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SECTION 1 »
INTRODUCT ION

The objectives of this study were to provide information on sediment
composition as a basis for determining whether the metals and nutrients in
the watershed sediments were present in high concentration and whether they
were being transported in a'reactive chemical form threatening to the water
quality of Lake Ontario.

Freshwater sediments have a significant role in the complex interaction
between pollutants and water in a river 'system and their andlysis has been
used to detect and trace pollutant inputs and to anticipate the effects of
these pollutants on water quality (1-4).

In characterizing sediment transport of nutrients and trace metals in a
watershed it is necessary to differentiate among the several sediment compo-
nents including partlculate matter, suspended sediment and bottom sediment.
Each of these components has different physical propertles (e.g. particle-
size distribution, density and surface area), interacts in different ways
with nutrients and metals in the water column and will be transported at
different rates.

In addition Gibbs (5) has shown that the amount of trace metal carried
by suspended sediment in a river was strongly dependent on the chemical form
of the element. He used sequential chemical extractions, each corresponding
to a mineralogical phase within the sediment. Gibbs distinguishes an ab-
sorbed phase consisting of ions or complexes adsorbed to sediments; an in-
corporated metal or phosphate phase formed by physical, chemical or biological
incorporation of phosphorus or trace metals in a sediment organic matrix,
metal oxide or metal hydroxide matrix; and a crystalline phase consisting of
extractable phosphorus or trace metals which are part of the crystal lattice
of sediment minerals. These and many other differential dissolution methods
used -for soil and sediment characterization, however, are largely empirical.
Schwertmann (6) emphasized that the results of such procedures. are best
considered as a measure of the relative amount of. a phase or, more generally,
a measure of -an elements® reactivity in ‘a sediment under carefully controlled
conditions. In the present study,. these ‘physical and chemical separation
techniques are used to identify and characterize the transport phase for
phosphorus and trace metals in the Genesee River Watershed.

Previous publications dealing with bottom sediment composition in the
Genesee River basin include Reddy's preliminary report (7). Bannerman et al.
(8) also reported on chemical analyses of bottom sediments and water column
samples and a water-quality survey of the lower river has. been published (9).



SAMPLING STRATEGY

Sediment and water column samples collected in this study were obtaimed
in synoptic surveys of the Genesee River watershed. A synoptic survey, as
defined by Heines et al. (10) is "a riverwide (or multireach) study invloving
coordinated intensive sampling over a short time period (several days)."

Velz (11) and Kittrell (12) have discussed in detail the advantages of
synoptic surveys over other monitoring programs. Heines et al. have empha-
sized that results obtained during flow events are particularly relevant for
long-range planning. In addition, sampling prior to and immediately after
major basin flow events is necessary because the mobilization and deposition
(i.e. transport) of sediment-associated pollutants, rather than their absolute
concentrations, are often important. Therefore, attempts were made to co-
ordinate our synoptlc survey program with basin runoff events in several
seasons.

Sediment samples were collected during the four seasons of the year.
Field work was performed by deploying two mobile field laboratories- to 28
stations in the 2400 sq. mi. basin on three consecutive days.



SECTION 2

MATERIALS AND METHODS

The 6,500 - km? (24400 sq.-mi) Genesee River watershed'is located in
Central New York State, trlbutary to Lake Ontario, and has an average dis-
charge of approximately 76 m /s (2,700 cfs) near Rochester, NY. .

A wide varlety of soil types and gebchemical areas aré found in the
Genesee basin, which consists of ‘thrée térraces separated by northward-facing
escarpments. Soil's' in the southeragmost terrace are 51ltstone, shale and
sandstone mixed on glacial till with moderate drainage quality. The central
terrace has soils composed predominantly of limestone with shale and sandstone
mixed .on glacial till with good drainage quality. A narromélake plaln within
the ¢ity of Rochester consists of ‘soils composed of lacustzineé silt and clay
dsposits which are porly drained. Sampling sites on-the G%nesee River used
in this study are 'shown in Figure 1 and Table 1« The srtes were selected by
the U.S. Geological Survey for long-term flow and su5penQed'sed1ment fmeasure-
rents so that pollution from any nearby point source wa$ avoided as much as
possible. .

SAMPLE QOLLECTION AND PRETREATMENT

Definition of Terms

-3

Samples collected and analyzed in ‘this investigation are defined and
referred to as follows:
1. Water Column Total Concgntratibn: The concentration.of a constituent
determined on an unfiltered sample. -
¥ 4
2. Water Column Dissolved ¢oncéntration: The concentration of a con-
stituent which will pass through a 0.45 i membrane filter.. .

3. Water Column Particulate Concentration: The concéntration of a con-
stituent which is retained by a D.45 p membrane filter. This water column
component is often termed suspended solids or suspended sediment.

4. Bottom Sediment Concentration: The concentration’of a constituent of
sediment wet sieved on site through a 2 _mm sleve, and subséquently dried,
crushed and sieved through a 100 mesh 51eve before analys;s.

5. Resuspended Bottom Sediment Concentration: The concentration of a
constituent of bottom sediment. suspended duxlng ‘the wet: 51ev1mg of a bottom



TABLE 1. " SAMPLING SITES ON THE GENESEE RIVER

Site Miles U.S.G.S.: Latitude Longitide
Location from Station "

Mouth of Number-

Genesee )
Wellsville, N.Y. 137 04-2210-00° * * 420 O7' 20"¢ 77° 59+ 27"

4o e

Transit Br., N.Y. ° 117 04-2214-23 -42° 19' 46" 78° 04' 36"
Portageville, N.Y. 85 04-2230-00, - 42° 34 13" 78° 02' 33"
Mt.. MorTis, N.Y. 62 04-2275200 .- "42° 44y 00" 77° 500 21"
Avon, N.Y. . 35 04-2285-00" "42° 5% 5Q" 77° 45 27
Bochester, N.Y.. 5 04-2320-00 43° ,10' 50" 779 37* 40"
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sediment sample. Resuspended bottom sediment consisted only of that material =«
in suspension afteér standing 30 min. The resulting suspension was immediately
frozen and eventually freeze-dried prior to analysis.

Sediment Samples

Sediment samples were collected in midstream and’' wet-sieved immediately
through a 2-mm polyethylene sieve using r1ver~water. The wet sediment samples,
were frozen on site and stored frozen in a fmobile field laboratory. Sample
collection and pretreatment procedures were adapted from techniques employed
by the U.S. Geological Survey and are outlined in Table 2. A summary of the
analytical -procedures used to characterize sediment and water column samples
has also been presented elsewhere (13) e ‘

Water Column Samples

Water and .suspended sedimeént samples were obtained using a 4 1 non-
metallic Van Dorn sampler’at’ & depth of 1 m in the main channel (Fig. 2).

Unfiltered samples were acidified immediately after collection. A sep-
arate sample was filtered th:mugh a prewashed 0.45~-pm Millipore filter, using
compressed argon gas and Plexiglas’ équipment., The filtered sample was
acidified immediatély. The filter with particulates was dried with a brief
flow of argon gas, folded &nd stored in a plastic Petri dish until analysis.

y I

SAMPLE ANALYSIS ' -

Sediment Samples

- §

Method of Total Analyzis - N
Frozen bottom sediment sampies were thawed for analysis, dried at 110°C,
crushed, and sieved through a 100-mesh nylon sieve. After digestion with
HNO3-Hy0, at 100°C for 2 hours (14), metals were determined.in the filtered
extracts by atomic absorption spectroscopy. Silicate minerals are not solu-
bilized in this procedure; thus the metal results are an estimate of the
total extractable (environméhfally available) metal content of the sediment.
Sediment total phosphorus was determined using the HNO3-Hy0, digestion
and/or an acid-alkaline persulfate method (15). Both digestion methods gave
the same sediment phosphorus content for a series-of 28 samples, one from -
_each station in the watershed.

Total carbdn, prganic <arbony and total nitrogen in sediment were det-
ermined with a high-temperature (1,100°C) combustion technique, employing a
Perkin-Elmer CHN analyzer (Model 240) modified to accept up to 1 g of
material. ¢ :

Method of E;actlonal Analysis =--

The fractlonatlon scheme employed in this investigation for the deter-

mination of several forms of extrartable phosphorus and trace metals is shown

in Figlre 3. The phosphorus extraction procedure employed NzOH (with NaCl)



TABLE 2.

SEDIMENT SAMPLE COLLECTION PRESERVATION AND PRETREATMENT

Bottom Sediment

Fine-textured Sediment
Washed from Bottom
Sediment

Collection -

Pretreatment

Preservation

Sediments were collected Wet sediments were

in mid-stream where pos- frozen immediately ‘on
sible. and were immediately s1te and stored frozen
wet-sived on site through until the .start of

a 2-mm polyethylene sieve analysis. !

using -river water.

Fina-texthred sediment
was suspended during
wet-seiving. The re=
sulting -suspension was
allowed to stand for 30
min, ‘then -the quiescent
supernatant was, carefully
decanted 1n£o a 2 liter
plastlc bottle

-5} A

Fineé-téxtured sediment
suspensions were
frozen immeédiately on
site and kept frozen
until the start of
analysis.

- Frozen samples were

o

thawed prior to ananl-
ysis, dried at 116°C,
crushed and sieved
through a 100-mesh nylon
sieve.

Frozen fine-textured
sediment samples were
thawed arid centrifuged
(10,000 Brrpm for 20

‘,min.)-to reduce sample

volume from 2 to 0.l
liters. The resulting
concentrated suspension
was_freéze-dried.




Figure 2.

"4 liter sample
colletted with all
plastic horizontal

Van Doren sampler

TRACE METAL [FLOW CHART

Figure é. A floWw chart showing water

after the addjtion
of 3 ml of H202

_— 2

£

] oo

v B
atomic

absorption
analysis

. Vo

sample filtered
through 0.45-pm

e —

Millipore filter

i

MMLNEES I
. e
unfiltered
5 ml HNOj
per liter
o= ST N ‘- -
atomic sampke volume- .,
absorption redueed, to 1/10th
analysis initial by boiling

particulates
on filter

digested with -
10 ml of HNO3

and

_3°ml bf HoOp

t

1.

5 ml, HNOg
persliter

s,

r .

atomic

~absorptian

analysid’

- e

3

. stripping
voltammetryt},

"anodic

column sample pretreatment procedures.

atomié
‘absorption
analysis

= b m wm




Figure 3.
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for the extraction of non-occluded phosphorus and HCl for occluded phosphorus
(adopted from Williams et- al., (16,17). Work performed in this laboratory
(18) and elsewhere (19) indicates that the NaOH extractable phosphorus is.a
measure of biologically available phdsphorus. Hydrochloric acid ‘exttactable
phosphorus reflects apatite phosphorus -and phosphorus incorporated in-iron
oxides.

