBSTRATES - MARCH , 1977

STFi TON NIIM IP
SPEd ES ~~~~~~~ i~~~~~~ i1 i~
Cyanophyceae

Anabaena cf arti culata X

Oscillatoria sp 1 X X X X X X .
~~~ X X

Schizothri x calcicola* X X X X X X X X X 4- X X

Chlorophyceae

Mougeotia sp 1 ,~~~ X X
5-

Rhizoc lonium sp 1 ~ X X

Stigeoclonium spl X X X VS X X

— — a — — — — — — — — —

* dominant at all stations
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Three species of Chiorophyta were present. Of these,only Stigeocloniuin
occurred in the impact zone between stations 1 through 5. Green algae repre-
sented by Stigeocloniurn, Rhizoclonium and Mougeotia were found more frequently
in the reference bay. Only Stigeocloniu rn was present in Waconda Bay samples .

Chlorophyll ~ and Organic Biornass

Estimates of plant pigment and biornass levels were completed at all
stations except S-1O , where the peri phytorneter suspension unit was lost.
Sixteen replicate slides for each of the two analyses were collected from the
suspension units . These data are presented for each station in Figures 12
and 13. Table 12 contains sunsuary information for means and ranges as well
as the calculated Autotrophic Index based on mean values per station.

Chlorophyl l a concentration on colonized slides at the various stations re-
vealed a pattern consistent with population counts . Stations 1 through 5 h&1
virtually no chlorophyl l but ~ sharp increase occurred at S—6. A maximum

-
~ average concentration of 4O mg/m’ was observed at Station 7. Pigment levels

gradually declined at downbay stations to 17 mg/rn2 at S-9. The reference bay
1, samples showed means of 14 and 28 and could be considered comparable to outer

Waconda Bay .

Organic bioniass shows a similar pattern . Some heterotrophic growth
occurs in the high stress zone between stations 1 throug~ 5. Further downbay
periphyton biomass increases with a maximum of 4.8 grns/m at S-8. A maximum
mean leve l of 6.2 mg/rn2 was observed at S-il in the Reference Bay .

Calculation of the autotrophic index suggests an insbalanced environment
among all stations except S-7. According to Weber (1973), ratios greater than
100 indicate organic pollution . Autotrophic index values for the winter survey
ranged from 90 to 55,000. Maximum ratios were observed at stations 1 through 3.

Vital Stain

Three replicate slides from the periphytometer units were exposed to
tetrazoliurn violet to estimate the physiological activi ty of diatoms . Cells
were separated into live , senescent,or dead,based on the uptake of dye and the
presence of chlorophyll. Cells completely filled with stain were classified
as live . Those which contained chlorophyll but no stain were consi dered senescent. —

Those with neither dye nor chlorophyl l were classified as dead. The technique
offers some insight into growth characteristics of diatoms . Present methods
of diatom enumeration using cleaned frustules probably leads to overestiiisates
in that all cells are considered to be viable.

The data have been expressed as fractions using each category as it is
related to the total number of individuals observed. This information as shown
in Table 13 reveals that conditions existing in the channel between stations
1 and 4 resul ted in nonviable populat ions that ranged up to 46 percent. A
sharp demarcation occurred at station 5 where the percent dead organisms
dropped to 7 percent. A further reduction to 1 percent was noted at station
6 where 93 percent of the organisms were vital staining.
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TABLE 12

PERIPHYTON CHLOROPHYLL a, BIOMAS S AND
AUTOTROPH IC INDEX , M~RCH 1977

Chlorophyll a ~gJm
2 Organi c Biomáss gm/rn2 Autotrophic Index

Station Mean Range Mean Range 
___________________

1 .02 .Ol- .O6 1.1 .61-2.2 55,000

2 .02 .Ol- .04 .53 .27-1.0 26,500

3 .08 .02— .l .34 .02-1.3 4,250

4 -
~ .2 .1 -.4 .10 .02- .26 500

5 .5 .2 -.8 .50 .22-1.0 1 ,000

6 14 7 - 19 2.3 1.2 -2.8 164

7 41 29 - 52 3.7 2.6 -4.4 90

8 23 13 - 34 4.8 2.9 -6.0 209

9 17 5 - 35 3.4 .57-6.1 200

10 - - - - -
11 28 16 - 44 6.2 4.7 -8.2 221

12 14 11 18 4.7 3.6 -6.8 336

I ‘-

I
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TABLE 13

VIABLE CELL RATIOS IN VAAP PERIPHYTON , MARCH , 1977

Live Senescent Dead

1 .25 .63 .13

2 .08 .46 .46

3 .48 .29 .24

4 .47 .20 .33

5 .48 .45 .07

6 .93 .06 .01

7 .89 .09 .01

8 .71 .25 .04

9 .72 .24 .03

10 -- - - - - - - -

11 .62 .27 .12

12 .70 .19 .11

/
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PHASE II - MACROINVERTEBRATES

Introduction

Aquatic macroinvertebrates are a diverse group of small aquatic animals
comprised of snails , cl ams , arthropods , annelids (segmented worms and leeches),
planarians , and coelenterates. Of these, oligochaetes and chironomid (midge
fly) larvae 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 detri tus
and microscopic plants and animals. They, in turn , are eaten by small fish
which support the larger and more economically and recreationally important - -

species . Macroinvertebrates are of special importance in stream environments
because of the i r  role in recycling large amounts of organic detritus introduced
from uplands .

Macroinvertebrates were selected as a parameter for this study because
they are sensiti ve to envi ronmental changes and thus , are important indicators
of water quality . Natural or man-induced fluctuations in the physical -
chemical characteristics of a lentic system are reflected by shifts in benthic
coninunity structure. They tend to remain at fixed location s and have a rela-
t ively  short life span of usually a year or less and therefore, reflect both
the present and recent past environmental conditions.

Macroinvertebrate species composition (population size , number of taxa ,
and diversity) is primari ly dependent on three factors -- water quantity ,
water quality , and substrate composition .

Water quantity limits species within a site. For example , some organisms
prefer large , deep lakes while others are found in small , shal low l akes.
Water quality is also a signifi cant factor in determining the assemblage of
macroinvertebrates . Principal parameters include oxygen , temperature , hardness ,
related cations , and dissol ved solids. The most important of these is oxygen.
Increasing evidence shows that adverse effects can be expected on macroinverte-
brates in environments supersaturated with oxygen as well as those that are
undersaturated. Aquatic macroinvertebrates are also affected by temperature
extremes. The Aquatic Life Advisory Committee (1956) indicates that benthic
communities in temperature zones are adapted to seasonal fluctuations of
temperature between 0 and 32°C (32 - 90°F). —

Substrate is the most important determi nant in species composition 
, -

(Hynes , 1960). There is a direct relationship between the amount of avai l able
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 . Contribution of organic matter, particularly from plants , is also
an important consideration . Aquatic pl ants increase the abundance and diver-
sity of benthic organisms viz , there is more surface area, periphytic food
organisms , food from the plants themsel ves, and detritus from wh ich to feed.
Beck (1954) states, ‘ ...after careful examination of many streams , diversity
of fauna was primarily the result of one factor -- the divers i ty of habitat. ”
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Envi ronmental Conditions

The winter of 1976—1977 was severe and unusually low temperatures were
recorded throughout the season. Ice cover on Waconda Bay prevented the
commencement of Phase II until late February . These conditions influenced
the composition of the macroinvertebrate community by reducing populations .
Low lake levels caused a significant reduction in water surface area in the
upper end of Waconda Bay . Effluent from VAA P was confined to a relatively narrow ,
shallow channel for some 3,000 feet downbay after reaching reservoir pool
elevation . Lack of mixing in this channel caused significant concentration s
of effluent to extend further downbay than would be expected at higher pool
elevations .

Detritus was present at all stations , but was abundant only at Station 6.
A mat of fi l arnentous algae grading from heavy to sparse between stations 3—6
was also observed. The slender spikerush (Eleocharis acicularis ) was found in
small quantities at Station 12.

Table 14 presents the characteristics of the bay sediments at the
various stations . Except for Stations 8, 9, and 10 , all samples were obtained
at comparable depths. Duri ng Phase II , 15 replicate grabs were collected at
each station . In addition , 14 1-lester-Dendy 5-plate units were placed at each
station location for colonization over a 4-week period.

Natural Substrate Colonization

The results for this part of the study are shown in Table 15 and are
expressed as numbers of organisms/square meter. The various taxa are grouped
into two categories representing ch i rononiids and other forms . Except at Station
6,mi dges composed 50 percent or more of the total population . Three forms
were most abundant. These were Procl adi us sp, Coelotanyp~~ spp . and Ch i ronomus
sp. Procladius sp. dominated at Stations 1-5 and may represen t fo rms
more tolerant to VAAP waste . - 

-:

Total popula t ion /rn2 ranged from 586 to 1 ,318. Numbers of species were
generally uniformly distributed wi th 9 stations showing 10 - 15 species each .
The l owest number of taxa (7) was noted at Station 2.

Other forms such as oligochaetes were not abundant .  The largest po pula t i on
amounted to 793 organisms/rn2 at Station 6 . Po pu l a t i o n s  of f ingerna i l clams were rather
sparse between Stations 1 ~i~d 4. Further downbay where effl uent effects wouldbe less , these fingernail clams were observed ranging from 60 to 190/m2. Other
organisms demonstrated similar patterns . Hexagenia mayflies were found at
Station 3 indicating, at leas t, some tolerance to the waste in this location .
A large increase in these insects was observed at Stations 4, 5, and 6. Shannon-
Weaver Di versi ty is expressed both for culled and unculled data in Table 16.
For natura l substrates val ues range to slightl y above 2 for each of the culling
routines . Station 3 represents the area of highest di vers i ty followed by
Station 8. Stations 1 and 2 in the maximum zone of impact were the least
di verse. In general , there seemed to be no relationship between divers i ty and
station location vis-a-vis the waste outfall.
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TABLE 16

SHANNON - WEAVER DIVERSITY INDICES (W) FOR
VAAP NATURAL SUBSTRATES , MACRO INVERTEBRATES

MARCH, 1977

Magn i tude Magni tude
Station Culled - Uncul led

1 0.73 0.82

2 0.67 0.74

3 2.26 2.35

4 1.84 1.88

5 1.84 1.90

6 1.43 1.43

7 1.87 1.87

8 1.98 2.02

9 1.92 1.96

10 1.74 1.74

11 1.73 L76

12 1.83 1.95

Base e
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The data as analyzed by cl uster analysis are presented in Fi gures 14 and
15. The phenograms are representative of two options in the analysis pro-
cedure. In Figure 14, organisms which were present at 4 percent or less
of the total population at any station were culled and no longer considered
in the analysis procedure . Using the Pinkham-Pearson Similari ty Index , the
option of mutual absence important was employed . Figure 15 shows the clus-
tering pattern based on all organisms that were collected and where mutual
absence was considered un important. These two routines were run to exami ne the
impact on station cl ustering of organisms occurri ng on a seldom or rare basis.
As the figures show , the cl usteri ng is relati vely similar. In both cases
stations 1 and 2 are highly un related to the remaining stati ons. Stations 3,
4, and 5 are somewhat similar. No really consistent pattern exists for the
remaining stations indicating that stations 6 through 9 in Waconda Bay are
not disti nguishable from stations 10 through 12 in the reference bay .

Artificial Substrate Colonization

Overa ll , colonization of the Hester-Dendy units was sparse and densities
were greatly reduced over those in the benthos . For example , chironomi ds were
2 to 3 orders of magnitude less than those populating sediments in Waconda
Bay. Combined data from five Hester-Dendy units per station are presented
in Table 17

Chironomi ds dominated artificial substrates at Stations 7 through 9
in Waconda Bay, and Stat ions 10 and 11 in the reference bay. Cricotopus
spp . accounted for about two—th i rds of the Chironomidae . Several species of
Cricotopus are invol ved ; however, presently there are no effective means to
separate thee species . Four species of Dicrotendi,pes and two species of
Gl.yptotendipes comprised most of the remaining ch i ronomi ds . These six feed
upon planktonic materials. Cri cotppus was present throughout Waconda Bay , and
was abundant in the reference bay . Dicrotendipes and Glyptotendipes were
relatively comon in the reference bay and were frequently found in the open
bay stations (6 through 9) of Waconda Bay . Two other genera, Ab l abesmyia and
Tanytarsus, were frequently found in the reference bay , but rarely found in
Waconda Bay .

Of the non-chironomi d fauna , only two of the nine found on artificial
substrates were present in signifi cant numbers . The larvae of Caenis , a
small herbivorous mayfly, reached its greatest population at Station 6 where
it formed 61 percent of the population. Densities fell steeply either upbay
