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CHAPTER 1

INTRODUCTION

Microorganisms growing on the media surface in fixed-film
biological treatment processes may be seriously inhibited by the
toxicity of heavy metals. Domestic wvastewater and especially industrial
vastewater contain various kinds of metal compounds. These compounds
may cause changes in the cell metabolism of microorganisms which could
result in a perturbation of the biological treatment processes. The
extent of the disturbance in treatment processes depends on the
quantity and species of the metal compounds. A small amount of a metal
compound usually does not interfere with the treatment processes but
allows the microorganisms to acclimate to the toxicity. High
concentrations of metal compounds can cause a rapid deterioration in
the fixed-film thickness and diversity up to death of the entire fixed
film. The toxic effect of metal‘compounds also depends on the organic
loading rate. Bagby and Sherrard (1981) documented that bacteria and
other microorganisms had more tolerance to the toxic effects of metal
compounds under high organic loading conditions than at low loading
conditions because the large microbial population and abundance of
substrate materials decrease the harmful effects of the toxic compound
on the treatment systenm.

The presence of metallic waste in the influent to a wastewater



treatment plant can have an important effect on the treatment

efficiency of organic pollutants by the biological treatment processes.

Lewandowski (1987) considered microorganism respiration rate to be
closely connected with the substrate conversion rate. He documented
that toxicity of metallic waste adversely affected microorganism
respiration, causing reduction of growth rate and changes in the
composition of the microbial population.

Excessive concentrations of chromium and copper in the soluble
form are toxic to enzyme and bacterial systems. The toxicity of
hexavalent chromium and copper, as copper sulfate, can change the
metabolism of the enzymes in microorganisms and slow down the
mechanisms of BOD removal. The objectives of this study were to
investigate how long it takes a biological tower to recover from the
inhibitory effects of copper and chromium in terms of the overall
tower performance based on soluble five-day BOD under slug dose (short
term) conditions except for one continuous (long term) addition of
copper, and examine the fate of copper and chromium in a biological

tover system by using domestic wvastevater.

o



CHAPTER I1I

" BACKGROUND ANDTLITERATURE REVIEW

An e#tensive amount of information on the effects of heavy metals
on activated sludge, trickling filters, rotating biological contactors
(RBC), and anaerobic treatment brocess is available in the scientific
literature; however, studies concerning the toxic effects of heavy
metals on a biological tower systém are virtually nonexistent.
Therefore, the folléwing reviews of the scientific literature concern
the removal mechanisms and the effects of metals.on activated sludge,
trickling filters, RBC systenms, énd anaerobic process with no previous
history of receiving metal (except as noted).

The removal of BOD in a trickling filter results from the
biological reaction between the biofilm and wastewater. Williamson and
McCarty (1976) considered diffusipﬁ and transformation as the actions
required for removal of organic«éollutants. Soluble constituents in the
vastevater diffuse into the biofilm and are transformed by the
microorganisms on the filter slimes. These two procesées aré dependent
upon influent BOD, hydraulic loading rate and the source of vastevater.
Influent BOD and the type of wastewater are important factors in
establishing the biological reaction rate. Eckenfelder (1961)
considered contaét time, which is related to hydraulic loading, between

the biofilm and liquid phase of a waste to be a significant factor



contributing to the BOD removal in trickling filters.