Methods used. to measure extractable metadls were cHosen so-that some
information -could be obtained om the association of phosphorus with hydrous
metal oxides. :

A hydroxylamine extraction procedure (20) (see Figqre,S) for extraction
of manganese under acidig, mildly reducing conditions was uséd. to examine the
manganese-phosphorus relationship. Subsequent extraction with ammonium
oxalate-oxalic acid solution was used to remove amorphous iron .oxides.and
organic iron, and phosphorus associated with these constituenfs,gé).,

Water Column~8aqples

Water column analysis was performed as described by Krishnamurty ang
Reddy (13, 21). Filters, with particulates, were digested employing a HNO3-
H202 procedure prior to analysis. g
QUALITY CONTROL PROCEDURES : ,

During ‘each analysis replicates of actualhéediments were TUn as quality-
control check samples. Precision and accuracy of the total sediment digestion

procedure for metal analyses were -published (14). The coefficient of vari-
ation (CV) of metal analyses for each of these samples was 0.10 or less.

For phosphorus, in addition to the sediment ‘quality~control samples, a
National Bureau of Standards standard.reference material {No. 1571, Orchard
Leaves) was analyzed with each batch of samples.. The total phosphorus con-
tent of this reference material by the' acid-alkaline persulfate method was
2,038 pg/g (certified value, 2,100 = 100 pg/g) with a .GV of 0.05 (n = 21).
The CV for total phosphorus analysis of ‘three actual sediments used as
quality-control check samples were 0.12 (n = 12), 0.16 (n = 11), and 0.13
(n = 11), with means of .412, 487, and 758 pg P/g respectively.

In a quality-control sediment sample analyzéd for total ﬁarbon_(mean
0.5%) and total nitrogen (mean 0.06%) the CV were 0.20 (n = 9) .and 0.23 (n =
9) respectively. . : -

Precision for replicate phosphorus fractional -analysis on actual sediment
samples used for quality control check's shows a CV of about 0.10 for all ex-
traction procedures for samples containing more than 100 pug P/g extractable
phosphorus. Precision for metal extraction analysis is similar to that' for
phosphorus.

SEEDED CRYSTALLIZATION EXPERIMENTS

A detailed description of the seeded growth technique has been published

10



recently (22). The following summarizes the experimental procedure employed.
Reagent grade -chemicals; distilled, deionized, filteréd (0.22-um Millipore
filter) water; and grade A glassware were .used in all experiments. Super-
saturated calcium carbonate solutions were prepared by drop-wise addition of
200 ml of % x 104 M calcium chloride solution to 200 ml of 8 x 10-3 M sodium
bicarbonate solution in -a thermostated double-walled Pyrex glass reaction
vessel. Stability of the supersaturated .solution was verified by the con-
stancy of pH for at least one hour béfore the start of each experiment.
Solution pH changes ag¢companying calcite growth after inoculation of the
stable supersaturated solution with seed crystal were monitored with a
Corning pH Meter and a strip chart recorder,, Calc1um concentration in
solution was followed during crystalllzatlon by analy51s of solution fil-
trates. An EDTA titration procedure ‘employing calcein indicator (23) with a
micrometer burette was used to determine calcium concehtration in the fil-"
tered solution. Total carbonate concefitration was calculated from a
titrimetric analysis of the flltrate using 0.01 N sulfuric ac1d and methyl
purple indicator (pH range 4. 8= 5.4). A Quantachtome Monosorb‘surface area
analyzer was used to measure seed crystal surface area; a-Phillips powder
diffraction apparatus with copper K, radiation and a nlckel filter was
employed for "X-ray powder dlffractlon verification of seed crystal tompo-—
sition. Calcite seed crystals weré prepared by rapidly adding 0.5 M CaCl2
solution to 0.5 M NajCO3 solution -at 5° C. The viscous suspension formed
was gradually warmed to:25° C, stirred overnight, then washed with distilled

water. Seed-wasg'aged in ‘distilled, deionized water 6 momths before use. The o

seed cortsisted of uniform aggregates of flat crystals shown to be calcite by
X-ray diffraction, w1th a surface area of l.71 m /g. Seeded crystal .growtHh
experlments were performed in solutlons resembllng natural waters. Ionic
species concentrations were calculated from measured solution pH“ard from
total calcium and carbonate concentratlons, using the mas< action and mass
balance equatlons (24) Calculat10ns~Were performéd- using successive approx-
imations for ienic streng%h, I, (24) with-a Wang- 720 C programmable calcu-
lator. Ton’activity coefficients weré obtained fror the-modified Debye -
Huckel equatlon proposed by Davies (25). Bicarbonate ion-was’the- predominant
carbonate species in the experimental solutions comprising more than 95% of
the total carbopate concentrations Caloium»Garbonaﬁe -and bicarbonate ion-
pair concentrations were considered in 'solubility calculatlons. The
influence of phosphate ion-pair formation on the- crystalllzatiqn redction
was examined and ‘found to be negligible (22) at the phosphate concentration
levels employed. BT 4

"~
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SECTION 3

RESULTS

4

SEDIMENT COMPOSITION AND ITS VARIATION AT SITES ON. THE GENESEE RIVER

Bottom Sediments

Total Analy51s -

Bottom sediment nytrient and metal concentrations at six sites on the
main stem of the Geneseg, ‘River are shown in Appendix 1 A. These samples were
collected after the sprlng snow-melt,runoff, the maJor hydrological sediment-
mixing and transport event in the basin. The samples were obtalned from
slightly dlfferent locations at each site "to determine Sedimént homogeniety.

» Fractlonal Analy%1s -=

Fractional extractional analytical results-for bottom sediments dls-
cussed in .the prevlous segtlon are shown in Appendlx 1B (for phOSphorus
ana1y51s) and 1 C (for metal analy51s)

o2

Resuspended Bottom Sediment, Total.Analysis

Resu5pended sediment samples collected from the Genesee River during
March and July 1976 were analyzed to determlne the comp051t10n of fine sed-
iment in the river, -These results are shown iR Appendix 1 D and are dis-
cussed in Section 4.

- -0 .

WATER OOL:UMN- METAL CONCENJRATION AND ITS VARIATION
Preliminary-basin-wide surveys
Total Water Column Analy51s --

A preliminary survey was conducted on April 14 and 15, 1975 to determlne
the total concentration of several metals in surface waters of the Genesee
- River basin. The metals analyzed for in several or all samplés ifc¢Iuded
arsenic, cadmium, chromium, copper, iron, lead, mercury, potassium, sodium,
zinc, calcium, magnesium and nickel. -

Samples from five sites were analyzed for arsenic and mercury. All
results were less than the minimum reportable concentration (0.02 mg/l for
arsenic and 0.0004 mg/1 for mercury). Further work on these two elements
was not performed in this special study.

12



Total water -colymn cadmium.concentrations wége :determined at 20 sampling
sites. All results from these.analyses were less than.the minimum reportable
conceniration for gadmium (0.02Q mg/1).

Ccpper, chromium, lead, nickel and zinc were also determined for
samples collected at each of twenty sites. All results were equal to, or
less thran the minimum reportable metal concentration. Slgnlflcant total
water ,olumn concentrations -were observed for,iran, potassium, sodium
magnesium, calcium and manganese.

Total #ater Column Analysis (w1th evaporatlveApreconcentratlon) --
E.aporatlve preconcentration was used to increase metal analysis
sensitivity for total water column concentrations. Results of evaporative
precor.centration for total water column analysis for representative samples
colleczzd at 6 sites on the Genesee River December 14, 1975 are presented

in Appzndix 2 A.

Dissggl2d Heavy Metal Analyszs_iby Differential Pulse Anodic Strlpping
Voltarcetry, DPASVY)

I~ order to achieve analytical sensitivity compatible with low concen-
tratic-s of dissolved cadmium, copper, lead and zinc the DPASV procedure was
used. Filtered samples from twenty stations in the Genesee River Watershed
were ccllected on December 12 to December 15, 1975 and analyzed’ for lead,
cadmiuvz, copper and zinc using DPASV. On March 12 to March 15, 1976 filtered
water zolumn samples were collected at each of twenty-eight stations in the
watershad and analyzed for lead and cadmium by DPASV. Results of these
analyszs for six stations on the Genesee River are showrin Appendix 2 B.
These -2sults show very low but measurable concentrations of dissolved
cadmi-z, lead, zinc and copper.

Total wz2ter Column Metal ‘Concentrations at Six Sites on March 13, 1976

T:tal metal analyses were done on water column - samples collected at
six siz2s on the Genesee River during a peak flow. period in March 1976 to
monitcs the metal concentration along the Genesee River. Results for
analysis of total water column samples collected on this date are shown in
Appencix 2 C. Aluminums copper, chromium, lead, nickel and zinc concen-
tratic-s, determined by .atomic absorption spectroscopy, were at or below the
minim= reportable concentration. Elements which showed significant con-
centrzzions in the samples, iron and manganese, demonstrated good repro-
ducibility between duplicates.

Disso:ed Water Column Metal Concentrations at Six Sites on March 13, 1976

Cissolved metal concentrations are often the water column parameter with
greatest potential inpact on water quality. For this reason.dissolved metal
concer~zrations and their variation. were determined along the length qf the
Genese: River during a peak flow period during March 1976. The results are
shown in Appendix 2 C. As found for the total water column concentrations
discussed in the preceding section, aluminum, copper, chromium, lead, nickel
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and zinc concentrations (determined by atomic ahsorption speétroscopy) were
at or below the minimum reportable concentration. As shown previously for
total concentrations, iron and mangane$e usually show measurable-vidlues at

each station.

4

Particulate Metal Watér;Cclumﬁ Conceﬁtrations at S;E_Siteé on March 13, 1976
Anarytlcal results.for thetdetermlnatlon of particulate m&tal concen-

trations in water column samples from six sites on the Genresee River,

March 13, 1976 are shown in Appendix 2 D. In contrast to the total and

dissolved analyses, “the particulate determination shows measurable metal

concentrations for nearly all 'metals at each statiori.

%]

14



SECTION 4

"‘DISCUSSION

DATA ANALYSIS

Bottom Sediment Composition

Statistics --

In order to discuss the chemical composition of basin sediments most
conveniently, statistical procedures are usually employed. The basis for
evaluating the pollutional impact of point and nonpoint sources of individual
nutrients and metals in a basin is the frequency histogram, the statistical
distribution of the concentrations. Innnatural materials the concentrations
sometimes follow a Gaussian (nermal) distribution (26), while in other cases
the distribution may not be amenable to a simple description (27). As
Siegel (28) and Miesch (29) have emphasized, the distribution of chemical
elements in rocks, soils, sediments, water, and a variety of other natural
materials most often approx1mates a logarithimically transformed Gsussian
(lognormal) dlstrlbutlon which exhibits a positive asymmetry.

