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Abstract:

The objective of this study was to evaluate the potential of clinoptilolite for removing ammonia from
fish hatchery water. Since ammonia in concentrations at least as low as 0.3 mg/l NH4+ is toxic to
salmonids, an effective means of removal is a prerequisite to reuse. A literature search indicated a
specially constructed trickling filter is the only ammonia removal device now being used at fish
hatcheries.

Ammonia removal by clinoptilolite was studied by passing synthetic wastewaters downward through a
12 in. deep by 1 in. diameter bed of zeolite at 20 bed volumes/hr.

The effect of brine concentration on regeneration was determined by passing various sodium chloride
concentrations with 0.025N= of Ca(OH)2 upward through the zeolite at 10 BV/hr.

Ammonia capacity of clinoptilolite is not linearly dependent on influent competing cation
concentrations. A five fold decrease in run length accompanied a sodium concentration increase of 256
fold (0.067 me/l to 17.2 me/l).

Results of exhaustion studies at 12.5°C and 23°C were nearly the same. Similar results were obtained
in regeneration studies. Therefore, room temperature investigations may be used to predict results in
the temperature range of salmonid propagation.

The cost of ammonia removal for a 3500 gpm hatchery was estimated to be $0.031/1000 gallons with a
water similar to Bozeman tap-water with 2.5 mg/l NH3. A regenerant consisting of 0.10 N NaCl and
0.025 N Ca(OH)2 was used for the cost estimate.

Extensive studies on the effect of competing ion concentrations are needed for accurate predictions
with various waters. In addition the use of physical-chemical treatment for BOD removal should be
studied in conjunction with ammonia removal by clinoptilolite.



In preéenting this (thesis or prdfessional‘paper)‘in partial fulfill.-
ment of the requirements'for an advanced degree at Montana State University,
; agfee that the Library shall make it freely available for inspection. |
I further agree that bermission for exfehsive copying of this thesis for
scholarly purposes méy Ee granted by my major professor, or, in ﬁis abseﬁce,
by the Director of Libraries. It is understood that any copying or pub-
lication of this thesis for financial gain shall not be allowed without

my written permission.

Signatufe FZ%EZ&ZC;gz/yzﬂézfé;/ :2532%4%;;52/
Date Fripirear [ SETR

R e VAl




AMMONTA REMOVAL FROM RECYCLED
FISH HATCHERY WATER

by -

ROBERT DODD BRAICO -

A thesis submitted to the Graduate Faculty
in partial fulfillment of the requirements for the degree

of , ?
. MASTER OF SCIENCE
| . 4

in

Civil Engineering

g;éd Major Department

Dot

haitf an, Examining Committee

Ry Do

Graduaté Dean

MONTANA STATE UNIVERSITY
Bozeman, Montana

August, 1972




i1l

ACKﬁOWLEDGMENT '

Thislinvestigation'was conducted under tﬁe provisions of an Environ-
mental Protection Agency traineeship administered by D?.'John C. Wfight,
Professor of Botany and Director of Center for Environmental Studies,
Montana State ﬁniversity, Bozemgn. |

Special thanks are.due Prbfessor Roﬁert L. Sanks, Commitfee Chair-
man. Professor Kemneth Temple and Professor William_A. Hunt are thanked
for their criticism. Grateful'apﬁfeciation is extended to Mr. Charles-F;
Reid and Dr. Nancy Roth for:their sugggstions in the laboratory. Jack D. -
Larmoyeux, Director, Fish,Cultqral Development Center, Bozeman, Montana

and his staff are thanked for their advice and assistance.




VITA @ o o v v e e e e s
ACKNOWLEDGMEN;I v e e
TABLE OF CONTENTS . . .
LIST OF TABLES . . « . .
LIST OF FIéUREs e e e
ABSTRACT . . « = + + .« .
IN'I;RODUCTION e b e e e e
PURPOSE « & « & « »
LIMITATIONS « « . .
SYMBOLS « &+ « + o &
AQUEOUS AMMONIA . . . .
EFFECT ON SALMONIDS
AMMONIA REMOVAL METHODS
BIOLOGICAL METHODS
Algae Ponds .

Oxidation Ponds

TABLE OF CONTENTS -

Activated Sludge .

Burrows and Combs

PHYSICAL-CHEMICAL METHODS . .

Steam Stripping

Air Stripping

. * o .

iv

Trickling

7

Filter

\

*

dii

- il

iv

ix

xii

11

11

13
-15
15

15




Sparging . « « 4+ .o o 4 c e ..

Mechanical Aeration . . . . . . ;
‘Chlorination . . + « o o« o o o o .
Electrodialysis . « « &« « 4 « o &

Reverse OSMOSIS o o« o o o o o o &

IOn EXchange . o @ ':0 ¢ o o e e » o'

Conventional Synthetic Resins

Natural Zeolites. e v e« s

EQUIPMENT AND MATERIALS , . . . ¢« ¢ & o & &'

EQUIPMENT . v & v v v v 0 v a0 v 0 0w s

Ion Exchange Reactors , ., . . . .