Different species of bacteria in the biological treatment system
have different abilities to remove organic matter as well as metal ions
in their cell matrix. The removal‘of soluble metal in activated sludge
is conducted by three processés: adsorpt;on to sites on the
extracellular polymers, accumulation in the cytoplasm of the bacterial
cell, and adsorption on the cell wvall (Brown and Lester, 1979). Lion et
al. (1988) studied tracé metal removal processes in biofilm. They
stated that the inorganic surface of the support media was modified
into an organic>surface which vas coated with attached organisms and
their extracellulai'polyﬁeric‘materials, and solublé metal was bound to
the bacterial cells and theii polymers by means of adsorption. Rudd, et
al. (1984) concluded that bacterial extracelluiar polymers are
important because of their high affinity foi soluble metals; Wilkinson
(1958) reported that extracellular polymers occurred in two forms, a
loose slime which wvas nonadheienﬁ to the cell and microcapsules or
capsules vhich adhere to the cell. These polymersxhave an important
role in protecting bacteria fram anlabhormal environment. Extracellular
polymers have a specific cﬁaracteristic th&t enhances metal removal,
the negative surface charge due to uronic acids that are oxidation
products of sugars (Wilkinson, 1958). Therefore, soluble cation forms
of metals such as Cu>" and Cr®" combine vith the extracellular polymer
by interactions with negatively charged polymer.

Properties of copper and chromium'are shown in Table I (Friberg et
al. 1979). Copper is one of the transition elements with four possible

oxidation states; Cu(0), Cu(I), Cu(II), and Cu(III) (Sanchez, 1971).



TABLE I

PROPERTIES OF COPPER AND CHROMIUM

Characteristics Copper Chromium
Symbol Cu Cr
Atomic wveight 63.5 52
Atomic number 29 24
Density 8.9 g/cc 7.2 g/cc
Melting point 1083.4°C 1857+20°¢C
Boiling point 2567°C 2672°¢C
Color crystalline form crystalline form
redish metal steel-grey
Shape cubic cubic




Cu(II) is the only stable state in aqueous solution anq Cu(III) is a
strong oxidant (Sanchez, 1971). Copper may be found in aquatic wvater
systems in several different forms such as soluble, colloidal, and
particulate phases. Copper complexes of carbonate, cyanide, amino acids
and polypeptides, and humic substances és vell as free cupric ion are
present in soluble form. Colloidal matter includes polypeptide material
and some clays and metallic hydroxide precipitates. Oxide, sulphide,
and malachite (Cuz(OH)2C0a) precipitates as well as insoluble organic
complexes and copper adsorbed on clays‘and on other mineral solids
could be present in particulate forms of cobper (Stiff, 1971). The
soluble copper is removed from the équatic system by adsorption, both
abiotic and biotic, and precipitation. The pH has a great effect on
adsorption and precipitation (Sylva, 1975). Copper salts, espeéially
the sulfate and acetate, are moré toxic than copper itself (NAS, 1977).

Chromium is usﬁally fodnd as trivalent and hexavalent forms in
nature. The oxidation potentiél of hexavalent to trivalent chromium is
strong. Hexavalent chromium in the natural aquatic system is stable and
persists for long periéds under aerobic conditions. Hovever, hexavalent
chromium reduces to triﬁalent chromium undef anaerobic conditions,
vhose salts in neut;al or wveakly alkaiine solution hydrolyze.
(Cheremisinoff and Habib, 1972). The trivalent state of chromium is
mainly present in the insoluble form (NAS, 1974). In the oxidized
state, the hexavalent form, chromium is very toxic and is water soluble
(Langard, 1982). | |

McDermott et al. (1963), and Moore et al. (1961) studied the

effects of heavy metals on a pilot scale activated sludge systenm,



investigating the toxic effects of chromium and copper using two types
of influent feeding processes: continuous feed and slug doses.

McDermott et al. (1963) studied the effects of three
concentrations (10, 15, and 25 mg/l) of copper, as copper sulfate,
continuouély fed for periods up to four months with an average influent
BOD of 319 mg/l1 and organic loading rate of 42-58 1b/day/1000 £t2. The
effect of copper in terms of BOD removal efficiency is summarized in
Table II.