or downbay . It was not collected at Stations 1 , 2, 9, and 10. Oligochaetes
occurred sporadically in Waconda Bay , but were the dominant taxa on reference
bay artificial substrates . The larvae of Ar9ia sp., a predaceous damselfly,
were found only at Stations 1 and 2. This genus has previously been reported
only from unpolluted situations (Beck, 1954) in Flori da , but Beck (personal
coniiiunication) believes this may not hold true for some non-Flori da species .

The highest densities and numbers of species occurred in the reference
bay stations which suggests some inhibition in all Waconda Bay samples .
Considering total number of species per station the stations seem to group as
follows : stations 1 to 5 averaged 3.3 species ; stations 6 to 9 averaged 9.5
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FIGURE 14 • PHENOGRAM OF MACROINVERTEBRATES , NATURAL
SUBSTRATE , CULLED AT 4% , MUTUAL ABSENCE
IMPORTANT . COPHENETIC CORRELATION
COEFFICIENT , 0.917.

pinkham-Pearson Biotic Similari ty

0.1 0.2 0.3 0.4 0.5
,~~~

— Station #

FIGURE 15 . PHENOGRAtI OF MACROINVERTEBRATE S, NATURAL
SUBSTRATE , UNCULLED , MUTUAL ABSENCE UN-
IMPORTANT. COPHENETIC CORRELATION
COEFFICIENT , 0.900.
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species ; stations 10 and 11 averaged 15.5 species . Station 12 was excluded
because the sampling rack had been overturned in the field resulting in the
Hes ter-Dendy units being suspended at about one half the depth of the units
at other stations .

Using the fi ve replicates from each stati on, an analysis of variance
was perfo rmed on the organism density data . These data were fi rs t transforme d
to in (N + 1). The calculated F value (degrees of Freedom 11 , 48) was 47.3
which is signifi cant at less than 0.0001. Using Duncan ’s multiple range test
(5% criteria) to compare treatment means it was found that significant differ-
ences in population density are as fol l ows:

1 , 2, 3 < 7, 5, 4, 9, 8 < 6 < 10 < 11 < 12

Table 18 shows di versity values for the coniiiunity colonizin g the Hester-
Dendy units . The data are expressed using the culled-uncu lled format. Treat-
ment of the data by either option shows Station 8 to be the most diverse wi th
a maximum of 2.02. The lowest diversities were observed between Stations 1
through 5, suggesting that these stations were under greater stress.

Cluster analysis using the Pinkham-Pearson approach was performed on
data from the Hester-Dendy units (Figures 16&l7). The unculled data were analyzed
on a mutual absence unimportant basis whereas when the data were culled , mutual
absence was considered important. In the culled data , Stations 1 to 5 group
separately as do Stations 11 and 12. In the uncul led data , at Stations 1 , 3, 4
and 5 are grouped together , Station 2 is unlike any other station and Stations
11 and 12 are highly similar. Thus , in both cases, Stations 1 to 5 seem to
separate from the remaining group .
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TABLE 18

SHANNON - WEAVER DIVERSITY INDICES ( iT) FOR
VAAP ARTIFI CIAL SUBSTRAT ES MACROINVERTEBRATES

MARCH, 1977

Magni tude Magnitude
Stati on Culled Unculied

1 0.69 0.69

2 0.54 0.54

3 0.95 0.95

4 1.01 1.01

5 0.36 0.36

6 1.39 1.57

7 1.55 1.55

8 2.02 2.02

9 1.80 1.80

10 1.69 1.81

11 1.66 1.80

12 1.11 1.20

Base e
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Pinkham-Pearson Bioti c Similari ty
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FIGURE 16 . PHENOGRAM OF MACRO INVERTEBRATES , ARTIFICIAL
SUBSTRATE , CULLED AT 4%, MUTUAL ABSENCE
IMPORTANT. COPHENETIC CORRELATION
COEFFICIENT , 0.902

Pinkham-Pearson Bioti c Similari ty

0.1 0.2 0.3 0.4
___________________________________________________ 

Station #

FIGURE 17 . PHENOGRAM OF MACROINVERTEBRATE S, ARTI F ICIAL
SUBSTRATE , UNCULLED, MUTUAL ABSENCE UN-
IMPORTANT . COPHENETIC CORRELATION
COEFFICIENT , 0.882.
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DISCUSS ION AND CONCLUSION

In relating environmental effects to munitions concentrations in a
field study such as this , one should unders tand the several assumptions and!
or limitations that are inherent. First the concentrations at any site
vary with time . For the natural substrate sampling, the concentrations
measure d from March 1-5 are presumed to be “normal” or “average” and the
biologic communities are assumed to be in equilibri um with these concentra-
tions . For the arti fi cial substrates , measurements were made of munitions
in  the effl uent during the incubation period but no bay samples were taken.
However, from the effluent concentrations and an understanding of how the
effl uent mi xes with bay waters , one can predict possible resultant bay
concentrations. Also, the plant effluent contains a complex mixture of
munitions-related organic compounds plus sign i fi cant concentrations of other
ions , particularly nitrate and sulfate . Thus the observed effects may not
be due to only the fi ve specifi c munitions compounds measured. Even with
these limitations , certain conclusions can be relati vely fi rm. Other
conclusions can only be tentati ve due to the factors noted above and
because the effects indicated are subtle.

Overall , the data appear to be very consistent. The water chemistry ,
artificial substrate periphyton population density , chlorophyll a , bioniass
and viable cell ratios , and artificial and natura l substra te macroinverte - LI
brate community structure all indicate that Stations 1-5 are affected by the
VAAP discharge. The only data that do not support this conclusion are sedi-
ment chemistry and natura l substrate periphyton. Given that the effluent does $

appear to be having an effect, the problem thus becomes one of relating the
effects to specific causes .

Firs t, at what concentration levels were no measurable effects
observed? In the natural substrate no-effect could be discerned in either
number of species , density , or community structure for both benthic and
periphyton organisms at stations 6 through 9 as compared to reference bay
stations 10 through 12. During the samplin g period total concentration of
the five munitions compounds averaged less than 25 u gh at stations 6
through 9. In the December sampling average munit ions levels in this area
ranged as high as 27 pg/i . Hence , it appea rs that for total munitions con-
centration less than 25 pg/i no effects would be expected.

At the opposite end of this range , effl uent munitions concentrations
during the incubation peri od for the artificial substrate samples averaged
about 575 pg/i and reached a peak of 2370 pg/i . Concentrations at stations 1
through 5 shoul d not have exceeded these values . At this leve l , definite
effects were noted in periphyton popul ation density and community structure
and in macroinvertebrate numbers of species and community structure . It
cannot be determined whether the peak or average concentration was most
influential in the result.

Between these extremes , effects were subtle and less pronounced.
In the fi ve day period prior to the incubation of the artificial substrate ,
muniti ons concentrations in the upper channe l , stations 1 through 5, were
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averaging about 80 pg/i. Data from the December survey and results of
prior studies suggest that the long term average munitions concentration
in this area mi ght actually be somewhat higher. Even so , the only observed
effect on macroinvertebrate infauna was a slight shift in community
structure. Substrate variation in periphyton samples may have masked slig ht
shifts in community structure in that compartment also.

During the incubation of the artificial substrate samples , it is pre-
dicted that the concentration of munitions compounds at stations 6 - 9 could
have gone up to 50 - 100 pg/i . For macroinvertebrates , density , number of
spec ies , and community structure at stati ons 6 - 9 were different than at
stations in the reference bay . For per i phyton, the numbers of species seemed to be
slightly lower at stations 6 to 9 as compared to the reference bay stations.
These differences were not as substantial as those observed between the upbay
and reference areas. However , they were of such magnitude as to eliminate
them from the definite no-effect category.

In the 1975 study (Sullivan , et al ., 1977), biostimulation was observed
in certain portions of Waconda Bay. In this wi nter survey no such biostimula-
tion was observed . Possibly the low temperature encountered prevented this.

In summary, the work reported herein indicates no environmental effects
on periphyton or macroinvertebrates from a complex TNT manufacturing effluent
at a total munitions concentration of less than 25 pg/i . Definite effects
were noted during a period when total munitions averaged 500-600 pg/i with
a peak of over 2000 pg/i . The data further suggests the tentati ve conclusion
that concentrations in the range of 50-100 pg/l produce minimal effects. Again
it should be noted that the concentrations of other non-munitions unique
compounds changed as the munitions concentrations changed . These changes
probably were factors also in the biologic changes observed .

These results  are in good agreement with the conclusions of the 1975 
—

study (Sullivan et al . 1977). In that work , toxicity was indicated in the
range of 50-350 pg/i total munitions and no effects were observed at concen-
trations of 20 pg/i and less.
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ANALYT I CAL PROCEDURES

Standard Methods or EPA-approved procedures were employed to characterize
the background water quality (see Table B-i for specific procedures). Amonia
nitrogen and total Kjeldahl nitrogen were analyzed on a Technicon Autoanalyzer
II using the manufacturer ’s specified methodology . The bloc k digestor and
the salicylate-n itroprusside colorimetric methods are currently being
researched by the EPA and are approved for use in NPDES permit monitoring
(Gales, EPA , 1917 personal communication). Analytical procedures
(Table B-2 ) utilized on sediment samples were primarily from Chemistry
Laboratory Manual Bottom Sediments (EPA, 1969).

I4initions Analysis

The water samples were collected in amber glass reagent bottles that
were pre—rinsed in acetone. The samples were refrigerated until analysis ,
which consisted of extraction , concentration and gas-liquid chromatography .
Sediment samples were collected in glass jars that had been pre-rinsed with
acetone. Saran wrap was used as a cap liner.

Extraction of Water Samples, December 1976. A sample of 250 ml was
measured into a clean 500 ml separatory funnel equipped with a Teflon stop-
cock. Seventy-five ml of ethyl acetate (pesticide grade) was added , the
flask stoppered , and shaken for 2 to 3 minutes . The l ayers were allowed to
separate and the lower (water) layer drained into a second 500 ml separatory
funnel and again extracted with 50 ml ethyl acetate . The water l ayer was
disca rded . The extracts were combined and filtered through a plug of cotton
prev iously wetted with ethly acetate. The separatory funnels were rinsed
with 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 Water Samp les, March 1977. Same procedure except 500
ml samples were used .

Extraction of Sediment Samples. In order to dry the wet sediments, 80
gm of sodium sulfate was added to 20 gm of wet sediment. This was then
packed into a chromatographic column and extracted for one hour with ethyl
acetate. The extraction was followed by evaporation of the ethy l acetate
extract to a volume of 5.0 ml under the same conditions as described earlier.
Clean-up techniques are discussed in the recovery studies section of this
procedure.

Chromato~r~phy of Extracts , December 1976. Samples were chromatographed
on a 5 1/2 ft. x 1/8 in. silanized glass column packed wi th 2~- OV 1O1/3~- QF1
on 100/120 mesh Gas Chrom Q. A Varian Model 1840 Gas Chromatograph with
electron capture (EC) and Therm ionic (Al kali Flame Ionization Detector)
(AFrO) detectors was chosen. The readout was obtained by using a Varian Model
285 Electronic Integrator which was recorded permanently by a Beckman 1 my ,
10 inch scale recorder. Peak areas were automatically printed by integrator.
Electron capture was chosen as the prime detector with AFID as back-up and
confirmation detector.
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TABLE 8-1

SUMMARY OF ROUTINE LABORATORY ANALYTICAL PROCEDURES
FOR WATER SAMPLES

Parameter Procedure

Chloride Standard Methods , 4088: Mercuric
Nitrate Method , p. 304.

Total Hardness Standard Methods , 3O9B: EDTA Titrimetric
Method , p. 202.

Sulfate Standard Methods , 427C: Turbidimetric
H~~hod , ~aCl2, p. 496.

Mii~ionia Nitrogen Technicon Corp. Industrial Method #239-
74 W/A : Automated colorimetric sau cy-
late-nitroprusside method , 1976.

Total Kjeldahl Nitrogen EPA , STORET #00625: Acid Digestion ,
Distillation , Nesslerization , p. 175.

or
Technicon Corp. Industrial Method #376-
75-W/A : Acid digestion on 80-20, 1975.

• V Technicon Corp . Industrial Method #329-
74-W/A : Automated colorimetric sau cy-
late-nitroprusside method , 1976.

Nitrate -Nitrite Nitrogen EPA , STORET #00630: Automated Cadmium
Reduction Method , p. 207.

t 
____________________

EPA 1974, Manua l of Methods for Chemical Anal ysis of Water and Wastes.

Standard Methods for the Examination of Water and Wastewater , 14th Ed.,
1975, API-IA , AWWA , WPCF .

Technicon Industrial Systems; Tarrytown , New York.

104

- __a~~~~
_ _ • - - - - 

.
•-
~~~~~~