Frequency dlstr;butlon plots of the bottom sedimert nutrient and metal
¢oncentrations are shown in Figure 4. The bell-shaped, symmetrical plots for
Al, Fe, and P are typical of a normal distribution. Plots for Cu, Mn, Ni,
Po, Zn, ‘total and oxgdnic C, and total N show a p051t1ve asymmetry. The' Cr
distribution is strongly influenced by‘the frequency of results at or near
the detection llmgt No sediment constituent -examined in ‘this study had a
negatively asymmetric frequency distribution plof.. Figure 5 shows the
corresponding cumulative frequency dlstrlbgtlons. -

An essential statistical tool for measuring background, local, and
regional pollutant inputs and for identifying possible and probable sites of
point and nonpoint source pollutidén is the %tandard deviation (SD) of a
series of basin bottom sediment concentrations. In a geochemical analysisg
sites having a concentration 2 SD greater than the basin mean are considered
anomalous. .

A statistical summary of tHe' bottom sediment concentritions -for the
entire basin is ,presented in Table 3. This includes the afithmetic mean,
SD, and coefficient. of variation (CV) (statlstlcs of a normally distributed
population) and the log-transformed, or geometfic, mean and SD (statistics
for a log-normally distributed population). The choice of whether to use
a normal or a log-normal statistical analysis depends on the actual
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distribution of the sample population.

TABLE 3. STATISTICS FOR THE CONCENTRATIONS OF NUTRIENTS AND METALS AND
THEIR LOGARITHMIC TRANSFORMATIONS FQR BOTTOM SEDIMENTS OF THE GENESEE RIVER
WATERSHED '

Edement kancentrationa* Lequransformed Concentrationd -n
Mean D Cv Mean SD

Al 6,660 2,620 0.39 '3.787  0.185 100
cr 14 9 0.66 1.101  0.173 . 78
Cu 18 7 0.40 L2231 0.170 82
Fe 15,060 7,312 0.49 4.111  0.266 | 100
Mn 424 212 0.50 2.585  0.187 100
Pb 40 67 1.69 1.404  0.346 99
Ni 23 13 0,57 1.299  0.210 98
Zn ; 69 37 .0.54 1.780  0.235 99
Total C 2.06 1.68 0.82 0.185  0.344 99
Organic ¢  1.37 1.28 0.94 -0.0553  0.441 95
Total N 0.105 0.098 0.93 -1.154  0.4l0 93
P 0.0560 0.014 0.25 -1.264  0.101 99

3Eor matals, pg/g; for nutrients, $; both on a dry-weight basis.

Several graphic and algebrdic techniques are available for establishing
the statistical- distribution of a sample population. For example, if the
relative frequency o6f a populatidn shawing a positive asymmetry (i.e. not
normally distributed) is plotted against the concentration on a logarithmic

- scale; the resulting curve often describes™ & Gaussian distribution about
the, geometric mean (i,e. the sample population is log-normally distributed).

A convenient method of determining whether a geochemical distribution
is ncrmal or log-notrmal, is to plot the cumulative frequency data on a
probaoility scale. When the concentrations are plotted on an arithmetic
scale, a best-fit linear relation indicates a normal distribution. When
the ceoncentrations are plotted on a logarithmic scale, it indicates a log-
normal distribution. Thus the plots for Al and Fe in Genesee River
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watershed bottom sediments (Figure 5) .show a normal distribution. The plot
for sediment Fe suggests two normal populations, correspondlng«to the ‘two
linear segments of the regression.

Plots for Cu, Mn, and Zn, on the other hand, show a simple log-normal
distribution. These three metals are often transported as or:by hydrous
oxides in fluvial sediments. 'Sediment Ni and total C concentrations are
also log-normal, but each plot has two linear .segments, suggesting that each
element may be distributed among two log-normal populations. Sediment N
concentrations are also log-normal, but the linear portion of the curve
covers a much narrower range of frequencies (30% to 80%) than is found for
the other sediment. constitutents examined. This may indicate additional
variance arising from nonconservative biological processes (nitrification
and denitrification), which in large measure influence sediment N concen-
trations.

Bottom sediment Pb concentrations show the most pronounced positive
asymmetry of any sediment. component examined in this study (Figures 4 and 5),
indicating that Pb is neither normally nor log-normally distributed. From
the frequency distribution plots (Figure.4) we can determine the statistical
distribution of sediment concentxations and, with this information the basin
mean concentrations and SD. For.the normally distributed components
(Al, Cr, Fe, and P) these are calculated in the usudl way. For thé log-
normally distributed components they are calculated from the logarithmic
transformation of the sediment concentrations. The mean and values for -1
SD' and +1 SD are given in Table 4. For log-normal populations the levels
+1 SD are shown as antilogs to facilitate comparison-with the normally
distributed populations. !

Comparisons of statistics in Tables 3 and 4 illustrates the change in
the mean and the range. (+ 1 SD) when a log-normal analysis is applied.
Copper, Mn, Ni, and Zn are log-normally distributed, and use of the
approprlate statistical analysis gives a slightly lower basin mean and + 1 SD
range than do calculations intended for a normally distributed populatlon.

As shown by Koch and Link (30), the small CV associated with!these parameters
(Table 3) is consistetit with the close agreement between the normal and
log-normal statistical analyses.

Sediment nutrient concentrations, organic C and N, and sediment total C,
on the other hand, show a much greater change in the mean and~+ 1 SD range
after a logarithmic transformation of the data. Although ﬂeliher normally
nor log-normally distributed, Pb also exhibits a marked change in mean and
+ 1 SD range in a log-normal anaIy51s.

For bottom sediments collected in the Genesee River watershed, and
possibly in other basins tributary to the North American Great Lakes, either
a normal or log-normal statistical analysis is appropriate for estimating
the basin mean concentration and range of several sediment heavy metal
components. In the case of Pb, total and organic C and N a log-normal
statistical analysis is preferred. This may also be required for foxic
substances, such as high-molecular-weight chlgzinated hydrocarbops, Which
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TABLE 4. ESTIMATES OF MEAN CONCENTRATIONS OF NUTRIENTS AND METALS AND THE RANGE OF (DNCEN'_I'RATIONS
ENCOMPASSING + 1 SD FOR BOTTOM SEDIMENT .SAMPLES OOLLECTED IN THE GENESEE RIVER WATERSHED

Concentration?
Statistical Arithmetic Geometric Mean Mean

Element Distribution _ Mean . Mean i -1 SD +1 SD _ n

Al ' Normal , 6,660 * 4,040 9,280 100
Cr Normal 14 v 5 , 23 78
Cu ‘Log-normal * 17 12 25 g2
Fe Normal 15,060 * 7,750 22,400 : 100
Mn Log-normal " * 3gs 250 590 100
Pb Log-normal * 25 12 56 99
Ni Log-nbrmal * 20 12 32 98
Zn .Log=-nornial * 60 35 102 99
Total C L%g—nﬁrmal * 1.530 0.692 3.380 99
Organic C Log-normal : * 0.88D0 0.319 . 2.431 95
Total N ‘Log-normal *. 0.070 0.027 0.180 93

P Normal 0.0560 * 0.0420 0.0700 99

Al
.

3For metals, pg/g; for nutrients, %; both on a dry-weight basis.

*Statistic not determiried.



are often associated with sediment organic -materials. In the case of

organic C, for example, the arithmetic mean is 40% greater than the geometric
mean. Sediment Pb concentrations show an :even. more striking difference
between the arithmetic ,and geometrlc means, ,

It is interesting to compare the estimates of the mean basin sediment
concentrations shown in Table 4 with the bottom sediment analyses for
samples collected at the Wellsville station on March 13, 1976 (Appendix.A 1)
Sample 53, which probably-reflects freshly dep051ted uncontamlnated sediment
from the southernmost area of the ba51n, has concentrations of heavy metals
(Cu, Ni, and Zn) and major nutrients 1 SD below the' basin means. Sample 52,
vhich appears to be contaminated by waste effluents, has concentrations of
heavy metals (Cu, Mn Ni, Pb, and Zn) and .major nutrients 1 SD above the
basin means.

While the basin means and + 1 SD ranges for groups of components can he
used to identify background and “contaminated sediments, the occurrence of a
single component concentrdtion beyond this range is not statistically un-
likely. As seen in the Vellsville samples, ‘background and contaminated
sediments typically have concentrations of several 'heavy metals and nutrients
above + 1 SD. The 1likelihood of this occurring on- a random basis is small.

Taken together, the. sediment. concentrations and their statistical
distribution do not proV1de‘eV1dence of‘magor pollution of. this-watershed by
heavy metals.

The relationships among sediment constituents at each station are
illustrated in Figure 6 with sediment eléemental concentrations plotted as
deviations from basin means in terms of each element s standard deviation
(data from Tables 3 and 4). Arithmetic data were used to plot normally
distributed components; log-transformed data were employed for log-normally
distributed components. In the uncontaminatgd sample from the Wellsville
station (#53) concentrations are at.or below basji means. In particular,
the nutrients (organic C; ‘Ny and P) are 1 SD below the basin mean. The same
pattern (each metal at the basin mean and each nutrient approximately 1 SD
below it) is apparent for other sampling points on the Genesee River..
However, the contaminated sediment at Wellsville (#52) shows an entirely
different pattern, with nutrient and heavy metal concentraions well above
the basin means.

Interpretation --

Variations, in nutrient and metal concentratlons qf fluvial sediment
are due to basin geology, surface erosion, riverbank erosion, industrial or
other cultural contamination, the presence of minerals rich in trace elements
(e.g. chromite), sediment ion-exchange capacity, sediment organic content,
and the presence of metallic oxides.