Table II shows that the three concentrations of copper lowered the
effluent quality in terms of BOD of the test units as compared to the
control units. They found the removal of copper over the concentration
range from 10 to 25 mg/1 averaged 75-79 percent. They also investigated
the effects of four hour slug doses of copper, as copper sulfate, at
dosages of 66 to 410 mg/1 on an activated sludge system with average
influent BOD of 264 mg/1 (Table II). They found that concentrations of
more than 100 mg/l caused severe effects in terms of treatment
efficiency over the first 48 hours in the activated sludge unit. They
concluded that at the 100 and 410 mg/1 doses, BOD removal efficiency
fell off to about 50 percent and recovered to normal operation in about
120 hours and 100 hours, respectively.

Moore et al. (1961) investigated the toxic effects of hexavalent
chromium in domestic wastewater under continuous feed and slug dose
operations in a pilot scale activated sludge system with an influent
BOD of 260 mg/l. Five concentrations (0.5, 2, 5, 15, and 50 mg/l) of
hexavalent chromium were continuously fed for one month (two lowest

concentrations) and a six veek period (the other three concentrations)



TABLE II

SUMMARY OF METAL EFFECT IN ACTIVATED SLUDGE

Metal used Concentration Metal injection Activated Sludge
period (% BOD Removal)
Copper1 10 mg/1 4 months 3.4 % drop
Copper1 15 mg/1 4 months 5.3 % drop
Copper1 25 mg/1 4 months 2.5 % drop
Copperz 66 mg/1 4 hours slight effect
Copperz 100 mg/1 4 hours 4 severe effect for the

first 48 hours.
Recovery: in 120 hours

Copper2 410 mg/1 4 hours severe effect for the
first 48 hours.
Recovery: in 100 hours

Chromium® 0.5 mg/1 1 months no effect
Chromium® 2 mg/1 1 months no effect
Chromium® 5 mg/1 6 weeks 2 % increase
Chromium® 15 mg/1 6 weeks no effect
Chromium® 50 mg/1 6 weeks 3 % drop
Chromium* 10 mg/1 4 hours no effect
Chromium* 100 mg/1 4 hours 3 % drop for the first
24 hours.

Recovery: within 48
hours (2 days).

Chromium® 500 mg/1 4 hours 8.5 % drop for the
first 32 hours.
Recovery: within 72
hours (3 days).

1: Continuous dose of copper; influent BOD = 319 mg/1 (McDermott et al.)
2: 8lug dose of copper; influent BOD = 264 mg/l1 (McDermott et al.)

3: Continuous dose of chromium; influent BOD = 260 mg/l (Moore et al.)

4: Slug dose of chromium; influent BOD 260 mg/l (Moore et al.)



to the activated sludge process.

Table II shows the effect of hexavalent chromium in terms of BOD
removal efficiency. The four lowest concentrations (0.5, 2, 5, and 15
mg/l) did not cause a decrease of BOD removal efficiency. However, with
the 50 mg/1 chromium dose, BOD removal efficiency dropped about 3
percent.

The effects of three concentrations (10, 100, and 500 mg/1)
administered as slug doses of hexavalent chromium were investigated.
These concentrations were fed over a period of four hours to the
activated sludge. As shown in Table II, treatment efficiency was not
affected at the feed concentration of 10 mg/l. When a slug dose of 100
mg/l wvas fed, BOD removal efficiency dropped about 3 percent during the
first 24 hours and the system performance recovered within 2 days. With
the feed concentration of 500 mg/l of chromium, BOD removal efficiency
dropped about 9 percent for 32 hours and the treatment performance was
restored to normal after 3 days.

Furtado (1981) studied the effect of chromium and copper in an
activated sludge system. A synthetic wvastewater with an influent BOD of
around 323 mg/l vas fed to the system at a flow rate of 5.6 ml/min. The
total volume of the system was 4.76 liters: 2.8 liters of aeration tank
and 1.96 liters of settling tank. Hexavalent chromium fed in a
continuous dose for 15 days and 14 days duration at a concentration of
5 mg/l and 10 mg/l, respectively, had no effect on the BOD removal
efficiency and vere not removed in the system. With the 5 mg/l dose of
copper for 22 days, efficiency of BOD removal decreased by 9 percent.