-- -
~~~~~~~~~~~~~~~~

- 

~~~~~~~~~-
-

~~~~~~~~~
-- - -



~
J. — — —

—--V -,-——-- - —.-—-
~~ 

— ~—V.~-,~~~ c ~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE B-2

SUMMARY OF ROUTINE LABORATORY ANALYTICAL PROCEDURES
FOR SEDIMENT SAMPLES

Parameter Procedure
Total Kjeldahl Nitrogen Bottom Sediments - Great Lakes; Acid

Digestion, Distillation , and Titration
w ith O.O2N H2S04, p. 38.

Nitrate-Nitrite Nitrogen Bottom Sediments - Great Lakes : Acid
Digestion , p. ~2.
EPA , STORET #00630: Automated Cadmium
Reduction P4ethod, p. 207.

Total Solids Bottom Sediments - Great Lakes :
Grav imetric Method, p. 85.

Total Volatile Solids Bottom Sediments - Great Lakes :
~~Vimetric Method , p. 85.

Chemistry Laboratory Manual Bottom Sediments , EPA 1969, compiled by Great

- 
I Lakes Region Conv~ittee on Analytical Meth~a~.

- 
V EPA 1 974, Manual of Methods for Chemical Analysis of Water and Wastes.
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An alternate column used for confirmatory Information was a 4 ft. x
1/7 in. glass column packed wi th 8 percent UCW 98 on 80/100 mesh Gas Chrom
Q. Instrument conditi ons for both columns and detectors were:

Column temperature : 175°C. Isothermally
Injector temperature : 220°C
Detector temperature: 220°C• Carrier gas: Nitrogen @ 70 ml /min.
Electrometer setting: 10-10 afs at 1 x attenuation into

l itegrator with appropriate attenu-
ation setting for recorder.

Five ~l injections of sample extracts and standards were first injectec~onto the 2% OV 101/3% AF1 column using the EC Detector. Peaks corresponding
to standards were noted and the areas compared . Samples and standards were
next injected onto USW-98 column and like comparisons were made . Likewise ,
samples and standards were injected onto the 2% OV 101/3% QF1 column using the
Thermionic or Al kali Flame Ionization Detector. Again , peaks corresponding
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 that were peaks confirmed on both
sets were quantitated . Quantification was with the 2% OV 101/3% QF1 column
with the EC detector.

Chro t p~~ pf Extracts , Marc h 1977. Same procedure and conditions
as above ~Tth the followi ng exceptions:

Electron capture detector wi th a standing current of 100% at 16 x lO~~
0

Attenuation set at 8 x 10-10
Injection volume of 4.0 ~lColumn temperature , 165°C
Injector temperature , 200°C

Recovery Studies , December 1976. Recovery studies for water samples
were made by addition of standards to tap water and carrying through entire
extracti on , concentration and GC procedures . Standards were prepared in
acetone solution prior to addition to water. Prev i ous recovery studies
had been made by addition of standards prepared in ethyl acetate solution ,
however, it was thought that this might bias the study since ethy l acetate
would be used for subsequent extracti on. Hence, the selection of water
solubl e acetone as solvent would negate any positive effect which the standard
so l vent m~y have had.

Since previous studies had shown levels of less than 1 ppm TNT and
ana logs In wa ter samp les, spiking was made at and below this level as
follows :

500 ml water was used in all cases.
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COMPONENT QUANTITY ADDED QUANTITY RECOVERED % RECOVERY
2, 4 DNT 500 pg 480 96

250 pg 230 92
lOO pg 90 90

2, 6 ONT 200 pg 470 94
250 pg 240 96
100 pg 92 92

1, 3 DNB 500 pg 480 96
250 pg 225 90
100 pg 94 94

2 , 4 , 6 TNT 500 pg 460 92
250 pg 230 92
100 pg 95 95

SPIKING STUDIES, WATER SAMPLES

250 ml sample used

SAMPLE TOTAL
NO. COMPONENT pg PRESENT pg ADDED RECOVERY % RECOVERY

- -  AB 21 2 4 ONT 0 25 24 96
2,6 ONT 0 25 21 84
TNT 0 25 25 100
1 ,3 DNB 0 25 22 88

AB 110 2,4 DNT 55 25 70 88
2,6 DNT 24 25 45 92
TNT 69 25 95 101
1 ,3 DNB 1 25 22 85

AB 114 2,4 DNT 6 25 30 97
2,6 DNT 3 25 25 89
TNT 3 25 24 86
1,3 DNB 0 25 23 92

AB 37 2,4 DNT 0 62 59 95
2 ,6 ONT 0 62 63 102
TNT 0 62 60 97
l,3 DNB 0 62 58 94

AB 103 2,4 DNT 51 62 105 93
2,6 ONT 26 62 81 92
TNT 19 62 75 93
1,3 DNB 1.5 62 60 94

AB 204 2,4 DNT 28 62 82 91
2,5 DNT 15 62 73 95
TNT 15 62 75 97
1,3 DNB 1.5 62 58 91
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Sediment samples were column extracted with ethyl acetate after -adding
sufficient anhydrous sodium sulfate to absorb moisture and yield apparently
dry product. Samples thus extracted contained too many interfering substances
to be run directly on GIC and , therefore, were subjected to florisil column
cleanup.

Elution of florisil with ethyl acetate not only removed the TNT
compounds , but most of the interfering substances as we ll. It was found
that elution of florisil column with 6% ethyl ether in hexane gave quanti-
tative recovery of the compounds of interest while leaving most of the
extraneous materials on the column. Thi s procedure was adopted for cleanup.

Overal l recovery averaging approximately 80% was not as good as with
water samples. A more efficient extraction procedure would improve recovery.

Recovery of Standards added to Anhydrous Sodium Sulfate

COMPOUND QUANTITY ADDED 0~ANT IT? RECOVERED % RECOVERY

2 ,4 DNT 100 ~ig 94 94
2,6 DNT 100 pg 90 90
TNT 100 pg 95 95

2,4 DNT 250 pg 230 92
2,6 DNT 250 pg ~..25 90
TNT 250 pg 235 94

Indicated recovery 92%.

Recovery of Standards from Fl oris i l Cleanu p Procedure

COMPOUND QUANTITY ADDED QUANTITY RECOVERED % RECOVERY

2,4 DNT 100 pg 96 96
2,6 DNT 100 pg 95 95
TNT 100 pg 98 98

2,4 DNT 250 pg 240 96
2,6 DNT 250 pg 230 92
TNT 250 pg 240 96
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Recovery from Spiked Samples of Sediment

SAMPLE TOTAL
NO. COMPONENT pg PRESENT pg ADDED RECOVERY % RECOVERY

W4-1 2,4 ONT 0 25 21 84
2,6 DNT 0 25 20 80
TNT 0 25 22 88

W4-lO 2,4 DNT 3 25 22 79
2,6 DNT 2 25 21 78
TNT 5 25 26 87

W4-4 2,4 DNT 0 50 40 80
2,6 ONT 0 50 38 76
TNT 0 50 42 84

W4-6 2,4 DNT 0 50 43 86
2.6 DNT 0 50 42 84
TNT 3 50 42 79

Recovery of standards added to samples and then put through extracti on
and cleanup procedures was not as good as extraction and cleanup without the
presence of sample , thus indicating that the TNT compounds present some
difficulty in extraction from sediment samples . Overall recovery indicated
recovery is approximately 80%.

Recovery Studies, March 1977. Standards were prepared in acetone
solution by diluting stock standard (1 mg/mI) with acetone to 100 ~g/ml or 0.1pg per pl. The combination standard then contained O.lpg/pl of each of the
following:

1 , 3 DNB
1, 3 , 5 TNB
2, 4 DNT
2 , 6 DNT
2, 4, 6 TNT

Five hundred ml of distilled water was added to each of three separatory
funnels and combination standard was added .

100 1 (10 pg) to No. 1
500 1 (50 pg) to No. 2
2.5 ml (250 pg) to No. 3

Contents of each funnel was m i xed , the funnel stoppered and allowed to stand
1 hour. Contents of each funnel was then extracted and taken through same
cleanup concentration and chromatography as were samples. 
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Recoveries were:

Component Quantity Quantity Percent Recovered
Added Recovered

______ -• 
iig 

— - - - ~ I~~ - - - -  - - - - - —  

1 ,3 DNB 10 9.1 91
50 46.8 94

250 240 96

1 ,3 ,5 TNB 10 9.0 90
50 47.0 94

250 235.0 94
2,4 DNT 10 9.5 95

50 43.0 86
250 230.0 92

2,6 DNT 10 9.3 93
50 48.0 96
250 232.0 93

2,4,6 TNT 10 9.2 92
50 51 .1 102

250 242 .0 97

Studies were also made with spiked samples similar to above except
that known increments of standards were added to actual samples. Two
hundred ml samples were spiked with varying amounts of standards using same
procedures as with distilled water. These were extracted , concentrated ,
run through cleanup and chromatographed same as original samples with the
following results :

Component 1 ,3 DNB 1 ,3,5 TNB 2,4 DNT 2,6 DNT 2,4,6 TNT
Amount originally

found (itg) 3.1 12.5 - 1.7 14.1
Amount added (119) 10.0 10.0 10.0 10.0 10.0
Total present (p9) 13.1 12.5 10.0 11.7 24.1
Assay (pg) 12.3 12.3 9.1 10.5 22.2
% Recovery 93.9 98.4 91.0 89.7 92. 1
Component 1,3 DNB 1 ,3 ,5 TNB 2 ,4 DNT 2 ,6 DNT 2 ,4 ,6 TNT
Amount originally

found  (p g )  - 8.8 1.1 2.2 22.6
Amount added (pg) 10.0 10.0 10.0 10.0 10.0
Total present (pg) 10.0 18.8 11. 1 12.2 32.6
Assay (py ) 9.3 18.0 10.3 11.1 31.2
‘t Recovery 93.0 95.7 92.8 91.0 95.7
Component 1 ,3 ONS 1 ,3,5 TNB 2,4 ONT 2,6 ONT 2,4,6 TNT
Amount originally

found (pg) - 0.2 - 6.5 1.0
Amount added (pg) 5.0 5.0 5.0 5.0 5.0
Total present (p9 ) 5.0 5.2 5.0 11.5 6.0
Assay (pg) 5.1 4.8 4.7 10.7 5.8
% Recovery 102.0 92.3 94.0 93.0 96.7
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Component 1 ,3 DNB 1 ,3,5 TNB 3 4 DNT 2,6 DNT 2,4,6 TNT
Amount originally

found (pg) - - 1.5 0.7 1.5
Amount added (pg) 5.0 5.0 5.0 5.0 5.0
Total present (pg) 5.0 5.0 6.5 5.7 6.5
Assay (pg) 4.9 4.8 6.2 5.6 6.6
% Recovery 98.0 96.0 95.4 98.2 101.5
Component 1 ,3 DNB 1,3,5 TNB 3 ,4 DNT 2,6 DNT 2,4,6 TNT
Amount originally

found (p9) - - 20.8 15.0 5.9
Amount added (pg) 10.0 10.0 10.0 10.0 10.0
Total present (pg) 10.0 10.0 30.8 25.0 15.9
Assay (pg) 9.7 9.5 27.9 23.2 15.1
% Recovery 97.0 95.0 90.6 92.8 95.0

Sediment sampl es were column extracted with ethyl acetate after adding
sufficient anhydrous sodium sulfate to absorb moisture and yield an
apparently dry product. Samples thus extracted contained too many i nterfering
substances to be run directly on GIC and , therefore, were subjected to
florisil cleanup, eluting wi th 6% ether in hexane. The areas of the plate
containing the compounds of interest were then removed , extracted with ethyl
acetate. This cleaned up sample was then adjusted In volume and quantitated
us ing GIC.

Results of spiking studIes are given below :

Component 1,3 DNB 1,3,5 INB 2,4 ONT 2,6 01141 2,4,6 TNT
Amount originally

present (ps) 1 .1 6.4 - 0.8 4.7
Amount added (pg ) 2.5 2.5 2.5 2.5 2.5
Total present (pg ) 3.6 8.9 2.5 3.3 7.2
Assay (pg ) 3.0 7.0 2.0 2.5 6.0
% Recovery 83.3 78.7 80.0 75.8 83.3
Component 1 ,3,5 TNB 2,4,6 TNT
Amount originally

present (p9) 15.5 8.6
Amount added (pg ) 5.0 5.0
Total present (p9) 20.5 13.6
Assay (p9) 16.5 11.0
% Recovery 80.5 80.9
Component 1 ,3,5 TNB 2,4,6 TNT
Amount originally

present (pg ) 6.5 6.2
Amount added (lig ) 5.0 5.0
Total present (pg) 11.5 11 .2
Assay (p9) 9.0 9.5
% Recovery 78.3 84.8
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H Because of several factors such as extracti on efficiency, additional
cleanu p steps and handling losses, overall recovery from sediment samples
averages about 80% whereas recovery from water samples was considerably

-
~~ better .
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APPENDIX C

WATER QUALITY AND VAAP
EFFLUENT ANALYSES
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TABLE C-2
VAAP EFFL UENT FLOW , MARCH 1977

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

Da te F l ow, ingd Date Flow , mgd Date Flow , mgd

1 7.0 11 3.5 21 5.0

2 6.5 12 7.7 22 6.6

3 3.2 13 7.7 23 7.3

4 6.2 14 7.7 24 6.0

5 7.8 15 7.9 25 6.0

6 7.8 16 4.9 26 5.6

7 7.8 17 4.9 27 5.5

8 5.3 18 5.2 28 5.5

9 4.2 19 5.0 29 4.6

10 3.7 20 5.0 30

31 5.6
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MET HODOLO GY FOR PERIPHYTON COLLECTION

Within the study area periphyton samples were collected on natural
and artificia l substrates . Forms colonizin g natura l substrates were collected
at the end of February , while those on exposed glass slides were not collected
until the end of March . For this reason , the data are not comparable except
in a general qualitative sense.

H Three samples representative of natural substrates were obtained at
each site and preserved in 5 percent formalin. These were oxidized with
hydrogen peroxide and potassium dichromate to remove organic matter. The

11 treated sample was dried on an 18 x 18 coverslip, mounted in Hyrax (refrac-
V tive index 1.7), and examined under oil immers ion (l000X). For qualitative

comparisons , a minimum of 500 diatom valves were identified per sample. Raw-
count data were transferred to a coding sheet. This information was key
punched prior to computer analysis. Several routines were utilized includin g