The mean sediment metal concentrations of the Genesee watershed are
compared in Table 5 with an average shale composition (31) and with a
typical lacustrine sediment containing carbonates (32). Differences between
the shale and lake sediment are due to a dilution effect from carbonate
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minerals-which have a lower heavy metal content than shale. This dilution
is greatest for iron and somewhat less for nickel, chramium-zinc, and
manganese (Forstner, 1977). Approximately this sequence is seen in the
Genesee watershed sediments. In the Genesee Basin sediment.metal concentra-
tion may be diluted by non-reactive rdck components such as silica»

TABLE 5. MEAN METAL CONGCENTRATIONS (pg/g) IN GENESEE RIVER WATERSHED
SEDIMENT, AVERAGE SHALE COMPOSITION, AND TYPICAL LAKE SEDIMENTS RICH IN
Ca-tg CARBONATES

Genesee River | Lake Sediment rich in

Metal watershed sediment Shale2 Ca-Mg carbonatesb
Iron 15,060 46,700 16,900
Manganese _ 424 850 B 475

Zing 69 95 - 63
Chromiuh 14 90 42

iickel 23 68. 46.
Copper 18 45 34

Lead 40 20.. 21

23

b3

Elemental Ratlos for: Sediment |

+

The atomic ratios Qf maJor and minér nutrients (C, N, P) in natural
waters and sediments indicate the source and nature of nutrlent inputs and
the suitability of a sediment for biological transformatlon as a source of
nutrients for prlmary“productlylty (33),

In the sediments.of the ‘Genesee River .and two of its major tributaries,
Oatka and Canasarega Creeks, the atomic ratios for organlc carbon, total
phosghorus and for minor nutrients (total extractable iron, manganese and
zinc) were determined for two moderate flow perlods. Thé sampling periods
precede and follow the snowmelt runoff during 1976. The atomic ratios for
organic carbon, nitrogen and phosphorus are 54:5:1 and 54:3:1 for bottom
sediments (15 Dec. 75, 15 Mar. 76, averages of 6 and 19 replicate analyses
respectively) 79:9:1 and 53:5:1 for suspended sediment for the same dates
(N=5 and N=10 respectively). For iron, manganese and zinc "the ratios are
278:9:1 and-511:9:1. for bottom sedimepnt (1% Dec.:75, NslO; and 15 Mar 76,

23



N=28 respectively) .333:8:1 dnd '388:9:1 for ‘suspended sediments .(same .dates,
N=4 or N=13 respectively).

The ratit¢s are in agreement for the two sampling periods. ‘This
suggests that :thé ratios which were ‘here determined for the fiver and -
largest streams in the basin, reflect long term trends in -basin develop-
ment and utilization. The Genesee River and Oatka Creek sediments contain
an excess of ‘phosphorus compared to‘a balancéd riutrient input (33).. However,
apparent-exdess phosphorus may not be avattable -for brological uptake ‘becau’se
of its.chemical form.

Orcanic Garbon to Nitrogen Ratio in Sediments"

. Wetzel (34) has suggested, for dissolved constituents in lakes, that a
high ratio of organic carbon and total nitrogen indicates allochthonous input-.
of low nitrogen carbdnaceous material into a watershed.

Genesee River sediments collected on March 15, -1976 showed a C/N ratio
related to the organic carbon content -by the expression

X

C/N =aC + b (1)

where C/N is the organic carbon to nitrogen atomic ratio, C the sediment
organic carbon cohtent in mg/g and a and b are constants. The expression is
based on seven samples from five sampling sites on a 100 mile section of the
river between We'llsville and Avon, N.Y. An eighth sample collected at
Wellsville, N.Y. at the same time did not follow this relationahip and may
have been contaminated by a nearby sewage treatment plant outfall. In the
equation .a.= 1.51 with a standard error of 4.68 and the correla..on co-
efficient for the least squares line was r = 0.59.

Equation .one indicates that the relation between C:N ratio and organic
carcon content of dissolved constituents in lakes may also apply to river
and stream sediments. Scatter associated with the data may be due to inputs
of high nitrogen organic material from municipal. and agricultural wastes and
to nitrogen losses from sediments by denitrification (35, 36). For
compdrison we analyzed sediment-like substances with high and low nitrogen
‘contents, commercial peat (low nitfogen) arfid Milorganite, a high organit
‘nitrogen fertilizer mahufactured from Milwdukee sewage sludge, with waste
pickling liquid added to precipitate phosphateés. The peat had C.= 216.98 mg
‘C/gmand C/N = 108 while the Milorganite had C = 375.91 mg C/gm and C/N = 6.2.
While these llmlﬁlng cases 86 not follow the. relationship -obtained for the,
Gehesee ‘Rivér sedlmehts, they do illustrate the range of C/N valuesg which
mlght be’encountered in areas-of point or non-p01nt source polluticén. The
carbon—nltrogen ratios for these limiting ‘case€s are also ‘well -outside the
range cited by Wetzel (1975). allochthonous organic matter C:N ="5031;
autochthonbus organlc matter C:N-=12.1,

\

Organic Carbon to Phosphorus ‘Ratio in Sé&diments

The sediments from the Genesee River which showed a linear relationship
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between C/N“rafio,apd‘the organic .carhon content of the sediment also show
a linear relationship between sediment organic carbon content and the carbon
to phosphorus atomic ratio. .

¢/P = aC + b : (2)

where C/P is the carbon to phosphorus atomic ratio, C is the organic carbon
content of the sediment in mg/g and a and b are constants. The values for
the constants obtained by a least squares best fit.procedure for the seven
data points were: a = 4.72 with a standard error of 0.39; b.= 2.0 with a
standard error of 1,72 and the correlatron coefficient, r = 0.98. As for
the C:N ratio, -an eighth sediment sample appeared to be contaminated by

- sewage’ and did not follow equatlon 2.

LOCAL VARIATIONS IN_SEDIMENT AND WATER ,COLUMN CONGENTRATIONS

The major sources of fluvial‘ sediment jin-North American streams and.
rivers are: agricultyral runoff, .stream bank erosion and urban runoff. The
annual suspended load of tne,Maumee Riyer, Chio, U.S.A. has been reported to
be largely surficial in origin. Stall (37) reported that most fluv1a1
sedipent. in the U.S.A. originated from agricultural land.

Superimposed upon the sediment constitutents derived from erosion are .
nutrients and metals from point source input.

To jdentify point source inputs to river sediments it is useful to
have an estimate of sediment homogenlety at each sampllng site. For this
purpose, replicate samples were collected at each site. Replicate samples
collected at different locations at.each site were generally in -good
agreement for all parameters. Agreement between.replicates was excellent at
Transit Bridge, at Whiskey Bridge, and at Jones Bridge, Replicate results
for metal concentrations were in satisfactory: agreement at Rochester and,
to a greater extent, at Avon. Nutrient concentrations at each of these two
" sites fluctuated, however, suggesting that wastewater 1nputs to the lower
reach of the river do not distribute uniformly within the sediments.

A pronounced example of the input of wastewater effluents, on fluviai‘
sediment composition is seen at Wellsville, where sediments show large
fluctuations in all metals and nutrients (Flgure 6). Evidently two types of
sediments are present in the channel but gre not mixing to form a uniform
material having some intermediate or average composition. One sedlment
type (samples 49, 51,,53) is characteristic of uncontaminated basin mlneral
sediments, while the other appear to be relatively contaminated by organic
material from domestic wastewater distharges.

Sediment sample 53 was gollected 200 m upstream of the Wellsville
Bridge- sampling site on .a shoal recently. formed in the main channel of the
river. The composition of this sample reflects-uncontaminated river sedi-
ments deposited during the spring .runoff. Samples 50 and 52, obtained at
the bridge in the eastern half of the channel, have the, high organic carbon
concentratians 'characteristic of sediments contaminated by sewage effluents.
The remaining samples, collected in the western ssection of the channel
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(in the vicinity of the bridge) or upstream show little evidence' of -con-
tamination. .

The uncontaminated sediments are characterized by high concentrations
of extractable Al and low -concentrations of heavy metals and nutrients, while
the contaminated ones are low in Al and high in Fe, heavy metals, and nu-
trients. ) ¥

In general, as shown for total analysis (Appendix A 1) -there is littile
evidence of pronouncéd cdntamination of ‘river-bed materials.

As .shown in the total analysis, specific sampling sites such "as.Wells-
ville, N.Y. appear to have ‘some contaminated sediments in the channel. Two
'samples-collected -at. Wellsville oh 13 March ‘1976 (Appendix A 3) which show
elevated total nutrient and metal concentrations are the only samples showing
" signifitant amounts 6f hydroxylamihe hydrochloride extractable lead and
copper. The accumulation:.of these extractable metals in the sediments may.
atise“in an area of active precipitation of manganese from the water column.
This may occur -near a sewage outfall, Elevated sediment manganese values
indicate that sediment oxidation-reduttion’ potentials were not sufficiently
lowered by the presence of organic matter to solubilize the precipitated
hydrods niangahése: oxides in the sediments.

Extraction of amorphous iron oxides by ammonium oxalate-oxalic acid
reagent-ralso shows two samples collected at Wellsville oh March 13 have
elevated levels of Cu and Zn. Indeed the extractable concentratién of Cu
and Zn from -the iron oxides is nearly equal to that obtained by hydroxylanine.
This result suggests that both iron and manganese hydrous oxides are involved
in héavy metal accumulation by sediments. With the exception of sediment
samples apparently contaminated by wastewater discharges at Wellsville, New
York, transportedsediments do not exhibit elevated levels of total or ex-
tractable metals. The phosphorus fractional analysis in large méasure
supports this conclusion ( Appendix 1 B). The apparently contam-
inated sediments at Wellsville have the highest concentrations of NaOH ex-
tractable phosphorus and elevated phosphorus extracted from hydrous oxides.
Thus sediment hydrous oxides are apparently involved in immobilization of
seviage phosphorus inputs. !

A comparison of sediment -extractable major metals (aluminum, iron, and
manganese) and extractable phesphorus shows.‘that each of the metal oxides
may be involved in phosphorus: fixation. The “exact chemical composition of
the phosphorus-hydrous oxide compound “formed under these circumstances is
unknown .- _ - o ¢

Analyses of resuspended sediment samples do not exhibit the Tocal var-
iations seen in bottom sediment analyses. These samples uniformly: exhibit
higher levels of metals and nutrients. than seen in bottom sediment samples.
This is consistent with the higher ispecific surface exhibited by these
-samples., Resuspended sediment élemental concentrations show less variation
over the length of the river than the-bottom sedimerit 'samples. This obser-

vation is true at the Wellsville’ station as Wwell, where a$ noted in the
previous section, bottom sediment composition showed dramatic
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flﬁcatuations.

Total phosphorus. content. of resuspgngéq bottom. sediment is 2 to 3
times greater than that of bottom materials at the same station. Metal con-
tents are also higher by "a .similar factor.

Local variations are also seen in some. water column concentrations,
for example, elevated metal concentrations at Mount Morrisjy.the mid-basin -
station (Appendix 2,C and D). High particulate metal level reflects the
high suspended solids concentration at this site. In addition the data show
a decrease in the downstream particulate metal concentrations suggesting
that the elevated metal levels seen at Moéunt Morfis do not lead to increased
loadings. to Lake Ontario.