X

The 20 mg/l dose of copper for 30 days duration reduced the BOD removal
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efficiency by 30 percent. He indicated that the amount of copper in the
effluent increased with time. At the 5 mg/l1l copper dose, removal
efficiency of copper was about 95.4 percent at the beginning of spiking
and 45.8 percent just before the injection of copper stopped. In the
case of the 20 mg/1 copper dose, the removal efficiency of copper at
the beginning was about 98.7 percent and the removal efficiency just
before the injection stopped was 89 percent.

Reid et al (1968) investigated the effect of hexavalent chromium
on a trickling filter pilot plant. The trickling filter was 4 ft in
diameter and 6 ft deep with 2 inch rock media and with a normal flow
rate of 4.0 gpm and a designed organic loading of 0.074 1b BOD/day/fts.
They concluded that domestic sewage containing 2 mg/l or less of
hexavalent chromium did not significantly affect BOD removal efficiency
of the trickling filter pilot plant.

Chang et al. (1985) studied the toxic effects of cadmium and
copper in terms of the dissolved organic carbon (DOC) in an RBC system
wvhich operated with a synthetic wastewater feed at the hydraulic
loading rate of 1.35 gal/day/ft2 with influent DOC of 140 to 160 mg/1.
They also studied cadmium and copper toxicities in an activated sludge
system with the same influent DOC concentrations as those for the RBC
system. Two concentrations (5 and 20 mg/l) of cadmium, as CdClz, were
injected into the influent of the RBC. Table III summarizes the effect
of cadmium and copper in each biological treatment process. The DOC
removal efficiency wvas restored 6 days and 8 days after the injection
stopped at the 5 and 20 mg/1 cadmium doses, respectively. They believed

that there was not much difference in removal efficiency between the



TABLE III

SUMMARY OF METAL EFFECT IN TERMS OF % DOC REMOVAL ON
RBC SYSTEM AND ACTIVATED SLUDGE UNIT

RBC system'
(% DOC Removal)

Activated Sludge'
(% DOC Removal)

Metal Conc. Injection
used period
Cadmium 5 mg/1 24 hours
Cadmium 20 mg/1 3 days
Copper 1 mg/1 9 days
Copper 5 mg/l1 9 days
Copper 10 mg/1 11 days
Copper 25 mg/1 7 days
Copper 50 mg/1 5 days

8 % drop for 5 days.
Recovery: 144 hours
(6 days) atter the
injection stopped.

6.5 % drop for 4
days.
Recovery: 192 hours
(8 days) after the
injection stopped.
no effect
no effect

no effect

10 % drop for 7 days.

Recovery: 336 hours
(14 days) after the
injection stopped.

7 % drop for 10 days.

7 % drop for 2 days.
Recovery: 72 hours
(3 days) after the
injection stopped.

12 ¢ drop for the
first day spiking.
Recovery: instantly
after the injection
stopped.
*
no effect
X
no effect

*
no effect

#: Operating condition of RBC unit;

Hydraulic loading rate

Influent DOC

1.35 gal/day/ft>
140 mg/1 for cadmium

160 mg/1 for copper

+: Operating condition of Activated Sludge;

Influent DOC

MLSS

Hydraulic retention time

Sludge age

*: The biological sludge did not settle

140 mg/1 for cadmium

160 mg/1 for copper

6 hours
8 days

amount of MLSS wvas lost from the systenm.

2,500 mg/1

wvell, and a substantial

11
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tvo doses of cadmium because the unit was acclimated by the first
feeding of cadmiunm.