culling the data to eliminate species wh i ch occurred only rarely. The
collection of periphyton on glass slides is considered to give more reliable
station—to-station comparisons than natural substrates because of influence
by substrate specificity . Standard 1 x 3 inch rnicroscope glass slides were
placed in peri phyton samplers (Periphytomer 1I )IM one inch below the water
surface at nine stations located in Waconda Bay , and three stations located
in the reference bay (Figure 3). Periphytometers were placed in suspension
units as shown in Figure 0-1. Samplers were placed according to recommended
procedures outlined in Standard Methods for the Ex aminat ion of Water an
Wastewater 14th Edition , (A PHA , 1975), a’i~if1io1ogjcal Field and t aborato y
Methods for Measuri~j the Quality of Surface W~€er and Effluents , (~eher,1c~73) .

V. 

Periphytometers were anchored in a northerly direction utilizin g the
suspension unit designed for this study. A total of 8 racks (64 slides )
were placed in the suspension units at each station . As part of a supple-
mental statistical study to measure variabilit y between replica te slides
and to determine the best practical method for processing periphyton slides ,
additional 6-rack (48 slides ) suspension units were placed at Stations 1, 3,
8, 9. 11 and 12. Anchorline adjustments were made for anticipated lake level
fluctuations of 2 feet or less. All slides were col l ected over a 2-day period
from March 31 - April ‘I , 1977. following an incubation period of 30 days.
Sampl i ng devices were recovered at all stations except 9 and 10, where pen-
phytometer units had been overturned exposing slides to the air. However ,
at station 9, the statistical 6-rack unit of slides was still intact and was
used as a substitute for the vandalized 8-rack units.

At the end of the 30-day incubation period , slides from both the 8-rack
and 6-rack units were recovered utilizing the following collection procedures .
End slides (Positions 1 and 8) from the 8-rack units were removed , dried , and
placed Into labeled glass bottles . Slides for biornass ., chlorophyll a, diatom ,
fiiamentous algae , and vital stain counts were collected from slide positions
2 - 7 us Ing the random number generator of a Texas Instruments SR-5lA
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calcula tor. The priority for selecting slides from each rack was:

2 end slides - Air-dried
2 slides - Biomass determination
2 sl ides - Chlorophyl l a
1 slide - Diatom counts
1 sli de - F i lamen tous al gae or v ita l sta in coun ts
8 slides - Total

For the 8-rack periphyton suspension units the minimum numbers of slides for
ana lyses were :

Minimum Number of Replicates
Anal yses per Sta tion

Chlorophyl l a 16
Biomass 16
Diatom counts 5
Filamentous al gae 2
Vital stain counts 3

Total 42

Slides from the 6-rack suspension units were all air-dried for diatom
coun ts.

Chlorophyl l a Determination

Except for Station 10, a total of 16 replicate periphyton slides were
collected at each station for chlorophyl l a analysis. While in the field ,
periphyton slides were placed in 50 ml of a 90 percent acetone (v/v), 10 per-
cen t of a satura ted MgCO3 solution and immediately stored in the dark on dryice. Prior to analysis , chlorophyl l was extracted for 24 hours in the dark
at 4°C. To facilitate extraction , slides were scraped and the acetone suspen-
sion ground 30 seconds at 500 rpm in a Potter-type tissue homogenizer.

Fol lowi ng extraction chlorophyll a, corrected for phaeophytin , was
determined fluorometrically after the methods of Yentsch and Menzel (1963),
Holm-Hansen , et al. (1965), Lorenzen (1967), and Moss (1968), us ing a Turner
Design Model 10 fluorome ter. Fl uorometr ic determ ina tion of chl orophyll  depends
on red fluorescence emitted by the chlorophyl l a molecule when excited by
ultraviolet light and is 100 times more sensitive than spectrophotonietric
analysis. The method is limited to chlorophyl l a only; chlorophyl l b and C
cannot be determined .

The chlorophyll a reference solution was a purified spinach chlorophyl l
standard (Product No. C5753, Sigma Chemicals, St. Louis , MO ) cal ib ra ted by
spec’rophotometric chlorophyl l analysis.

Acidification of chlorophyl l a converts it quantitatively to phaeophytin.
• Reading the fluorescence before and after adding one drop of lN HC1 to the sam-

pie cuvette allows calculation of an acid factor related to the interference.
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Periphytic chlorophyll a was cal culated as follows :

Chlorophyl l a (mg/rn2) = (F)(r)(Ca)(ml extract)
(r—l){su bstrate area (mm) lO~~J

where: Ca = fluorometer reading before-fluorometer reading after acidification

= standard before acidificationr standard after acid i f ication

F = r Ca r dilution ration fluorometer
Lfluorometer reading Ldilution ratio spectrophotometer

Organic Biomass.

Sixteen repli cate bi omass sli des were co l lected from each station. In
the laboratory each slide was rehydrated for 15 minutes , accumulated material
scraped from the slide into a graduated cyl inder , and then resuspended in a
total volume of 50 ml distilled water. An aliquot of the suspension was
filtered on a tared, fired-glass filter (Gelma n , GFA), the ash-free dry weight
determ ined (APHA , 1975) and converted to grams of organic matter per square
meter.

Diatom Cel l Densities.

At least five replicate slides per station were examined for diatom
community structure and cell density estimates. Periphyton growth was scraped
from glass slides into tall labeled beakers using razor blades and a rubber
policeman. Samples were oxidized with 20 ml of 50 percent hydrogen peroxide
and approximately 50 mg of potassium dichromate . The solution was cooled ,
allowed to settle for 24 hours, decanted , and brought to a volume of 50 ml.
Preliminary examination of oxidized material from Stations 6 - 12 indicated
the samples were too concentrated to count accurately. Therefore, 4- and 8-
fold dilution was necessary to permit observations of 10 - 15 organisms per
microscope field. In contrast , samples at Stations 1 - 5 were too sparse and
had to be concentrated by a factor of 5 to permit accurate counting .

Permanent slides were prepared by pipetting 0.4 ml of the “cleane d”
material onto an 18 x 18 coverslip (324 ni’n2) and allowing the sample to dry
at 65°C (150°F) on a laboratory hot plate. The dried coverslip was placed V

on a standard microscope slide containing one drop of Hyrax mounting medium
(refractive index 1.7) and the slide gently heated to drive off the toluene
solvent. When cooled , the permanent slide was labeled with station number ,
date, loca ti on , and dilution factor. Under an oil immersion lens (Zeiss
m icrosco pe, l000X) diatoms were identified and enumerated to the species
l eve l , where possible , utilizing the followi ng standard taxonomic references:
Hustedt, 1930, 1962; SchmIdt , et al ., 1974-1959; Huber-Pestalozzi , and F.
Hustedt, 1949; and Patrick and ReTii~er , 1966, 1975. Voucher diatom slides were
sent to Dr. Charles Reimer , Academy of Natura l Sciences of Philadelphia , for
taxonomic verification .

Cell densities were estimated by performing field counts at 6-slide
coordinates randomly selected on the coverslip. A total of 10 mIcroscope
fields were examined at each of the 6 selected coordinates for a total of 60
fields. At 1000X , each microscope field represented an area of 0.0182 mm2
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with a total area examined of 1.092 mm2 (i.e. 0.0182 x 60 fields). There-
fore , cell densities were determined as follows :

Total Area Origina l Volume
of Coversli of Periphyton

2 
p Sus pens ion j  Origina l

Cells’nin
2 Diatom x (324 mm ) 

~ 
(50 ml) Dilution / Surface Area

Counts Total Area Volume of Sample Factor 
/ 

of Slide
Examined dried on coverslip (3,871 mm2)
(1.092 mm2) (0.4 ml)

Filamentous Algae. Two replicate periphyton slides per station were
collected from artificial substrate units located in Waconda Bay and the
reference bay. Slides were mechanically scraped with razor blades and pre-
served in 5 percent formalin. Clumped periphyton material was dispersed by
blending samples -in a Waring bl ender. Algal filaments were i dentified using
a 50 ml plankton sedimentation chamber and a Zeiss invertoscope 0. Identifi-
cations were carried to species level , where possible , utilizing the following
standard references: Drouet (1968); Prescott (1962); and Desikachary (1956).

Vital Stain Counts. Recent studies have shown that natural and artificial
substrate periphyton populations contain significant numbers of diatom frustules
that are ei ther empty or have less-than-robust chloroplasts (Pryfogle and
Lowe , 1976). Standard diatom cleaning procedures using ammonium persulfate -,
acid or hydrogen peroxide oxidation do not distinguish between diatoms having
metabolically active chloroplasts and those having empty frustules . Under
certain conditions an investiga tor may wish to determine the metabolic state
of diatoms in response to a pollution source. The followi ng experimenta l vital V

stain procedure was conducted at 11 stations l ocated in Waconda Bay and the
reference bay using tetrazoliuni violet. Tetrazol ium salts have been used to
determine the dehydrogenase activities of bacterial populations in activated V.
sludge and to a limited extent in the analysis of plankton populations V

(Arm ’ttage , 1977). The enzymatic reduction of the tetrazolium salt (yel l ow)
to triphenyl formazin precipitate (violet stain) visually tags diatom cells
with active cytochrome systems. As a result , cel l counts can be qualitatively
differentiated into one of three metabolic categories:

Metabolic Activity Cel l Description

Viable or active Violet precipitate present throughout
cell , or concentrated in mitochondria.

Senescent Chlorophy ll present , no violet precipi-
tate formed.

Dead or fossil forms No violet precipitate or chlorophyll
present in frustule.

Three replicate periphyton slides per station were removed from the
samplers and placed In glass bottles (75 ml) containing lake water collected
at the site . These samples were then pl aced in the dark and 1 ml of a 0.2
percent (w/w) solution of paraiodotetrazol ium was added to the sample bottle.
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The slides were Incubated in the light for a period of 12 hours after which they
were preserved with 3 percent formalin. Vital stain counts were made utilizing
a 50 ml plankton sedimentation chamber with a Zeiss inverted microscope equipped
with an oil Immersion l000X lens . Diatom populations were differentiated i nto
metabolically active , senescent , or dead (fossil).
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STATISTICAL METHODS

1. Introduc tion

The statistica l analyses of the artificial substrate periphyton data
considered the follow ing conditions:

- comparison of variability in density and diversity estimates
between fields on a single slide with variability between aliquots.

- comparison of variability in density and diversity estimates
between fields and aliquots with variability between slides .

- comparison of variability in density and diversity estimates when
one slide is used with that when a composite of five slides is
used .

- comparison of the eleven sampled stations with respect to diversity
and density .

- at one station a procedure for determining domi nant species to a
V specified degree of precision was determined . V

Shannon ’s measure of diversity
• S .
H -~~p1 ln p1 ,

f l j
was used where p.~ is the proportion of the i~” species in the sample (Pj = —h--) , V

s is the number of observed spec ies , and we use natura l logarithms .
Basharin (1959) has shown that H is a biased estimate of the population diversity

S
H = -

~~ 
p1 ln p.~i=1 

V

where p1 is the true proportion of species i in the population ,.and S is the
true number of species present in the population . The bias of H is negative ,
implying that I~ tends to underestimate H. Basharin shows that

s—iBias = --
~~~