Particulate iron concentrations .are significantly higher. than the
measured total water column iron concentration for samples collected at the
same station at the same time (Appendix 2,C and D). This difference arises
because of a bBetter release of particulate iron through a hdt, concentrated
acid digestion, rather than a mild. pH. adjustment.. The improved analysis
of particulate metals brought about by dlgestlon may also hold true for
water column phosphorus which may be associated with iron during transpozt.

For all metals, the total water concentration was calculated as the
sum of the dissolved and particulate concentrations. Cadmium concentrations
were also examined in this study and th¢ dissolved, particulate and total
cohcentrations were at or less than the analytical detection {imit. Results
of the calculation of percent metal carried by the particulate phase in the
Genesee River are in Table 6 . )
Fluctuations in the percent metal carried by the particulate phase reflect
variations in the water column particulate concentration. Indeed, the
highest percent metal carried by susperided sediment and the highest total
watér column metal concentrations do not. occur at. tHe river nwuth.(whe;e
flow is the highest) but at a station 60.miles downgtream from Lake Ontario
-(Mt. Morrig). This station is located belaw a large impoundment and increased
suspended sediment loads may result from.river bed erosion. The next
sampling station, 30 miles closer to Lake Ontarid (Avon), has ‘the same flow
as the Jonés Br. station on the sampling date; however, the water column
total concentrétions and thus the total loads. for bpth zinc and manganese
decrease substantially between the two stations.

The data shown in Table 6 indicate that; for the period examined, here,
the predominant mode of metal transport in the .Genesge River is via the
particulate phase. It appears that the particulate lpad carrjed by a_river,
‘and its associated metal content, are influenged Py factors gther than flow.
In the Genesee Basin for example, sediment downstream from the mouth of-the
river temporarily increases water column total concentrations and loads.
However, the results indicate that this increases sus-
pended sediment load is not stable in the river, settling out. of the water
column well before Rochester. Mid-basin elevated total metal concentrations
tHus do not contribute directly or indirectly to Lake Ontario loading.
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TABLE 6 . PERCENTAGE OF TOTAL METAL CONCENTRATION TRANSPORTED BY PHRTICULAIE-¢-
MATERIAL IN GENESEE RIVER WATER AT SIX SAMPLING STATICHNS, DECEMBER 14, 1975

Station Al Cu Fe Mn Pb Zn
vieIllsville ;-» B3 77 40 —— 30
Transit Br. 79 66 98 58 94 - 60
Portagaville. 96 80 97 73 82 61
Mount Morris 96 84 99 79 82 66
Avdr L - 69.‘ 75 44 78 53
Réchester . 100 40 95 52 77 40

BOTTOM SEDIMENT ANALYTICAL RESULTS COMPARED WITH OTHER PUBLISHED DATA FOR
‘THE GENESEE RIVER

Total Analysis b

Total sediment tontent for a number of elements has been determined
fcr samples obtained from 25 stations throughout the watershed over the
seasons of the year. The ranges were: aluminum, 2,8000 - 11,000 pg/g;
chromium, 10 - 79  Kg/g; copper, 11-41 pg/g; iron, 2,350-26,000 J/g;
manganese, 180-1,035 .ig/g; nickel, 10-87 pg/g; lead, 10-320 pg/g; zinc,
35-210 pg/g; total carbon, 0.31-8.26%; organic carbon, 0.09-5.69%, total-
nitrogen; 0.011-D.63% and “total phosphorus, 0.033-0.096%. Total sediment
concentration ranges can be compared with data obtained by the U.S.E.P.A.
for analysis 6f sediments collected in Lake Ontario at the mouth of the
Genesze River (12 sampling stations) from June 1972 to May 1973 (38). The
'ranges for selected résults from this investigation were: copper, 6-50 ug/g;
manganése, 25- 800 pg/gy nickel, 10-450 pg/g; lead, 5-80 pg/g; zinc, 25-350;
oreanic carbon, 0.10-3%, total- nitrogen, 0.025-0.26%; total phosphorus,
0.01-0.1%. The- agreement between the watershed and lake sediments is
generally satisfactory. Lower wvalues in lake sediments for manganese may
re’'sult from solubilization under reducing conditions. High values for zinc
and nickel in the lake sediments reflect point source inputs adjacent to the
lake. Largér ranges for lead, organic carbon and total nitrogen in the
watefshed setiments probably reflect local point and non-point input sources
of thesée elements. Total phosphorus analytical ranges are quite similaf for
the fluvial and lacustrine sediments. Total sediment phosphorus content
from a sample collected in the Genesee River on October 9, 1973 (8 ) of 825
kg P/g is .consistent with phosphorus result range found in this study.
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Fractional Analvyses

The sediment tontents extracted by selective reagents have been deter-
mined for bottom sediment samples from 25 sfatipns within the watershed
Ranges for phosphorus fractional analysis were: sodium’ Hydroxide extractable
phosphorus, :11-410 pg P/g; hydrochloric acid (following sodium hydroxide) ex-
tractable phosphorus, 187-731 pg P/g; hydroxylamine extractable phésphorus,
6=313 ug P/g; and ammonium oxalate {following hydroxylamine) extractable
phosphorus, 71-405 kg P/g. Values reported for extractable phosphorus from
sediments collected in ‘the Genesee River on October 9, 1973 ( 8) are in
agreement with-the results of this study (sodium hydroxide-extractable phos-
phorus 100 pg P/g and hydrochloric acid extractable (following sodium hydro-
xide and citrate-dithionite-bicarbonate extraction)’ phosphorus 328 pg P/g).

Fractional analysis of sediments from the Rochester Basin of Lake
Ontario show significantly higher minimum extractable phosphorus fractions
than bottom sediments from the Genesee River Watershed. The minimum NaOH
extractable phosphorus content from sediments collected in the watershed was
11 pg P/g (N=30) while the minimum value for sediments collected in the
Rochester Basin of Lake Ontario was 129 pg P/g (N=9). This difference be-
tween- lake and river sediments reflects the general increase found in total
phosphorus content of lake sediments with increasing water depth (39) and
results from transport and deposition of fine-textured materials in low-
energy areas-of lakes. ' Suspended sediment 'in the Genesee River Watershed -
has a higher phosphorus content than bottom sediments indicating that
prosphorus accumulates in the smaller size fraction components of basin
sadiments. Recent research has indicated the 1mportance of phosphorus trans-
port by suspended sediment (40, 41).

Bottom sediment iron and manganese fractional extraction analysis ranges
were: hydroxylamine extractable iron, 33-150 pg/g, hydroxylamine extractable
manganese, 41+385 Rg/g; ammonium oxalate {following hydroxylamine) extract-
able iron, 800-5, 700 pg/d and ammbnium oxalate (following hydroxylamine)
extractable manganese 15-133 pg/g. Thesé results ¢an be compared with the
range of values for 10 lake sediment samples from the central and western
U.S.A. (extractable iron, 3,700-11,800 pg/g; extractable' manganese, 120-660
pg/g (42). For these lake sediments both oxides of iron and manganese were
dissolved with a strong reducing agent, sodium dithionite, and--the ranges
were slightly higher than the results for the Genesee River Watershed sedi-
ments. Higher lake sediment extractable metal values than those for Genesee
River Watershed sediments are due to differences in sample types and analy-
tical procedure. A comparison-of manganese extraction from stream sediments
using two different methods, a dithionite procedure and a hydroxylamine pro-
cedure, showed that the dithionite extracts 10% to 20% more of the total
manganese present in a sediment (43).

PHOSPHORUS IN THE GENESEE WATERSHED
Understanding the .fate of phosphorus in a watershed is critical to the

development of strategies to cope effectively with eutophication (44). Sedi-
ment~bound phosphorus is contributed by sewage; eroded soil, .plant material,
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and urban runoff. These solids are transported as suspended sediment and as
bedload. Transport of phosphorus associated with larger particle size sedi- .
ment occurs only during periods of high river discharge. Soluble.phosphorus
entering a watershed ;in Tunoff or wastewatery on the other hand, is
apparently sorbed on suspended-particles and/or reacts with other water col-
umn constitutents to form insoluble ‘substances which are transported by water
and eventually.deposited in fine grained 'sediment. In lakes, soluble phos-
phorus is typically converted to biomass, recycled through the water coltmn,
and eventually deposited in_bottom sediments. Establishment of realistic and
successful strategies for controlllng phosphorus inputs to the North American
Creat Lakées requires that periods of intense hydrological .activity in a basin
bz carefully. studied and chaxgcterized.

Chemical reactions influencing phosphate dis-
tribution in the Genesee River were .identified using three separate tech-
niques: (l) as discussed in previous sections sediment samples collected
during synoptic surveys were analyzed using a variety of selective phoshorus
extraction procedures to differentiate the physical and chemical state of
sediment phosphorus; (2) water column chemical concentrations from samples
obtained concurrently with the sediment samples were used to calculate
equilibria for the determination of ion activity products of several mineral
phases which may remove phosphorus from the water column; and (3) a crystall-
ization procedure with seeding was used to monitor the distribution of in-
organic phosphate between solution and solid phases during calcite precipi-
tation in simulated natural water,

Prospherus Distribution

The major sediment phosphorus fraction is that extracted by hydrochloric
acid« This .extraction, which is preceded by a sodium hydroxide extraction,
yields occluded phosphorus incorporated in hydrous metal oxides, carbonate
and ,phosphate minerals. Phosphorus extracted from sediments by NaCH has been
related to surface-exchangeable or bioavailable phosphorus (19) (Table 7).

Ammonium oxalate-oxalic acid solution extracts somewhat less phosphorus
than, hydrochlorlc acid, while sodium hydroxide as'well .as hydroxylamine re-
agents extract much less. Hydrous oxides of iron and aluminum are extracted
by the oxalate reagent. An extraction procedure which specifically removes
hydrous _manganese oxides (hydroxylamlne hydrochloride plus nitric acid) pre-
ceded the oxalate extraction. Total extractable sedimentf phasphorus in-
cludes the organic sediment phosphorys in addition to the inorganic portions
determined by the selective extraction analyses.