Toxic effects of copper were also investigated in their study.
Five concentrations (1, 5, 10, 25, and 50 mg/1l) of copper, as copper
sulfate, vere fed to the influent of an RBC (Table III). Three lowest
concentrations (1, 5, and 10 mg/1l) of copper did not produce any
noticeable toxic effects on the RBC system. At a copper dose of 25 mg/1
for 7 days, the treatment efficiency recovered within 14 days. When 50
mg/1l of copper vas dosed for 5 days, the unit showed a 20 percent
reduction in the DOC removal efficiency on the first day, but the
average suppression of the DOC removal efficiency was about 7 percent
for 10 days. The 1, 5, and 10 mg/l slug doses also did not reduce the
DOC removal efficiency in the activated sludge, however these copper
doses disturbed the settling of the biological sludge system. This RBC
unit averaged from 85 to 95 percent efficiency in the removal of
soluble cadmium and 30 to 90 percent efficiency in soluble copper
removal, depending on the influent metal concentration.

Keihani (1980) concluded that the long-term effects of the 10 mg/1
chromium dose for 15 days duration and the 10 mg/1 copper dose for 20
days duration on an RBC system vere the same as the short-term effects.
He investigated the toxic effects on an RBC system which was fed
synthetic vastewvater (BOD = 200 mg/l) at a hydraulic loading of 2
gal/day/ftz. He found that the suppression of BOD removal efficiency
vas about 23 percent at both 5 mg/1 (feeding for 38 days) and 10 mg/l
of hexavalent chromium. However, in the case of copper, as copper

sulfate, the BOD removal efficiency was little affected at 3 mg/1
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(feeding for 20 days) and 10 mg/l. The average metal reduction varied
from over 90 percent for the copper experiments to 93-97 percent for
the chromium experiments.

Dehkordi (1980) studied changes in the performance of an RBC
system treating synthetic wastewater (COD = 460 mg/l), as a result of
the toxic effects of hexavalent chromium (1, 2, 3, and 20 mg/l) and
copper (0.5, 1, 4, and 10 mg/l). Hexavalent chromium at 20 mg/l
decreased COD removal efficiency by 3 percent at the hydraulic loading
rate of 2.8 gal/day/ftz. At the hydraulic loading rate of 0.7 and 3
gal/day/ftz, copper, as copper sulfate, at 10 mg/l1 did not affect the
COD removal efficiency of the system. The removal efficiency of
hexavalent chromium was 65 to 80 percent in the RBC. In the case of
copper, the removal efficiency was very low (0 to 36 percent) at a
hydraulic loading rate of 0.7 gal/day/ftz. Howvever, copper removal
efficiencies of 80 to 96 percent were achieved at a hydraulic loading
rate of 3.0 gal/day/ftz.

Moore et al. (1961) noted the éffects of chromium in anaerobic
digesters fed with varying levels of the metal. Three different
concentrations of hexavalent chromium (50 mg/1, 300 mg/1, and 500 mg/1)
vere fed to a digester which had previously received chromium
containing sludge. When 50 mg/1 of chromium (based on the digester
contents) was fed to a digester daily for 42 days, gas (C0z2) production
dropped off rapidly. In feeding the digester a 300 mg/1 slug dose of
chromium, gas production ceased to 7 days. The digester then gradually
recovered. A slug dose of 500 mg/l caused the digester to stop all gas

production and the digester did not recover. -



Mosey and Hughes (1975) analyzed raw and digested sludge and the
volume of gases produced daily and per unit of volatile matter
destroyed by digestion in order to investigate the toxicity of heavy
metals to anaerobic digestion. The total metal concentrations in the
digesting sludge (noted in Table IV) when failure of digester started
decrease in the sequence: Fe, Cr(III), Cr(IV), Cu, Cd, and Zn,
respectively. Table IV also illustrates that heavy metals are toxic to
digestion at very low soluble concentrations.