-

where N is the total number of organisms observed . Thus a bias-adjusted
estimate of H

* s—iHB -

can be obta ined . Basharin also derives the standard error of 11 B showing that
a s

S.E.(
~B) = 

~
.( 
~ 

p in 2 p1 - H2]
i=1
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which can be estimated by
* 1 S .  ‘ ) —

S.E.(HB) = 
~ 

in 6 p1 - HB1=1

This allows one to measure the reliability of the diversity estimate and to
compare the station diversities statistically.

Turning to density , the logarithmic transformation

L
~ 

= ln (N + 1)

was used to transform N. , the total number of organisms per observational
unit (usually a group o~ f ields) to a variabl e L. which more nearly satisfies
the assumptions necessary for an analysis of variance. Specifically, the
variable L will often have a distribution which is approximately norma l when
N~ is skewed to the right. This transformed density measure can now be used
to make statistical comparisons of the various sampling procedures , and of
the stations. -

II. Comparison of Diversity and Density Variability Between Fields With
That Between Al iquots

A. Description of Experiment
One slide was selected from each of four stations , 3 , 8 , 11, and

12. Ten aliquots were taken from each slide , and 120 fields or 500
organisms , whichever came first (with a 60 field minimum), were
counted on the microscope slide made from each aliquot. Counts were
made in units of 10 fields. This experiment enabl es one to compare
the variability between fields to that between aliquots at each station .

B. Diversity
As shown in Section VII!.A , one may analyze the bias-adjusted

diversities using a nested analysis of variance model . Table E-1
presents the results of the analys’~ for the four stations.

C. Density
The same nested analysis of variance model which was used for

diversity was used to ana lyze L, the logarithmi c transform of
density . The results are shown in Table E— 2 .

0. Conclusion
Whether the replicates consist of groups of fields from one

microscope slide , or of fields from different aliquots , one can V

pool the results when estimating diversity and density. There is
no evidence that the aliquot variability and the field within aliquot
variability differ. 

V.
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TABLE E-1

COMPAR ISON OF DIVERSITY VARIABILITY BETWEEN ALIQUOTS
TO THAT BETWEEN FIELD S FOR 4 STAT I ONS

I

StdtlOn SOUrCe OF SS MS F

3 A llquot 3. 4132 .3792 1.00
Fie lds(A l iquot)  110 41.826 .3802 V.

8 A li quot 9 0. 1648 .01831 0.46
Fie]ds(Al iquot) 60 2.4041 .04007

11 Ali quot 9 0. 1731 .01~)?3 0.86
I le lds(A ] lquot)  50 1.1240 .02248

12 A ll quot 9 0.3569 .03966 1.06
Fie lds(A h iq uot)  70 2.6068 .03724

None of the I values ~re significant at (‘yen the .10 level . There Is no
evide nce tha t allquot lnq Introduces var iabi l i ty Into the estinia t- ’ of
diversit y.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
_ _

‘ V .
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TABLE E-2
COMPAR I SON OF DEN S ITY VARIABILITY BETWEEN ALIQUOTS

TO THAT BETWEEN FIELDS FOR 4 STATIONS

Station Sourc e MS F

3 Aliquot 9 1.9445 .2161 .81
Fields(Aliquot) 110 29.3589 .2669

8 Aliquot 9 1.1033 .1226 .70
Fields(Aliquot) 60 10.5679 .1761

11 Aliquot 9 1 .4106 .1567 1.01
Fields(Aliquot) 50 7.7954 .1559

12 Aliquot 9 1.7829 .1981 .98
Fields(Aliquot) 70 14.1604 .2023

As with diversity , there is no evidence to suggest that aliquoting contributes
variability to the estimate of density .
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III. Comparison of Diversity and Density Variability Between Slides To
That Within Slides

A. Experiment
N i n e  s l ides  were selected from each of the stations 3, 8, 11, and

12, and a count was obtained for 60 fields (10 fields at each of 6
random l ocations) on a sing l~ microscope slide prepared from each
experimenta l slide. Thus the variability between slides Cdfl be
determ i ned , and then compared to tha t within slides.

B. Diversity
The variance estimate of diversity between slides is based on the

60 field counts of the single microscope slide ; while the within
slide variability is estimated from the 10 field counts froni the
previous experiment. Since the same stations are sampled , one would
expec t approximately six times more organisms in 60 fields than in
10. which theoretically increases the diversity variance by a factor
of six. An appropriate test stat ist ic to compare these variance
components is therefore

F 6kVariance Between Slides )
(Var iance ~ffthin Thdes)

The results of this test are suniuarized in Table [-3.

The five percent level of F is about two in each case . It
appears that the between slide varia bi lity is larger than the within
slide variability at least at stations 8 and 11 . That is. there is
evidence that the diversity variance between slides may be slightly
larger than that within s1 i des .