The absolute amounts and classes are related to the sediment parurcle
size and surface area (M. Reddy, unpubllshed ‘data). The variation in total
extractable sediment phosphorus concentration among the three sediment types
is shown in Table 7 is clear A statistical analysis of these data shows that
both the suspended sediment and particulate total phosphorus concentrations
‘are greater than the bottom sediment value at the 99% confidence level.
Phosphorus content increases in tre sequencej bottom sediment, suspended sed-

lIE‘J.err}f{-éi’c:eargjrepaa otflgc%leats%dnﬁx%%cl }fv*t. v ryr.e %anEh% 1sjhtl}1 the '*sujl'%cs 4541t g Qi race

30



1€

TABLE 7. STATISTICS FOR 'PHOSPHORUS ANALYSES FOR :SEVERAL SEDIMENT TYPES COLLECTED IN THE
GENESEE RIVER WATERSHED, NEW YORK, (ua/q)

Sample X Range a cv N
Bottom Sediment
Total Analysis 560 330 - 980 140 0.25 99
NaOH Extractable 58 5 - 410 62 1.07 98
HCl Extractable 398 177 - 731 99 0.25 98
NHon_Extractablé 74 6 - 313 63 0.86 98
(NH4) ,C50,4 Extractable 184 49 - 453 93 0.50 83
Suspended Sediment
Total Analysis 770 390 - 2020 360 0.46 46
NaOH Extractable 163" 19 - 1000 232 1.43 17
HCl Extractable 528 258 - 664 109 0.21 17
NH20H Extractable 70 3 - 385 102 1.46 17
(NH4)2C§Q4 Extractable 474 119 - 1110 222 0.47 17
Particulate Analysis
Total Analysis 910 400 - 3Q00 640 0.70 6}




area’ sediment components may adsorb phosphorus-containing substances from
the water column, increasing their phosphorus content; other possible ex-
planations include dilution of bottom sediment by inert material such as
sand.

Phosphorus Transpoxrt

Sediments are recognized as a major transport medium for phosphorus to
the North American Great Lakes. Phosphorus trangport in watersheds such -as
the Genesee occurs.in large part during rainfall and snowmelt discharge
events. The transport of elements from a watershed can be expresses as unit
load. This quantity is defined as the amount of material carriéd by a river
at a given point divided by the area drained by the river above that point.
For the synoptic studies described here the unit loads are expréssed as grams
of phosphorus per second per acre (Figure 7). -The major component of the
phosphorus load transported by the Genesee River during the two sampling
periods discussed here (December 14, 1975 and March 13, 1976) is that
associated with the suspended sediment. 'Dissolved phosphorus in the water
column during these periods was typically less than half of the total water
column concentration.

Unit loads varied widely (Figure 7). A flood control impoundment,
located just upstream of the Mount Morris sampling station markedly in-
fluences the Genesee River discharge and suspended sediment concentratiqns
at the downstream stations. Three sampling stations upstream of the Mount
Morris impoundment (Wellsville, Transit Br., and Portageville) show a smooth
and systematic increase in the phesphorus unit load going downstream. In
contrast, unit loads at the mid-basin sites show much larger absolute values
and fluctuations than the other stations. These stations exhibit large var-
iations in discharge and therefore in suspended sediment concentrations. ~

Eguilibrium Calculation of Mineral Saturation in the Genesee River

The importance of heterogeneous equilibria in regulating dissolved in-
organic phosphorus concentrations in the Genesee River was examined by cal-
culating the ion. activity products of several mineral phases using the
WATEQF (45) chemical model and/or mass action and mass balance equations with
a small laboratory computer. During high discharge periods in December and
March there is extensive undersaturation in the water column with respect to
calcium carbonate and phosphate phases, -while during August 1976, a relative-
ly lower flow period, the first four downstream sampling stations in the
Genesee showed saturation ox supersaturatlon with respect to calcite (Figure
8). ThUS during the summer it appears that in the lower reach of the Genesee
River, sediment surface calcium carbonate is stable.

Saturation levels for the stable calcium phosphate mineral, hydroxya-
patite are 1010 below the equilibrium values for the Genesee River stations
during the high flow sampling, periods of December and March.. Fertilizer
applied to calcareous soils produces minerals such as hydroxyapatite (46).
When such soils are eroded, and subsequently carried to the Genesee River,
this mineral phase will be in a markedly subsaturated solution and will tend
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to dissolve releasing inorganic phosphate ion to the water column. Release
of phosphorus from agriculturally derived soils and sediments during high
discharge periods may be counteracted by runoff dilution. Data reported by
the U.S.G.S. for the St. Lawrence and Lake Ontario basins, for the period
considered here shows phasphorus concentration in rainwater to be 0.010 mg
P/1 (47). This concentration is much less than the soil wateg -phosphorus
toncentration. Base flow Genesee River dissolved inorganic phosphorus con-
centrations are 0.004 mg P/1, while peak flow values are approx1mately 0.011
mg P/1. Since recent evidence (48) indicates that less than 25% of Tain
water phosphorus is dissolved inorganic phosphorus, these results support
the $uggestion that some form of solid dissolutiorr is involved in the regula-
tion of the water column phosphorus concentration. During summer low flow -
periods calcium carbonate in sediments may serve as a sink for dlssolved
pbosphorus. .
Dissolved metals other than calcium have a minor effect on the distri-
bution of phosphorus between the water column and sediment in this fluvial
system. The two principal metals of interest, iron and aluminum, are present
in Genesee River water almost entirely in the-particulate phase (49). Dis-
solved concentrations are below the detectidén limit
(less than 50 ug/l). Iron and aluminum minimum detectable concentrations
vwere used to estimate thesaturation levels of the corresponding phosphate
minerals, Both iron and aluminum phosphate minerals are substantially below
saturation levels.- The -solid.-surfaces exhibited by iron and alumlnum hydrous
oxides (as partlculate material in the water column) undoubtedly serve as
sites for phosphorus adsorption and 1ncorporatlon in the fluvial system.
Data presented for the oxalate extraction procedure in Table 7 demonstrate
the importance of phosphorus binding by hydrous metal oxides.

Nriagu (50) has proposed that basic metal phosphates are important sinks
for heavy metals in the enviromment. In most natural waters of New York
State dissolved basic metal’s including Pb, Cu, and Zn are at .low concentra-
tions (below 10 ug/l), and therefore these metal's would not be expected to
be a major factor governing phosphorus distribution.

Prosphete Distribution During Calcite Crvstallization

The crystallization rate data illustrated in Figure 9 follow a rate
equation
dN / dt = -ksN? (1)
where N is calcium carbonate (in mol/l) at time t to be precipitated from
solution before equilibrium is attained; k is the crystal growth rate con-
stant; and s is the seed crystal concentratlon, which is proportional to the

surface area available for growth. Examination of calcite’ growth rate data
is fa0111tated by presentation in the integrated form of Equation 1

N-l - Nyl = keset {2)

where No is calcium carbonate to be precipitated from the supersaturated
solution at zero time. The linear plot of N-1 - NO.l as a function of time
(Figure 10) confirms the validity of Eq. 2 for the interpretation of the
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experimental results. The inhibition of crystalllzatlon by phoephate is s
marked (Figure 11) and appears to be due to simple adsorption of the ions at
growth sites on the crystal surface. This is demonstrated by plotting the
rate constants, in the presence and absence of phosphate, in a form corres-
ponding to a simple Langmuir-type adsorption (51)

ko / (kg = k) =1 + ko / k] * phosphate (3)

where ko is the crystal growth rate constant in the absence of phosphate ion
and k1 and ko are the adsorption and desorptlon rate constants for these
ions, respectively. In Figure 12, ko / (k k) is plotted agairst the.
reciprocal of the phosphate concentration. The linear relation with an
intercept of unity indicates that the Langmuir isotherm satisfactorily
describas the marked inhibitory effect of phosphate in terms of a mono-
molecular blocking layer of these ions at the growth sites on the crystal
surface. There is not evidence for the formation of a second phase-on the
surface of the calcite seed even though these solutions are supersaturated
with respect to the thermodynamically stable calcium phosphate phase,
hydroxyapatite. This can be clearly seen in Figure 13 which shqws solution
phosphate concentration during a’ series of calcite crystallization expegl—
ments. In experiments with .low phosphate concentrations (less than 10 )s
extended reaction times (1 day) yie€lded significant reductions in solution
phase phosplate concentration (10 to.20% removal). Thesé long-term phos-
phate changes ‘showed little systematic behav1or and may be related to the’
surface nucleation of solid calcium phosphate

i

Conclusions Relative to Phosphate Distribution in Alkaline Natural Waters
i

Selective extractions, chemical equilibrium calculations, and
crystallization measurements presented here suggést that the hydrous iron
oxides, even in the carbonate-dominated Genesee River, play a major part
in inorganic phosphorus transport by sediments in the fluvial system.
Saturation levels of 'inorganic phosphate and calcium carbonate minerals
in the Genesee River indicate that phosphate mineral dissolution, and not
precipitation, may be the predominant heterogeneous reaction durlng periods
of high discharge. Elevated discharge and sediment transport odcur
primarily in March through May. Phosphate mineral dissolution occurring
during fluvial transport then has an immediate impact on Lgke Ontario.
‘Dissolution of phosphorus-containing minerals transforms sediment phosphorus
from a biologically unavailable form to a form that is readily incorporated
by microorganisms in the lake. Evidence of the relationship between lake
water phosphorus contents and algal productivity is the correlation of
spring phosphorus vdlues with,ﬁpmmez chlgrophyLl.coggentrations (52).

In the lower reaches of the Genesee River, the results of the
extractions suggest that substances other than hydrous oxides are phosphorus
sinks. This is evident where the amount of sediment phosphorus extracted
by hydrochloric acid steadily increases downriver, while the oxalate-
extractable phosphorus remains relatively.constant. Schwertmann (6)
emphasized that the results of such procedures are best considered as a
measure of .an element's reactivity in a sediment under carefully controlled
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conditions. Laboratory experiments (Figure 13) show that phosphorus uptake
by calcium carbonate, under simulated natural conditions, proceeds slowly.
Tne large hydrochloric acid- extractable component observed &t Rochester may
arise from slow uptake and subsequent mineralization of dissolved inorganic
phosphorus by carbonate minerals.

From the selective extraction analysis of sediment, chemical equili-
brium calculations, and seeded crystallization measurements; several con-
clusions can be reached concerriing the behavior of phosphate in alkaline
surface waters. ‘

(1) Inorganic phosphorus in bottom sediment -appears to reside
le arily in association with dur face hydrdus oxide coatings of sediments.
iydrous metal oxides, in particular those of iron, transported as suspended
sediment may scavenge phosphate from the water column in a fluvial system.

(2) Inorganic phosphorus incorporated with easily reducible hydrous
manganese oxides is typically less than that found for the hydrous oxides
c¢i iron and- aluminum,

(3) A fraction of the sediment-bound phosphorus exists in a form which
is not extracted with the hydrous metal oxides, but is removed by treatment
with dilute hydrochlorlc acid. This suggests the occurrence of phosphorus’
in carbonate minerals and/or the occurrence of phosphate mlnerals.