Chian and DeWalle (1977) studied the removal of heavy metals from
a laboratory-scale anaerobic filter with a filter height of 6.5 ft. The
surface area of the plastic media wvas 63 ftz/fts column volume with a
porosity of 94 percent. Flowv rates used were 0.5, 1.0, 1.6, and 4.2
gal/day which resulted in detention times of 34, 17, 11.3 and 4.2 days,
respectively. The recirculation vas 8.14 gal/day. As shown in Table V,
total removal percentages vary between 30 percent and 96 percent, while
the soluble metal removals vary between 52 percent and 97 percent,
depending on the rate of inflow, hydraulic detention time, and loading
of the filter.

Lawrence and McCarty (1965) reported that sulfides play a
significant role in preventing toxicity of most heavy metals ih
anaerobic treatment because sulfides formed metal sulfides, which are
extremely insoluble salts, in a digester containing heavy metals. The
metal removals in anaerobic digesters have been attributed to the
formation of metal sulfide precipitates.

In biological treatment processes, metal toxicity is mainly

attributed to the soluble metal ion (Sujarittanonta and Sherrard,

14
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TABLE IV

TOTAL CONCENTRATIONS OF METALS WHEN DIGESTION STARTED TO FAIL
AND CONCENTRATIONS OF METAL IONS EXHIBITING 50 %
INHIBITION OF DIGESTERS

Metals Total conc. of metals in Conc. of metal ions
digesting sludge (mg/l) metal ions (mg/1)
Zinc 163 antt 107¢
Cadmium 180 catt 1077
Copper 170 C“:+ 10:::
Cu 10

Iron 1750 pett 1-10
Chromium III 530

Chromium VI 450
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TABLE V

CONCENTRATION OF HEAVY METALS IN INFLUENT AND EFFLUENT OF
THE ANAEROBIC FILTER

Element Influent Average Average Percentage Average Average
conc. effluent soluble metal ‘metal soluble
(mg/1) conc. effluent present removal metal

(mg/1) conc. =~ as 88 (%) removal

(mg/1) (%) ' (%)

Fe 430 19.4 12.6 35 95.5 97.1
Zn 16 1.3 0.96 217 92.0 94.1
Cu 5.6 1.47 0.67 54 73.8 88.1
cr 1.7 0.24 0.15 27 85.9 91.2
Ni 1.2 0.33 0.20 39 72.5 83.7
Pb 0.38 0.08 0.06 25 78.9 84.2
cd 0.027 0.019 0.013 32 29.6 51.9

*: Data from Chian and Dewalle (1977)
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1981). Metal uptake by the biomass depends on several factors including
solubility of metal ions, metals concentration, pH, concentration of
organic matter, and the amount of biomass present in the system.
Solubility of mefal ions is closely related to pH of the metal
containing vastewater. Cheng et al (1975)‘reported that the uptake
capacity of metal increased with increasing pH because of the greater
number of free binding sites on the sludge functional groups and the

formation of more metal-organic complexes.



CHAPTER III

MATERIALS AND METHODS

During this study the effects of copper, added as copper sulfate
(CuS04), and chromium, added as potassium dichromate (Kz2Cr207), on a
biological tower were investigated.

All experiments wvere performed at room temperature of 20°-25°C in
the Oklahoma State University Environmental Engineering pilot plant
laboratory. The experimental equipment was composed of a biological
tower reactor, three different kinds of pumps, one wet well, two inlet
and tvo distribution systems, sampling wand, and several 25 liter glass
carboys.

A schematic of the experimental treatment system is shown in
Figure 1. The pilot scale biological tower system was constructed of
plexiglass. This unit consisted of two three-cubic-foot sections each
vith a horizontal cross section area of one square foot. The sections
vere separated by spacing units that were five inches deep. The bottom
of the tover served as the major source of air for the unit and wvas set
up to aerate the unit by natural draft. Plastic filter media was used
in this study. The filter media provided a surface area of 42 £t2/ £t°
for microorganisms to grov on. A fine screen wvas set up to collect the
biological solids at the 3 ft and 6 ft depth of the reactor.