C . Density
The assum p tion that the logar ithmic transform L of density is

approximately normal plays a key role in the comparison of density
variabi lit y between and within slides . Using standard results for
the lognorina l distribution , one can find an estimate of w it hi n slide
variance to be

-a 2
YL + 5 2

L S
S’~ e (e L 1)

where is the mean of the loq transform L and S~ is the t .n ’iance
of 1. The same formula can be used with the betw~en sl ide data to
cal culate S2~, the estimate of between sl ide variabi lity . Then one
can test that the between sl ide variability exceed s the w ithin slide
variabi l i ty by computing

- 

S
’

8

6S w
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TABLE E-3

COMPARISON OF DIVERSITY VARIABILITY
BETWEEN SLIDES TO THAT WITHIN SLIDES- a

Station Source OF SS MS F

3 Between Slides 8 00.6010 0.07152 1.13
Within Slides 119 45.2396 0.3802

8 Between Slides 8 0.1385 0.01731 2.79
Within Slides 69 2.5688 0.03723

11 Between Slides 8 0.08544 0.01068 2.91
Within Slides 59 1.2971 0.02199

12 Between Slides 8 0.07891 0.009864 1.58
Within Slides 79 2.9638 0.03751

I
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where the factor of 6 is present because 6 times more fields are
involved i n each dens ity coun t for the between sl ide calculat ions.
The results of the analysis are given in Table E-4. Note that this
F test is only approxima te , since the distributions are log-normal
rather than normal .

D. Conclus ion

There appears to be slightl y more vari abilit y between slides
than within slides for both di versity and density . The implicat ion
is that one should obtain replication by sampling several slides
rather than aliquoting a single slide . This will protect against
the possibility that the sampled station has more variability between
than within slides , as some of the exper imenta l ones did . The number
of slides which must be sampled will be considered in Section VI.

IV. Compari son of Diversity and Density Variability When One Slide is
Used With That When Five Slides Are Composited

A. Exper iment
Five slides were composited and one microscope slide formed , on

which 60 fields were counted . Five repl i cates of this experiment were
performed at each of four stations , 3, 8, 11 and 12.

B. Diversity
In order to determine whether the compositing reduces variabil ity ,

one can compare the composited variance to the single slide variance
from the previous experiment (see Ill-A). The results are summarized
in Table E-5.

C. Density
The same comparison can now be made on the logarithmic transforms

of the densities (see Table E-6) .

D. Conclus ion
The compositing of five slides does not seem to reduce the variability

of either diversity or density estimates. Since more replication (and
thus better variance estimates) can be obtained by analyzing the slides
separately, the single slide method is probably preferable to compositing
sl ides.

V. Stati on Compar i sons

A. Experiment
Since the previous results indicated that a replicated , single

- - slide experiment at each station was preferred, this experiment wast performed at seven other stations , five replicates at each station .

B. Diversity
The stations , their bias-adjusted diversity , and the standard

error (see Bas har ln , 1959) are given in Table E-7.
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TABLE E-4

COMPARISON OF DENSITY VARIABILITY BETWEEN
SLIDES TO THAT WITHIN SLIDES

-

Station Source DF Var iance F

3 Between Slides 8 250.05 2.99
Within Slides 119 13.95

8 Between Slides 8 17,489.1 3.42
Within Slides 69 853.06

11 Between Sl ides 8 9,293.4 1.10
Within Slides 59 1,409.7

12 Between Sl ides 8 12,394.2 2.35
Wi thin Slides 79 880.88

There is ample statistical evidence to conclude that the density variability
between slides exceeds that wi thin slides at stations 3, 8, and 12.

t a
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TABLE E-5
COMPARISON OF COMPOSITED DIVERSITY VARIANCE

TO SINGLE SLIDE VARIANCE

4
’ -

Station Source OF Var iance F

3 Single 8 .07152 1.21 V

Composite 4 .05920

8 Single 8 .01731 1.46
Composite 4 .01185

11 Single 8 .01068 3.29
Composite 4 .00325

12 Single 8 .009864 0.84
Composite 4 .01170

Since the F value for significance at the 0.10 level is F 3.94, no
evidence that composite diversity variance exceeds single slide variance
is found.

L
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TABLE E-6
COMPARISON OF COMPOSITED DENSITY VARIANCE

TO SINGLE SLIDE VARIANCE

Station Source OF Var iance F

3 Single 8 .1129 15.6
Composite 4 .007224

8 Single 8 .1236 2.85
Composite 4 .04330

11 SIngle 8 .03815 0.38
Composite 4 .1017

12 SIngle 8 .04572 0.62
Composite 4 .07419

No con si sten t pat tern In these var i an ce compar i sons i s foun d . There seems
to be significantly more variance in the single slide experiment than the
composite slide experiment at Station 3, but somewhat less at Station 11.
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TABLE E-8
POPULATION DENSITIES FOR ALL STATIONS

“V

Station Density (number/mm 2)

11 37,293
8 27,803
9 22,462

12 19,698
7 18,936
6 14,911
5 750
4 174
1 144
3 85
2 28

Thus the conclusion is that the station densities are aligned as follows :

11 > 9, 12, 7, 6, 5, 4, 1, 3, 2
8 6, 5, 4, 1, 3, 2
9, 12, 7, 6 5 4 — 1, 3 — 2

U
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TABLE E-7
DIVERSITIES FOR ALL STATIONS

Station Diversity Standard Error

6 0.716 0.035
7 1.189 0.033
5 1.608 0.043 

V

8 2.045 0.025
9 2.175 0.032
4 2.440 0.074
11 2.557 0.020
1 2.573 0.074
12 2.790 0.019
2 2.918 0.089
3 2.929 0.061

V V.
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An analysis of variance comparison was deemed inappropriate due to
the probable inequality of the diversity variances . Thus the stations
were compared in a pairwise fashion . The lines on the left of the
station numbers reflect the results of comparing the diversities by
using the two sample Z statistic , connecting stations which cannot be
declared significantly different. The formula for Z is

= (Station i Di versity 
- 

Station j Divers i ty)

)4Standard Error ~)2 + (Standard Error
Since Basharin (1959) shows that Shannon ’s divers ity estima te is asymp-
totically norma l , this statistic should approximate a standard norma l
random variable when the true population diversities are the same, and it
does not necessitate equal variances . When the value of Z is large
(negative or positive), the implication is that the true station diver-
sities differ. A conservative .01 significance level , Z = 2.58, was used

V since so many comparisons were made . Table E-7 shows that the stations ’
true diversities are arranged as follows : V

6 7 5 8 9 4, 11 , 1 12 , 2, 3
C. Density

The logarithmic density transform s were subjected to a standard analysis
of variance. The station comparison yielded a highly signif icant F value V

of 319.81 , l eaving no doubt that the station densities differ. The
transformed densities were then subjected to Duncan ’s (1975) multiple corn-
parison procedure to determine which stations differ. The estimated
densities (untransformed) are shown in Table E-8, with the solid lines
on the left of the station niinbers connecting those stations which one
cannot conclude as different at the .05 significance level.

VI. Sample Size Determination
Perhaps the most crucial decision which must be made in planning an experi-

ment is the sample size , or number of replicates to be processed . One can use
information gleaned from previous experiments to plan more carefully.

V In Section III it was concluded tha t replication of slides was more desirable
than replication of aliquots from a single slide . Hence , it was decided tha t the
effect on a single slide consist of counting ten adjacent fields at each of six V

randomly selected locations (60 total fields). The question then becomes : how many
slides should be sampled?

A. Divers i ty
Since diversity is analyzed on an untransformed scale, it is easier

to work in absolute rather than percentage differences. The followin g
equation (Steel and Torrie 1960) is for the absolute difference between
two stations ’ diversities which can be detected wi th 90 percent confidence
for n replicate slides :

D = 2(1.645)
~i / ~~ = 4.653o~/ ~~
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TABLE E-8

POPULATIO N DENSITIES FOR ALL STATIONS

Station Density (number/mm2)

11 37,293

8 27,803

9 22,462

12 19,698
V 

7 18,936

6 14,911

5 750

4 174

1 144

3 85
V 2 28

Thus the conclusion is that the station densities are aligned as follows :

11 9, 12, 7, 6, 5, 4, 1, 3, 2
8 -. 6, 5, 4, 1, 3, 2

9, 12, 7, 6 — 5 — 4 -
~ 1 , 3 

— 2

- 
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where 01 is the standard deviation of the diversity based on single
slide estimates. This assumes that the stations bei ng compared have
the same standard deviation o

~
. The probability of falsely concluding

V a difference exists is set at ~ = .10.

A plot of D versus n for the four experimental stations is shown
in Figure E-l. Note that for all but Station 3 , where the density of
organ i sms was very low , one can detect a diversity difference of
slightly less than 0.3 with 90% confi dence using five replicate slides .

B. Density
Since the statistical analysis of density is performed on a

logarithmic scale , the differences one can detect between station
densities will be expressed in percentages. The absolute percentage
difference which can be detected wi th 90% confidence , wi th ~ = .10,
is given by V

P 100{exp[4.653o1/ ~~~ 
- 1)

V where a-~ is the standard deviation of the transformed density for
single glide estimates. A plot of p versus n for the four experimental
stations is shown in Figure E-2. Note that one must have at least five
replicate slides before he can be 90% sure of detecting density
differences of 100%. It is obvious that dens i ty comparisons require
more replication than do divers ity comparisons to ach i eve similar
reliability .

C. Conc l u si ons
In order to determine the necessary sample size for estimating and

comparing station dj~versities or station densities , a preliminary est imate
of the variance , a ~~, must be obtained. One procedure is to count approxi-( ma tely 60 fie1~s o~ a single slide from the station of i nterest, and then
to estimate a1 by the following . V

Diversity :

2 1 ~ 2= 
~~ P~ ln 

- HB ] (See Section I for notation definitions)

Then the number of slides necessary to detect a difference , 0, in
diversities wi th 90 percent confidence for two stations having approxima tely V

the same standard deviation is given by V

n = 21.65 
~l /D

If the stations of interest have very different variances , compute the ‘V

average variance to use in the formula for n ,
Density: The computation of an estimated variance for the density is

more difficult. Perhaps the best method is to sample 3 slides from each
station , cou~t 60 fields on each slide , and then calculate the sample
var iance , s1 , for the 3 log-transformed density observations. Then the
total numbet of slides which need to be sampled in orcer to detect a
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percentage difference P between two stations is given by

n = 21.65 s1
2/[ln (1+P/l00)J 2

Again , s1
2 may be obtained by averaging the various station variances

if prelithinary samples are obtained for several stations.

VII .  Determination of Dominant Species
V 

An analysis of dominant species was conducted using 9 replicate slides
at Station 8. The basis for dominant species selection was tha t each spec i es
make up at least 3~ of the pooled sample at the station . Six species
satisfied this criteria at Station 8. The data are shown in Table E-9.

The first question to be answered was: Can one pool all nine re-
plicates and treat each species composition estimate as a binomial estimate .
For exam ple , the total count of spec ies 1 in all replicates was 258, which
is 7.9% of the total count of 3264. If one can use binomial theory, the 95%
confidence interval for species 1 percent composition is

7 + /c7.9)cloo - 7.9)2 x  
~
, 3264

or
7.90 + 0.94

Thus , one would estimate with 95% confidence that between 6.96 and 8.84
percent of the populati on consists of species 1.