(4) Phosphorus transpert in the Genesee River, expressed as
nstantaneous unit load of total water column phosphorus, shows moderate
greenent for the stations reported here, with the exception of two mid-
tzsin sites. These locations exhibit discharge dependent botton. sediment
remobilization which leads .to inappropriately high unit loading.

LA IR & B § l'

(5) During high discharge, many areas of the Genesee basin are
subsaturated with respect to calcite, while during summer baseflow periods
calcite saturation or supersaturation is widespread. Under these conditions
calcite could mediate phosphorus mineral formation.

(6) A detailed examination of phospHate distribution between solution
and solid phase during calcite crystallization in a simulated natural water
shcews that phosphorus adsorbs as a monolayer, causing slight changes in the
solution phosphorus concentration. It appears that under the conditions
examined in this study, calcite-mediated phosphorus mineralization has a
role in thé movement of phosphorus ‘from the water column to sediments,
although. the extent and rates of the process in natural systems remain to
be determined.

Differences in river basin morphology., soil characteristics, pre-
cipitation, and land-use in a watershed influence phosphorus transport in a
fluvial system. However, the dominance of iron oxides as an inorganic
phosphate sink, and the dlscharge—depepdent behavior of calcium carbonate-
phosphate minerals would be expected to exist ih other calcareous agricul-
tural regions of New York State as well. Mountainous terrain and areas of
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sand and muck soil would probably not exhibit the same behavior. It would
seem that the results of this study could also apply to other agricultural
watersheds adjacent to the North American Great Lakes.
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SECTION 5

CONCLUSIONS

Metal and nutrient concentrations in the Genesee were typical for
a non-polluted environment except for a moderate enrichment of phosphorus
and ‘a slight enrichment of lead. The phosphorus enrichment in the sediment
arises both from agricultural activities and agricultural and municipal
wastes., Lead enrichment, in the predominantly non-urban setting, may be due
to a diffuse atmospheric input.

GENESEE RIVER WATERSHED SEDIMENT COMPOSITION

Sediment Phosphorus

Enrichment of Genesee River watershed sediments with phosphorus is
attributable to man's activities in the basin. The major components of the
culturally derived phosphorus enriched sediment are: eroded fertilized
agricultural soils and, agricultural and domestic wastes. Wastes contain
both soluble and particulate phosphorus. Dissolved phosphorus in a stream
or river may adsorb reversibly to suspended sediment. Adsorbed =ediment
phosphorus is highly bioavailable, but if it is not utilized it will event-
ually transform to a non-reactive, non-bioavailable phosphorus containing
mineral. A large percentage of the annual phosphorus load delivered to Lake
Ontario by the Genesee River is transported as eroded soil and river bank
material. Phosphorus is also apparently sorbed, either directly or through
biological processes, to suspended particles which are -transported by water
and deposited eventually in areas of active sedimentation. Chemical equi-
librium calculations performed in this laboratory indicate that a significant
driving force exists for the formation of an epitaxial calcium phosphate
mineral (hydroxyapatite)on carbonate minerals transported in the Genesee
River watershed sediments during summer months.

Sediment Phosphorus - Organic Carbon Relationship

Sediments with high organic carbon content in the Genesee River
probably arise principally from inputs of low phosphorus allochthonous
‘carbonaceous material to the river. Excellent agreement between the data
points and the best fit line for the C/P vs C relation may result from the
conservative nature of phosphorus in natural waters and sediments (41).

Sediment Lead and Other Metals

The elevated lead concentrations in the Genesee Watershed sediments
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may be due to atmospheric inputs of lead transported from .the highly
industrialized midwestern United States. Point-source inputs of ledd in the
predominantly forested and agricultural basin are probably negligible.

Durum and co-workers (54) have shown .that in high-alkalinity syrface waters,
lead solubility will be low, and mast of the rainfall and dustfall lead will
be transferred to river sediments, where it will tend to accumulate. Water
in the Genesee River watershed typically has moderate to high alkalinity.

Until more Tesults from concurrent studies in the Great Lakes Basin
become available, the magnitude of cultural metal input into the Genesee
watershed sediments can be evaluated by tomparlng them with sediments in
four tributaries of Chesapeake-Bay: the Elizabeth, Delaware, Potomac, and
James rivers (55). The Elizabeth River supports a highly industrialized
port facility. The others are less intensively developed: The Delaware
is an industrial tidal system, the Potomac an estuary with mainly municipal
inputs, and the James a relatively llght municipal and industrial input
system.

Mean sediment concentrations of three metals for the Genesee River
watershed are lower by at least a factor of 2 than the 'Chésapeake Bay
tributary sediments (Table 8). This and the comparably lower ranges suggest
that predominantly agricultural and forested watershedd, such as that of
the Genesee River, yield smaller concentrations of sediment metals than the
more industrialized basins of the eastern seacoast. Sediment Yead concen-
tration, an exception to this general trend, may reflect a loading in the
Genesee watershed not present in the.James and Potomac rivers. This

interpretation is consistent with the observation by Durum and ‘Hem (56)
that lead. was found most often in waters of the northeastern and south-
eastern United States. . In addition, Lazarus and co-workers (57) re-

ported that the highest rates of lead fallout occurred in the same area.
Lower zinc concentrations in Genesee sediments may reflect fewer commercial
sources of this metal in the Genesee watershed than in bgsins adjacent to
Chesapeake Bay.
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TABLE 8. METAL OONCENTRATIONS IN SEDIMENTS FROM THE GENESEE RIVER WATERSHED- AND FOUR TRIBUTARIES TO
CHESAPEAKE BAY o . _ .
Chesapeake Bay tributary? N

Genesee Elizabeth Delaware Potomac James
Metal River River River River .River

Mean Range Mean Rarige Mean ‘Range Mean Range ‘Meari Range
Copper 18 8-41 65 2-393 73 4-201 * - 10-60 * *®
Lead 40 6-550 91 3-382 145 26-850 * 20-100 27 . 4-55
Zinc 69  15-210 379  38-2,380 137  523-1,364 ¥  125-1,000 131  10=708
Chromium 14 10-79 a4 9-110 58 8-172 * 20-86. * *

o
.,

8 Reference 57

¥Data not available
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APPENDIXES
Analytical Results for Sediment Samples from the Genesee River.
Analytibai Results for Water Column Samples from the Genesee River.
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Appendix 1.

Analytical Results for Sediment Sample’s f&om-the Genesee River

A.

-

Concentrations of Metals (pg/g) and Nutrients (¥) in Bottom
Sediment from the Genesee River, 13 March 1976. Replicate
Samples.

Concentrations of Extractable Phosphorus (%) in Bottom
Sediment from the Genesee River, 13 March 1976. Replicate
Samples.

Concentrations of Extractable Metals (pg/g) in'Bottom
Sediment from the Genesee River, 13 March 1976.

Concentrations of Metals (pg/g) and Nutrients (%) in Fine

Material Washed from Bottom Sediment in the Genesee River,’
13 March and 14 July 1976.
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Appendix, 1, A.

REPLICATE SAMPLES

CONCENTRATIONS OF METALS (pg/g) AND NUTRIENTS (%) IN BOTTOM SEDIMENTS FROM THE GENESEE
RIVER, _13_MARCH 1976,

not determined

e e ———— e mm———emeE———— | ..,
Station : _ Metals . _ _ . Nutrients

Al Cu Cr Fe Mn Ni Pb ‘ Zn Total C Organic C Total N P
Wellsville 8,250 10 10 ¥7,000 530 16 20 ‘41  0.49 0.49 * 0.035 0.043
Wellsville 1,550 27 20 30,500 1,300¢ 30 60 ' 94 1.62 1.48° 0.132 0,082
Wellsville 7,250 9 10 16,000 43@: 14 25 3 0.39 :0.31 0.017 0.045
Wellsville 1,800 28 20 36,500 1,300 32 60 100 2,33 2,20 0.170 0.095
Wellsville 7,100 8 " 10 15,000 470 13 20 33 0.41 0.29 0.028 0.044
Transit Br. 7,250 12 10 17,000 38 13 15 40  0.44 0.35 0.033 0.049
Transit Br. 6,200 10 10 14,000 310 10 15 30 0.49 0.28 0,022 0.046
Portageville 5,750 10 10 14,000 280 10 10 32 0.43 0.15 0.012 0.044
Portageville 5,950 10 10 14,000 290 14 10 29 0.46 0.16 0.014 0.035
Portageville 6,550 12 10 15,000 380 15 10 33 0.67 0.34 0.028 0.045
Mount Morris 7,000 14 10 15,500 325 17 10 34 0.60 0.34 0.024 0.046
Mount Morris 7,775 16 10 17,000 430 19 10 4  0.64 0.44 0.037 0.050
"Avon - 6,700 11 ILT 10 14,000 275 13 10 31 0.63 0.42 0.019 0.048
Avon £ 17,200 17 10 17;000 '380 17 2ND ND . 1.32 0.81 0.054 0.051
Avon 7,150 14 10 16,500 375 17 20 40  0.84 0.54 0.297 0.054
Rochester 4,000 9 LT 10 11,500 175 9745 T28  0.35 0.11 ,.<0.01  0.069
Rochester - 3,900: 8 LT 10 11,500 - 150- "10 30 23 0.35 0.14 <0.01 0.049
ILT = less than " - |
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- - Appendlx -1-B.. CONCENTRATIONS.OF EXTRACTABLE PHOSPHORUS (¥) IN BOTTOM SEDIMENT FROM THE
GENESEE RIVER, 13 MARCH -1976. REPLICATE SAMPLES

1
3

13

EEEE wt R

Station

Wellsville
Wellsvilld
well'sville
Wellsville

o v ¥
Wellsville

Transit Br..
‘Transit Br,*
Rortagevillé

. Portageville

Portageville
Yount Morris

" N
Mount Morris
P

Avon
AQon
Avon
Rochester:

Rochester

A

Extraction Reagent

LS

X NaOH

- HCl, NHo0H (NH4)2C204
0.009 0.019 0.0067 0.0217
0.019. 0.036 0.0134 0.0414
0.008 0.028:" 0.0048 _ 0.0173
0.028 0.032 .  '0.0122 '0:0453
0.006 0.024 0.0055 0.0154
0.005 0.028 0.0098 0.0164

0.004 0.032, 0.0072 0.0122
0.003 0.631  0.0147 0.0096
0.003 0.027 0.0066 0.0094.
0.003 0.032 0.0098 0.0126 -
0.002 0.034 0.0149 0.0139
0.004 -  0.034 0.0176 0.0139
> 0.003 .  0.033 0.0151 0.0107
0.006 0.036 0.0061 0.0193
0.004 0.037 0.0145 0.0149
0.004 0.047 0.0037 0.0113
0.045 0.0050 0.0099