The inlet system for the tower was made of one inch inside

18
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diameter P.V.C. pipe which had three successive 90° bends to enhance
complete mixing of the domestic wastewater and the metal solutions.

Two kinds of distributor discharge devices which vere attached to
the bottom of fhe inlet system vere used in the experiment (Fig. 1).
Distributor "A" had tyo branches constructed of one inch inside
diameter P.V.C. pipe which con?ained 14 holestfor eveh flow
distribution. This distributor was used during the copper experiment.
Distributor "B" was used during the chromium experiment and consisted
of an inverted metal cone instead of branches. Distributor "A" wvas
changed after the copper experiment because it clogged up frequently.
Distributor "B" provided better'distribution of the wvastewvater and
clogged up less than distributor "A".

Feed solution to the unit consisted of Stillwater municipal
vastevater. The rav municipal wvastewvater was pumped into a 180 gallon
vet well by a Hydramatic Sewage Lift pump (1.5 HP and 1725 rpm.).
Temperature of wvastewater in ﬁhe wet wvell ranged betveen:18°c-23°c in
all seasons. The pH of the wastewater was between 7.0 aﬁd 8.5. The
vastewater in the wet well wvas pémped tp the biological tower through
the inlet and distribution system by a Tecumsen Products Co. (model
5-MSP) pump. The hydraulic loading rate of the pilot scale tower was
maintained at 0.9 gal/min/ftz (1296 gal/day/ftz)‘during the éxperiments
conducted using copper, but was increased for the chromium experiments
tol gal/min/ftz (1440 gal/day/ftz) because the lower flow rate caused
the adjusting valve above the distributor to clog. Samples for analyses
vere collected at a location ahead of the inlet system and from the two

sampling ports. A sampling vand was used to collect samples from the



two ports located at the 3 ft and 6 ft tower depths. The wand was made
of a 15-inch long P.V.C. pipe, which had been cut in half to form a
semicircle.

Carbonaceous inhibition screening tests for the effects of the
metals vere conducted as preliminary studies. Dilutions of the
domestic vastewater sample vere prepared in BOD bottles. The dilution

vater was prepared according to the procedure in Standard Methods

(APHA, 1985). The vastewater volume added to the BOD bottles was 30 ml
and 16 ml for copper and chromium, respectively. Different
concentrations‘of either copper or chromium were individually added to
the BOD bottles in order to investigate the BOD inhibition level of
these twvo heavy metals, as shown in Table VI. The dilution wvater was
added to each bottle as required to £ill the 300 ml volume of the BOD
bottles. Then, the BOD bottles were incubated in a BOD incubator at
20°C for 5 days. The initial (day 0) and final (day 5) dissolved oxygen
concentration in each bottle wvere measured using a oxygen electrode
(Orion Research Inc.). This experiment followed Stover's (1980)
inhibition screening test procedure.

The copper experiment was conducted first. After its completion
the towver and filter media were cleaned thoroughly before starting the
chromium study. It took about four weeks for the biological tower
system to reach a pseudo-steady state condition with respect to
biological tower performance for sBODs removal. Pseudo-steady state
conditions are illustrated as follows; the influent sBODs closely
parallels the effluent sBODs and the sBODs removal efficiency of the

biological tower was almost constant. That is, the treatment of sBODs
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TABLE VI

COPPER AND CHROMIUM CONCENTRATIONS IN WASTEWATER SAMPLES
AND WASTEWATER VOLUME FOR INHIBITION SCREENING TEST

Metal Conc. in . ‘Wastevater Volume - Wastevater Volume
Wastewater Volume . for Cu Experiment for Cr Experiment
(mg/1) ’ ‘ (ml) o (ml)