V A X3 contingency tabl e test was conducted to determine whether there
Is significant difference between replicates . The table consisted of 7 rows
corresponding to the 6 dominant species and all others combined and 9 columns
correspond ing to the 9 replicate slides. The x~ statistic of 110.8 is signi -
ficant at the .0001 level when compared to the x~ distribution with 43 degreesof freedom. Thus , It is concluded that a significant difference exists
between the replicate estimates of percent composition for the 6 species.
Since the replicates are all taken from the same population (station), the V

percent composition of each replicate estimates the true composition at the
station . The fact that the x2 test shows a signifi cant difference in repl i-
cate percentages warns that the pooling and use of binomial theory is inadvisable.

Using the theory given in Section VI 1I-B , we can obtain a sample
estimate of variability wi thout assuming the binomial distribution app lies.
Both the binomial and sample estimates are shown in Table E-lO .

It is obvious that If one were to use the binomial formula for variance,
the result would be an underestimate . Thus, in determininq the sample size
necessary to estimate the percent composition for a species with a specified
accuracy , the binomial formula wi l l underestimate the necessary sample size.

V I - Several methods can be employed to more realistically determine the
sample size necessary. For example , suppose one wanted to estimate the V

percent composition attributable to species 3. Di ato ma tenue v. 
_____

(from Table [-9), the most dominant , to within 2~- with 95’~ confidence.Although the binomial bound is already less than ~~~~ (1.7?~-) with 3,264
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TABLE E-lO

VARIANCE AND BOUND BASED ON BINOMIAL THEORY AND ACTUAL SAMPLING RESULTS

& Spec ies Es timate Var iance 95% Con fidence Bound
Binom ial Sample Binom ial Sample

1 7.90 .0727 .1203 0.94 1.21

2 3.28 .0317 .0401 0.62 0.70

3 40.35 .2407 1.0856 1.72 3.64

4 18.60 .1514 .7033 1.36 2.94

5 3.83 .0368 .0509 0.67 0.79

6 12.93 .1126 .3205 1.17 1.93
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organ i sms coun ted , the more realistic sample estima te is 3.64%. The
V 

number of organisms necessary to reduce this bound to 2% is found by
solving :

= 
4 (Estimated Variancel 

~( Boun d )2

= 4(1.0856) X l0~ = 10,856
(2)2

This works out to about 21 more replicate slides at the present rate of
V approximately 363 organisms per slide (60 fields).

The main disadvantage of the above method is that one must have an
— 

estimated sample variance before n can be calculated . Thus , several replicates
(at least three would be advisable) must be analyzed before the necessary sample
size can be estimated. A cruder alternative is availabl e when preliminary
sampl ing canno t be conduc ted. F irst, one can estimate the sample size using
the binomial formula, then multiply by a “safety factor ’ to adjust for replicate
variability . The appropriate factor is the ratio of the true variance to the
sample var iance. In our example , TableE-l~ the factor ranges from about 1.5
for the species at the lower end of the dominant scale to about 4 for the
species with high percent composition .

For exampl e, if one were to use the binomial variance to estimate
the sample size necessary to estimate the species 3 percent composition to
within 2%, with 95% confidence , one would get:

4 (Binomial Variance ) 
~ 

Vn 
(Boun d )2

4(.24o7) x = 2407
V (2)2

Using the safety factor of 4, since species 3 is at the upper end of the
dominant percentages , one finds that about 9600 organisms should be counted .
This is not too far from the estimate of 10,856 obtained using the sample
results.

In summa ry, if slide repl icates are to be used for estimating percent
compositions , the variability of the estimates may be considerably more than
is expected assuming a binomial distribution . More realistic estimates of
variability can be calculated from the actual sample resul ts, and these in
turn can be used to estimate sample sizes necessary for a specified accuracy
of estimation . If the binomial distribution is used to determine sample size,
a safety factor should be used to adjust for replicate variability . To be
safe, this factor should be at least 2 for species at lower percentages
(5-10%), and 3 to 4 for species above 10%.
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V I I I .  Deta i led Procedures
V 

- 

A. Ana lysis of variance for Shannon ’s Diversity

- — Suppose one is estimating a station ’s true diversity by selecting a
single slide , preparing 

~A 
aliquats (and thus 

~A 
microscope slides), and

then counting n~ sets of TO fields each on each sl ide (see section II of thi s
report for the analysis of such an experiment). A statistical model for such
an exper iment wou ld be:

Hjk = H + A~ + (‘jk
where Hjk is the Shannon diversity estimate for the k

th group 
V

of 10 fields in aliquot j V

H is the true Shannon diversity , - :

A. is a random effect associated with aliquot j
is a random effect associated with the k group of 

V

10 fields on aliquot j.

Assume: E(A.) = 0, Var(A.) aA
2/N .

0, Var(E.~) a~~ /N~~
Coy (A~ (‘j k~ 

= 0

V 

where N .k = number of organisms in kth group of 10 fields
~ in altquot

N~ = 
~~~~

. N,~ 
= number of organisms in aliquot ~

Thus E (H jk ) H

Var (H ik) = °A ’~ j 
+ 0c

2/Njk

Basharin (1959) shows that,

Var (Hjk) = t~~piin 2 Pi - H2~ /Njk 
V

so that this model is in agreement to the order of Njk.

151

- 
-‘-V -V. 

V V . V . _ _ _V V. V.VVV_~~~ V• - —V.— -—— ~ _ - V _ _  ~~~~~~~~~~~~~~~~~~~~~~-— --V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



___ - --‘ __________________________
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~

‘ --- --——--
~

-

~~

-— -—-— --—‘- -- - r

V 

Now one can apply the usual anal ysis of var iance methods to th is nested
model for H

ik. 
First calculate

—

= 
k=~— 1 

Hjk/nc j = 1, 2, 
~~~~~

~~

iT = 
~ H.k/nAnc

j=1 k=1 ~

In terms of the model ,

iT~ = H + A~ + k~1 
C
jk/flc

IT = H + X A ~/~A 
+ 

~

so that
2 2 n

Var(Tt~) 

: ~~~~ 
~i~ir

where N . = ( ~
k=1 jk

2 
~A C) 2 nA ~cVar(1T) 

~~ ~ 

n~~n
2 

~~ k~1 
Nik

+
f l~~ f l~~ fj

where N = ( ~ ~~~ N = (
~ ~j=1 j — jk jk
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Define
2SSA = n ~~ (iT. - IT)

t. c~...1
— 

nA 2
= “c ~ [(H. - H) - (ii - H)]j=1 ~

2 2
= t

~c 
- H) - nCnA (H - H)

Thus 2 2
E{SSA) = 

‘1c°A + 

2
~c°A ______

- -

2 2n oc M
= (n A-1)[ N 

+

2 2n o
V E{MSA} = E{ 1 SSA } = _____ + N nn

A
-i ‘1A— nA ~

Secondly, 
r’

SSC 
n~ 

(H.k 
- iT .) 2

j=l k= i ‘~

~A ~
1c

= 
~~ 

[(H.~ - H) - (iT. H)]2
j=i k=1 3 3

~A 
t1C nA

~ (H.k - H)2 - n ~~ (iT. - H) 2
j= 1 k 1 ~ c

:; E ( SSC) = (~~~~
°

2
C) V

E(MSC) = Ef 1 
SSC} = _____ 

V

nAnc
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If one forms the approximate* F ratio,
V 

MSAF MSC
2

he gets a test of the hypothesis Ho:°A = 0, or that the aliquoting contributes
no extra variability (beyond that of the sets of fields wi~hin aliquots ) to the
diversity estimate. Large values of F would imply that °A > 0, or that the
aliquoting does contribute additional variability . These tests are conducted
in section II. B.

Note that this same reasoning could be extended to additional
hierarchies. For example, one could similarly analyze an experiment involving
stations, sl ides wi thin stations, and fields within slides wi thin stations.
In this way one can determine which variance components seem to contribute
most to the variability of the diversity estimate. These tests were conducted
in sections II to IV of this report.

B. Procedure for Estimation of Percentage of Specific Organism

Assume r repl icate sl id es , with n1, n2, . .. ,  n organ isms
identified on each slide . Let y1, y,, ..., y repr~sent the numberof a par ticular species in each replica te. ~f p is the true fractionof the population which is the species of interest, then one may
estimate p by the r fractions