'0.003

Total Available-

Q.0427

000816 1

0.0450
0.0952
0.0442
0.0491
0.0460
0.0444

0.0354
0.0453
0.0463

. 0.0496

. 0.0479
0.0507
0.0539
0.0690
0.0493
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Appendix 1 C. OONCENTRATIONS OF EXTRACTABLE METALS (pg/q) ‘IN BOTTOM SEDIMENT FROM THE GENESEE RIVER,
13 March 1976. REPLICATE SAMPLES

Station

WelIsville
Wellsville
Wellsville
Wellsville
Wellsville
Transit Br.
Transit Br.
Portageville
Portageville
Portageville
Motirit Morris
Mount Morris
Avon

ﬁvoh

Avon
Rochester

Rochester

r

Hydroxylamine Extraction

‘Oxalate Extraction

AL Cu Cr Fe Mn  Pb Al Cu °Cr Fe Mn Pb
"350 lrT1 LT1 -318 153 LT 10 760 4 LT 1 1850 125 LT 10
820 T 3 [T1 1225 310 16 1200 15 LTI 3075 188 ~~ 8
135 1 LT1 218 775 LT10 630 9 LT1 2100 83 LT 10
020 LT1 LT1 "1550 ' 248 20 1900 11 LT 1 3050 193 14
455 LT1 LT1 203 725 LT 10 45 2 LTY 1275 85 LT 10
33 LT1 LT,1 215 208 LT 10 570 4 LT 1 3000 68 LT'I0
205 LT1 LT1 223 183 LT10 43 3 LT1 2075 53 LT 10
145 LT1 LT1 210 158 LT 10 390 3 LT1 1950 40 LT 10
210 LT1 LT1 195 163 LT 10 3755 3 LTl 1575 40 LT {0o
200 LT1 LT1 223 213 LT10 510 4 LT 1 1675 63 LT 10
335 LT1 LT1 298 148 LT 10 55 5 LT 1 2150 65 LT1D
490 LT1 LT1 415 240 LT 10 570 6 LT 1 2375 73 LT 10
22 LT1 LT1 318 120 LT 10 390 4 LT1 1600 50 LT 10
220 LT1 LT1 305 180 2ND 765 9 3 2125 65 58
‘285 LT )Y LT1 370 143 LT 10 50 6 LT 1 1675 80 LT 10
110 LT1 LT1 268 58 17 615 3 3 4600 48_ LT 10

LT50 LT1 LT1 213 53 8 555 4 2 3675 40 LT

10

T - .
lLT = less than
= not determined

2ND
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APPENDIX L' D. OONCENTRATIONS OF METALS (ug/g) AND -NUTRIENTS (%) IN FINE MATERIAL WASHED FROM BOTTOM

~ SEDIMENT IN THE GENESEE RIVER, I3 MARCH AND i4 JULY 19%6

Station Metals ' _ Nutrients-
A° CiCr TFe "M Ni Pb 2Zn  Total C. Organic C Total N B

March 13, 1976 S o g
Wellsville I ND ND ND ND ND ND ND 2,548 * 2,150 -~ 0.386 ND
Transit Br. 27,000. 33 30 46,000 13100° 50 80- 130 1.337 1.054 0.181  0.0895
Portagéville 26,000 26 30 45,000 13050° 48 45" 130 1.740 1.383 '0.20l. 0.0704
July, 1976 | : | | |

 Wellsvillé 26,500 100 30 58,000. 1,800 44 110 225 N ND ND . 0.1420
Wellsville 25,000 110 ‘30 44,000 1,800 42 170 270 3.47 3.21 0.37 0..1030
Transit Br. - 23,500 77 30 51,500 1,550 40 80 210 1.50 1:14 0.17  0.0726
Portageville 25,000 100 35 48,500 1,350 49 45 185 2.20 1.60 0.26  0.0645.
Mount Mérris ND  ND ND ND . ND ND ND ND 2.54 1,28 0.20 ND
Avén 24,000 70 30 45,000 720 46 .90 ‘190 1.87 1.37 0.23  0.0705

Rochester - 23,000 130 30 38,000 1,100 50 340 44 3.43 1.82 0.21 -0.0882

NS

1 Nd = not determined : -



Appendix 2.

Analytical Results for Water Column Samples from the Genesee
River. : .

A.

B.

€.

Total Metal Concentrations (mg/1) in the Genesee River,
14 December 1975. ‘Samples Preconcentrated by Evaporation.

Dissolved Heavy Metal Concentrations (pg/l) in the Genesee
River, 14 December 1975 and 13 March 1976 (Duplicate
Analyses) Determined by Differential Pulse Anodic Stripping
Voltammetxry.

3
Total and Dissolved Concentrations of Iron and Manganese -
(mg/l) in the Genesee River, 13 March 1976. Duplicate

Analyses.

Particulate Metal Concentrations (mg/1) in the Genesee
River, 13 Mar¢h 1976. Duplicate Analyses.

A2
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APPENDIX 2 A, TOTAL METAL- CONCENTRATIONS (mg/1) IN THE GENESEE RIVER, 14 DEGCEMBER 197%. SAMPLES
PRECONCENTRATED BY EVAPORATION . _

Station Cr _cu Fe Pb Mn Zn Al Ng
Wellsville LT 0.01 LT 0.005  0.36 0.01  :0:098  0.001'  0.17" LT 0.005
Transit Br. - LT o.01 0.005 3.3 0.01 . 0.08 0.0l 1. 0.005
Portageville LT.0.01 0.007 3.2 0.01 0.Q7 0.02 2.3 0.01
Mount Morris © LTO0.00 - 0.009" 6.1 0.02  0.17 0.27 2.7 0,013
Avon : LT 0.01 0.006 3.3 0.02  0.07  0.015 1.5 0.01
Rochester LT 0.01  ~  0.006 1.9 0,02 . 0.06 0.015 0.8 0.01

1

LT .= less than
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APPENDIX 2 B,. DISSOLVED HEAVY METAL CONCENTRATIONS (pg/l) IN THE GENESEE RIVER,
14 DECEMBER 1975 AND 13 MARCH 1976 (DUPLICATE ANALYSES) DETERMINED
BY DIFFERENTIAL PULSE ANODIC STRIPPING VOLTAMMETRY

Station Pb Cd . Cu_ __Zn

December 14, 1975

Wellsville 0.78 0.49 1,0 10.5
Transit Br. 0.35 11T 0.1 1.8 8.5
Portageville 1.1 0.26 l.4 10.8
Mount Morris 1.05 0.3 l.4 11.9
Avon 1.38 0.37 1.5 9.7
Rochestex{ 1.5 0.36 6.1 16.4
March 13, 1976

Wellsville 0. 0.3 LT 0.1 2ND ND

Wellsville 10.2 ND ND ND

Transit Br. 0.3 ND ND ND

Transit Br. LT 0.l ND ND ND

Portageville 1.5 LT 0.1 ND ND

Portageville 0.3 0.2 ND ND

Mount Morris LT 0.1 LT 0.1 ND ND

Mount Morris LT 0.1 LT 0.1 ND ND

Avon 14.8 0.3 ND ND

Avon 1.3 0.3 ND ND

Rochester LT 0.l LT 0.1 ND ND

Rochester 0.7 LT 0.1 ND. ND

lL'I‘ = less than

2ND = not determined
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APPENDIX 2 C, TOTAL AND DISSOLVED ‘CONCENTRATIONS (mg/1) OF IRON_AND MANGANESE IN
THE GENESEE RIVER .13 MARCH 1976. .DUPLICATE .ANALYSES..

Station

Werlséiblé
Wellsville
Transit Br.
Transit Br.
Portageville
Portageville
Mount” Morris
Mount Morris
Avon‘

Avon
Rochester

Rochester

Fe Mn
0.14 0.03
0.14 0.04
0.23 0.04
0.24 0.04
0.29 0.03
0.37 0.04
1.50 0.17
0.76 0.14
1.00 0.10
0.71 0,09
0.70 0.08
INp ND

Dissclved . -
Fe Mn
0.09 0.03
0.08 0:04
0.05 " 0.02
0.05 0.02
0.05 0.02
0.05 0.02
0.06 2LT 0.02
0.05 LT 0.02
0.12 0.02
0.08 LT 0.02
0.06 LT 0.02
0.10 LT 0.02

AND = -not-~determined -

2LT = less than~

-
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"~ STATION

Wellsville
Wellsville
Transit Br.
Transit Br.
Portageville
Portageville
Mount Morris
Mount Morris
Avon

Avon
Rochester

Rochester

+ APPENDIX 2 D. PARTICULATE METAL CONCENTRATIONS (mg/l) IN THE GENESEE RIVER 13 MARCH 1976.
__DUPLICATE ANALYSES .

Il

Al Cu Cr Fe Mn Ni Pb Zn
0.13 0.001 LT 0.003 0.17 0.005 11T 0.001 LT 0.003 0.002
0.11 0.001 LT 0.003 0.15 0.004 LT 0.00} LT b,003 0.003
0.58 0.001 LT 0.003 1.10 0.20 0.001 0.003 0.007
0.70 0.001 LT 0,003 1.23 0.21 0.001 0,003 0.006
0.73 0.002 0.003 1.65 0.025 0.003 0.005 0.007
1.03 0.002 0.003 1.68 0.028 0.003 0.003 0.009
5.75 0.007 0.008 11,00 0.185 0.013 0.010 0.033
5.75 0.008 0.010 11.50 0.195 0.013 0.010 0.035
3.00 0.003 0.005 4.50 0.075 0.007 0.003 0.018
3.00 0.005 0.005 5.50 0.073 0.007 0.008 0.023
2.25 0.004 0.008 4.50 0.070 0.006 0.005 0.018
2.75 0.005 0.005 4.53 0.068 0.007 0.007 0.017

LT = less than



Appendix 3. Illustrations of Sediment Sampling Procedures and .Equipmerts

A.

‘Be

C.

D.

A mid-stream collection site.

Fiéld wet-sieving of three different bottom sedimerit
samples.

A kinar-coated Ekman bottom sediment sampler.

Equipment used for pressure filtration of water column
samples during collection of particulate material.
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A 3b



A 3c
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Appendix 4. Illustrations of Selected Sediment Sampling Sites in the
Genesee River Watershed.

A. Canasaraga Creek at Shakers Crossing.

B. Oatka Creek at Garbutt, NY.

C. Stony Brook Creek at Stony Brook State Park.
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A 4b
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