0.00" 30 | 16
0.10 30 : 16
0.25 ‘ 16
0.50 r ,30 16
0.75 : 16
1.00 30 ‘ 16

2.00 ‘ ‘30
5.00 30 ‘ 16
10.00 30 , 16
25.00 | 16
50.00 16
75.00 o 16
100.00 ‘ 16

*: Control (no containing metal)



by microorganisms on the surface of media is fairly constant during the
continuous flow of the domestic wastewater. After a pseudo-steady state
condition had been achieved, either copper or chromium solutions were
fed individually at controlled rates (Table VII) to investigate the
toxic effects of these metals. Concentrated copper and chromium
solutions wvere prepared in 25 liter glass carboys. Table VII shows the
feeding rates of the metal solutions which were fed to the unit by a
Milton Roy Co. (model DB-2-117R) controlled volume pump. Stock
solutions of the metals were prepared for copper (CuSO4) and chromium
(K2Cr207) in distilled vater.

During the experiments, the’following parameters were measured:
filterable BODs, pH, total suspended solids (TSS), volatile suspended
solids (VSS), concentration of soluble metal and total metal in
solution, and metal concentration in the biological solids. BODs tests

vere performed in accordance with Standard Methods on the collected

filtrate of the sample after it passed through a Whatman 934-AH glass
microfiber filter (APHA, 1985). An Orion Oxygen electrode and Orion
Research analog pH meter (model 301) were used to measure dissolved
oxygen. The pH of the samples was measured using a Fisher Scientific pH
Meter Model 900 and a glass electrode. The procedures followed for TSS

and VSS were those set in Standard Methods (APHA, 1985). The soluble

metal concentration in this project was defined as the metal
concentration in the liquid phase following filtration of the sample
through a 0.45 micrometer pore membrane filter. Total metal
concentration was determined on samples following a nitric acid

digestion, and the metal concentration in the solids was measured on
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TABLE VII

FEED RATE OF METAL STOCK SOLUTIONS

Injection Duration Conc. of“stock\ - Flov rate of
stage (hours) ' solution metal stock solution
(mg/1) ' (ml/min)
3 mg/l, Cu 135 hours 806 mg/1 as Cu 18
56 mg/1l, Cu 10 hours 11,279 mg/l as Cu 18
9 mg/1l, Cr 4 hours 2,013 mg/1 as Cr 18
38 mg/l, Cr 4 'hours 8,499 mg/1 as Cr. 18

96 mg/l, Cr 4 hours 21,470 mg/l1 as Cr 18
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samples put through the dry ashing method in Standard Methods (APHA,

1985). The concentrations of copper and chromium were measured on a
Perkin Elmer Model 5000 atomic absorption spectrophotometer using the
flame method. The detection limits of this atomic absorption

spectrophotometer for copper and chromium were 0.0l mg/l.



CHAPTER IV
RESULTS AND DISCUSSION

Preliminary Studies

Preliminary studies were conducted in order to determine the
time of day the samples should be taken, to investigate the rate at
vhich copper and chromium partitioned to the solid phase in the
vastevater, and to find the inhibitory concentration level of metals in
the BOD bottle. This last set of tests was conducted to help establish
metal doses for the biological tower.

The organic strength and coﬁstituents of rav municipal wvastevater
vary over time because of its inherently changeable characteristics.
Figure 2 represents a typical variation of the sBODs removal efficiency
at the 3 ft and 6 ft tower depths, and sBODs at the 0 ft, 3 ft, and 6
ft tower depths for one day. This sampling event consisted of grab
samples (Fig. 2) and was conducted at a hydraulic loading rate of 0.9
gal/min/ft2 wvhile the filter medium was covered with a prolific growth
of microorganisms. The influent sBODs showed an increase starting from
6:00 a.m.. The influent sBOD> concentration reached a plateau value
between 2:00 p.m. and 10:00 p.m., and then decreased through the night
time. The influent sBODs value fell to its lowest point at 6:00 a.m.,
however, the performance of the biological tower in terms of sBODs

removal efficiency vas almost constant throughout this peri