- 

~
‘r 

V

= 

~j’ 
p2 = 

~~~~~~~ ~r 
=

V.- Central limit theory implies that these sample tractions will
V - - V - be approx imately normally distributed , wi th meaü p. If the binomial

assumption is made, the variance of is pj~ P). In the periphyton

sampling experiment , there Is evidence that this value underestimates
the actual var iance , hence it is proposed that the assumption

2
Var iance = 

~~
— be used

w~ere ~2 is an unknown con~tan t, exceeding p(1-p). One can estimate
o by the following sample statistic:

= ______________

where ~ is the pooled estimate of p, i.e.

r r

i yi 
= ____

1~l n1

*Basharjn (1959) proves that the diversity estimate -Is asympotically normal ,
V which lends credence to the assumption that this ratio possesses an F distribution .
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V Jhen use p to estimate p, but instead of estimating the variance of
p by p(1-p) , use

N 
2

Var(~)

To estimate a percentage composition to within a specified bound
B and wi th a confidence l evel of C percent, first find the z value V

from the normal tables corresponding to C , i .e. z = 2 for C = 95 percen t,
z = 1.65 for C = 90 percent, etc . Then sol ve

- ____ 
4n - — -- x 10

where the 1O4 factor is used of B is given as a percent, but el iminated
if B is given as a decima l fraction .

IX . Biologic Interpretation of Results

The statistical analysis has shown that a significant source of
variability in determining either diversity or density on artificial
substrate periphyton samples is the difference between fields on an
individual slide. In the procedure utilized here, the slides were
prepared by placing a 0.4 ml aliquot on an 18 x 18 mm coverslip. A
random number procedure was used to determine the location on the cover-
slip to conduct the actual count. Ten adjacent fields were counted
at each selec ted coord i nate, i.e. if 60 total fields were counted , V 

-

six locations on the coverslip were utilized .

The data for the separate 10 field units shows a considerable
variation in total numbers . Locations near the edge of the coverslip
tend to have muc h l ower organ i sm dens ity than loca tions near the center.
The reason for this is that when the 0.4 ml aliquot dries , it does so

F from the edge to the center. This has the effect of concentrating
organ i sms at the center of the covers lip . Hence , there i s a very unev en
distribution of diatoms that is particularly apparent when a random
number procedure is utilized to determine the counting position on the
covers l ip.

Given the variation described above , it is possible that the
V significance of aliquot to aliquot or slide to slide variation may have
V been masked . Hence, if the variation due to drying of the aliquot on the

covers l ip could be reduced then the aliquot to aliquot and slide to slide
variation could be assessed in a more precise manner. A re-examination
of these variables would be appropriate .

V An obvious needed improvement in processing technique is the
development of a procedure that does not concentrate organisms near the
covers llp cen ter. Lack i ng thi s, it is important that a randomized proce-
dure be used to select coversl ip l oca ti ons whi ch coun terac ts the na tura l V

tendency to count near the center where most of the organisms are con-
centrated.
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METU000LOGY FOR MACRO INVERTE BRATE COLLECTION

‘-V

Aquati c macroinvertebrates were collected from natural and artif icial
substrates in March , 1977, at 12 stations. Natural substrates were sampled
with a petite Ponar dredge. Hester-Dendy arti ficial substrates were sus-
pended approximately 1.5 - 3.0 feet below the surface. Fi fteen replicates
of the natural substrate , and fourteen units of arti ficial substrates , were
collected at each station to minimize natural vari ability .

To decrease variability a special unit was fabricated for Hester- V

Dendy plate suspension (Figure F-i). This sampling device was desi gned and
built by Mr. B.C. Pruitt of Water and Air Research , Inc. The unit consists
of PVC pipe molded into a circle with a circumference of approximately 2-1/2
feet. Fourteen 5 plate units are attached to the suspension frame by wing
nuts . Floats are attached to a line of predetermined length . The enti re
apparatus is anchored at selected station locations . For purpose of this
survey, units were suspended 18 inches below the surface.

In the field , dredge samples of the natural substrate were washed in a
bucket sieve (U.S. Standard No. 30 mesh) and bottled. Rose Bengal dye was V

then added to facilitate l aboratory sorting. Samples were preserved in 10
percent fornialin. Natural substrate samples were rewashed in the laboratory
and picked in a white enamel pan partially filled with water. After sorting,
organisms were placed in vials containing 95 percent ethanol . Ch i ronomid
l arvae were moun ted i n poiyvinyi-lactophenol for microscopic i denti fi cations .

Samples from all stations were analyzed and i dentifi cations were made
to the lowest practical taxonomi c level . Fifteen natural substrate replicates
were processed for stations 1 , 5, and 11 , and five were processed for the re- V

maining nine stations. Five of the 14 artificial substrate replicates (whole
wilts) were processed for all twelve stati ons. The community structure indices
which were computed include the Shannon-Weaver divers i ty index and the Pinkham-
Pearson index of biotic similari ty.

Organ i sm Loss F rom Process i ng

A problem encountere d wi th the quantifi cation of benthic macroinver-
tebrates was the loss of organisms during laboratory processing. This occurs
when benthic samples are rinsed in a 30-mesh sieve to remove formalin , dye,
and the finer sediments . Therefore, we saved the rinse water and examined
it for macroinvertebrates for the five replicates at Station 1 in order to
estimate losses from this techni que . This experiment was unnecessary for
arti ficial substrates since they were not rinsed in a sieve .
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The tab le be l ow , wi th the fi ve replicates pooled , enumerates the results : 
V

Taxa Num ber of Organ isms Re ta i ned By:

30-mesh Sieve Rinse Pan

Proci adius sp. 88 3

TanyVpV.!~~ n~ppunctipennls 7 3

Ol i gochaeta 1.5 0.5

Nematoda 1 0

Un identified Coleopteran 1 0

Totals 98.5 6.5 ~:=l05(93.8A ) (6.2’t) V

A similar experiment was conducted on a leaf pack sample. Of an
estimated 400-600 organisms within the sample , approximately 100-200 passed
through the sieve. Almost all those lost were chironomi ds and we feel that
a 6.2 percent loss is acceptable. The loss is apparently only partially
related to organism size when considering those with smal l diameters .
Experience has shown that there is very little loss when samples contain
moderate to large amounts of fi l amentous algae or sand. Apparently, san d V

plugs many of the sieve openings and fi l amentous algae entangle the organisms
which results in higher sieve retention .

The sediment in the study area was composed almost entirely of clay
and silt. This matrix was of a pudding -like consistency . It was typically
orange or brown (oxidized) on top -, becomi ng gray ( reduced) underneath . The
top orange layer, as observed from dredged benthic grabs , was about 1-2 cm 4: -
at Stations 1 and 2. It was 2—4 cm , at Stations 3, 4 and 5, but reduced to
a thin veneer at Station 6. The orange coloration was replaced by brown at
Stati ons 7 through ii. It was a brownish-orange at Station 12 , grading to
medium brown below. Some gravel remains of an old dani were found at Station 9.
Smal l amounts of shell were observed at Stations 6 through 11 .

Detritus was present at all stations , but was abundant only at Station V

6. Oil was also found only at Station 6 and formed a film on the water
surface when sieving macro-invertebrate samples . A mat of filamentous algae
covered the bottom at Stations 3 through 6 where it was relativel y dense. V

However , -It was very thin at Station 6. A slender spikerush (Eleocharis
acicularis? ) was found in small quantities on the benthos at StatIon 12.

Dead fish were present In the sediment at Stations 1 through 5. They
were partially decomposed and almost unidenti fiable but were probably gizzard
shad and appeared mos t abundant at Stations 1 through 3. Burrows of the may-
fly l arvae Hexagenia sp. were abundant at Stations 7 through 9 while only a
few were found a t ~tat1ons 10 and 11 .
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V An effor t was made to sample ben th i c macro inver tebra tes at comparable
depths. This was possible at all stations except 8, 9, ID and 12. Stations 8,
9, and 10 were 3-4 meters deep , and Station 12 was about 0.75 meters deep. The
remaining stations were 1.3-2 meters deep.
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COMPUTAT I ONAL METHODS*

Community Analysis

Introduction

Biotic components of water quality are generally quantified by one-
dimensiona l diversity indices when single samples or stations are examined .
or two-dimensional coefficients of biotic similari ty when sample/sample ,
station/station , or species/species comparisons are undertaken .

Diversity indices are mathematical expressions that describe the distri-
bution of individuals wi thin the community . There are a number of divers i ty
ex press ions in use. In genera l , maximum divers i ty exists if each individual
belongs to a different species. An environmental parameter that influences
community structure will also modify the diversity index . In cases where
environmental stress may occur (such as competition among species , physio-
chemical limiting factors, or pollution), the community 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 individuals of the
remaining species , especially in the case of organic pollution . Environmental
stress, therefore, tends to reduce the magnitude of diversity indices . One-
dimensional divers i ty indices include the Shannon-Weaver Species Divers ity ,
Evenness , and Simpson ’s Index of Dominance.

V Coefficients of biotic similarity quantify the taxonomic overlap between
two samples or stations . Most of these coefficients assume values between
O an d 1, where a value of 0 indicates no species overlap , and a value of 1
implies identical species composition . Morisita ’s Index of Faunai Affinit y
and the Pinkham-Pearson Index of Biotic Similarity are measures of biotic
similarity .

In this study, data processing subsequent to manual taxonomic i denti-
fication/confirmation was executed through the IBM 370/OS system at the
Northeast Regional Data Center of the State Univers i ty System of Florida Ij
(NERDC). Diversity indices and coefficients of similarit y were calculated
by proprietary FORTRAN IV routines. The phenograms were generated through
application of the NT-SYS Numerical Taxonomy System developed by Rohif ,
Kishpaugh and Kirk at Stony Brook (1974).

Shannon-Weaver Species Divers ity Index (H)

as: 
The Shannon Weaver Species Di versi ty Index , ~ (Odum , 1971) is defined

He 
~~~ 

~.1- 1n~~!

t -

*procedures outlined and examples cited were part of a study conducted for the
U.S. Army Medical Research and Development Coninand.
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where n~ = total number of organisms present as species i
t

N = 
~ n

~ 
= total num ber of organ i sms present in the sampl e

i —l
t — number of taxa present in the sample.

ii ranges from a minimum of 0.0, occurring when all organisms belong to the
same taxon (no diversity), to a max imum of in N , occurr ing where eac h
organ i sm present belon gs to a un ique taxon (max imum di vers ity ).

The Shannon-Weaver Index -is commonly expressed to other logarithmic
bases , espec iall y base 2 an d base 10, and is easily converted by the
following expression:

iT1:1- e
basex ln x

Pinkham—Pearson Index of Biotic Similarity (B)

The previously discussed i ndex (iT) quantifies community structure with
a sacrifice of taxonomic integrity important to paired comparisons between
samples or stations. Such an index is i ncapable of distinguishing samples

V of similar gross community structure, but unlike taxonomic composition .
That is , in computation , the I th species of one sample is not necessarily
the same i th spec ies of another sample.

This insensitivity to taxonomic overl ap is surmounted by the Pinkham-
Pearson Index of Biotic Similarity , B (Pinkham and Pearson , 1974) defined
as:

B - Mm (~iA ~iBJ= 

~ Max 
~~~ ~1B~

where t = num ber o f taxa cons i dered

niA = number of organisms of species ! present at Station A

= number of organisms of species i present at Station B

Mm (niA, n B) 
= the minimum value of the pair: ciA’ n IB

Max 
~ IA’ niB) = the maximum value of the pair: n

~A ~iB

Biotic similari ty is defined only for a paired comparison between two samples
or stations. I-f two samples are characterized by identica l taxonomic overlap
(all species occur in i dentical abundance), the calculated Index assumes a
value of 1.0 (maximum similarity). Two samples possessing no species in common

‘ share an Index of 0.0 (minimum or no similarity). The number of species
considered -, t, may inclu de onl y those spec ies observed in either or both of
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the two samples , or , if mutual absence is deemed important, may inclu de
species not necessarily present in either sample. If mutual absence is

V considered important, Mm (0,0) 1 and Max (0,0) 1 in the computation
of biotic similarity .

A biotic similarity index , B’ , between species may be defined on
spatial and numerical occurrence by transposition of the axes in the pre-
ceding expression of station similarity :

1 Mm (n~1 n~2
- V 3~ Max (n 1, n~2

where : k = number of samples or stations considered

= number of organisms of species 1 at Station ,{ 
V

= number of organisms of species 2 at Station ,~~

Mm (n.1, n . ) = the minimum value of the pair: n .1, n.
j j2 3 ’  3

Max (n 31, n~2) = the maximum value of the pair: n~1~ n~2 
V

This i ndex likewise ranges from 0.0 (minimum similarity ) to 1.0 (maximum
similarity). B’ may possess utility for grouping species accord ing to
environmental preference or pollution tolerance -- that is , it may
delineate “indicator organisms ” .

Phenograms

The quantification of similarity between pa i red stations , samples , or
V 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) :

~c = S (s 11

where : PC = number of unique paired comparisons

S = num ber of stati ons , samp l es, 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 wi thout computer-aided analysis and graphic models.

Algorithms for clustering similarity matrices into two-dimensional ,
h ierarch ic rela tions hip s have been deve l oped by numer ical taxonom i sts (Soka l
an d Sneath , 1963). A technique frequently invoked by ecologists and generally
regarded as introducing the least distortion into similarit y relationships
is the sequential , agglomerative , hierarchic , nonoverl apping clustering
method (SAHN) using unweighted pair-groups with arithmetic averaging (UPGIIA),
described by Sokal and Sneath (1963). The product of this procedure is a
branched diagram termed a phenogram (or dendrogram), illustrated in Figure G-1.
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This phenogram was generated by computer using the NT-SYS Numerica l Taxonomy
Package (Rohif , 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
th is case , the Pinkham-Pearson Biotic Simi larity Index . Points of furcation
(branching) between the horizontal stems, representing stations or groups of
stat ions impl y that the simi lar ity between the two streams is at the coef fic ien t
value shown above the branch on the abscissa.

V The magnitude of similarity between 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
sin gle , structured set containing all the stations.

The degree of distortion resulting from the cl uster analysis may be
quantified by the cophenetic correlation coefficient, rcooh , 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 rcoDh (rconh >0.8 for
fewer than 10 stations) indicate that the distortion introduced by the
cluster ing procedure and depicted by the phenogram has not sign ifi can tly
masked the informational content of the original similarity matrix.
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