Exhaustion Studies , . . . ..

Regeneration Studies , , , ,
Pumps . . . . T
feedwater T T C e
Exhaustion Studies ., ; e s e s e e
Regeneration Studies ., ., . . . . .
Temperature . . . . . . . . . .
Weighing . o« « v & o o ¢ o o o« ¢ &

Chemicals and Resins . ., . .

Feedwater ., . o+ v o « o o o &
Chemical Aralyses . . . + « + o &

Potassium and Sodium , ., , .

.. 16

17

17

18-

19

19

- 20

.21

23

23

23

23

.23

23:
28
28
28
28
28
28
29
29

29




| I

vi

Ammonia, Nitrate and Sulfate.

PH.oo ¢ ¢ o ¢ ¢ o o o &« &

MATERiALS . e e e . .‘. . .

Ion Exchahger e o e e

Feedwétgr s s e e e e e
PROCEDURES , . . « v ¢ « « & l + e
ION EXCHANGE PRECONDITIONING
Synthetic Exchangers , .,
Clinoptilolite . . . . .

REACTOR OPERATION , ., . . . .

Run. Designation ,., , .,

Exhaustion Studies ., .™,

[

Capacity Determinations

High Sodium Feedwater ,

Low Sodium Feedwater . ,

Low Temperature Exhaustion

Cyclic Stability 3eries , .

Regenerailon Studies ., , . . . .

Effect of Sodium €hloride Concentration

Low Temperature Regeneration

Regenerant Reuse ,
SAMPLING AND ANALYSIS , , , .

RESULTS AND DISCUSSICN , . ., . . .

.

29

29

29 .

29

30

33

33

33

33

33

33
34
34
36
36

36

38 .

39

42




vii

EXHAUSTION STUDIES . . « « « & o

Capaéity_Determinations . .
. High Sodium Feedwater . . .
Low Sodium Feedwater . . .‘.
Selectivity Coefficients and
Low Temperature Exhaustion .

Cyclic Stability Series . .

Separation Factors -

" REGENERATION STUDIES OF CLINOPTILOLITE . . ; o o e ;

Effect of Sodium Chloride Concentration .« . el

Low Temperature Regeneratioﬁ

Regenerapt Reuse . . ...'. .

COST ESTIMATES . + & o o o o s o o o

PROCESS DESIGN AND OPERATION . .

AMMONTA REMO\'IAL COSTS « + v « « .

Capital Costs . . . : o o

Pressure Vessels . . .

Pumps and Motors . . .
n11ﬂnn++1n11+n

Miscellaneous .:7 .

Operating Costé e e e e e e

Power o o o o ¢ ¢ o » o

Chemicals « « v « o « &

Clinoptilolite Replacement . + + « o« + « &

42

T 43

49

. 22

54
55
55
59

62

. 62

66

66

67

67
67.

69

70
70
70
70

71




Miscéllanéous v e e

Ammonia Stripping Costs

Cost Summary . « + « o o«

SUMMARY AND CONCLUSIONS . . « .« .
RECOMMENDATIONS « &« o o o ¢ o o «
APPENDIX A. GLOSSARY . . . « . .
APPENDIX B. EQﬁILIBRIUM VALUES .

APPENDIX C. COST ESTIMATE . . . .

REFERENCES o « o o ¢ o o o o o o

viii

71

72
72
74
77
79
80
85

87




ix

LIST OF TABLES

Table

AMMONIA REMOVAL BY MECHANICAL AERATION . . « + o &

PROPERTIES OF AMBERLITE 200, AMBERLITE
CLINOPTILOL ITE . L - L] L) L L] . . . L .

CHEMICAL ANALYSES OF FEEDWATER « . . .
EXHAUSTION SUMMARY . « o « v & o o o &
REGENERATION SUMMARY « o o o < o o o &

SAMPLING PROCEDURES ¢ & ¢ & & o ¢ o &

ANALYSIS METHODS AND EQUIPMENT . « . . .

SELECTIVITY COEFFICIENTS AND SEPARTION

OPERATING CONDITIONS v v ¢ « o « o « &

IRC-84 AND

FACTORS

* e o 0

Page

17

31
32
35
38
40
4
53

69




p.4

" LIST OF FIGURES

Figure

10.
11.
12.
13.

14.

15.

16.
17.

18.

19.

PERCENT NH4OH IN WATER AS A FUNCTION OF pH . » « . « &

GILL SEGMENT . v v o o o v oo o oo v o o o o v s o

_NORMAL'GILL.FILAMENTS AND LAMALLAE . . & ¢ 4 &« o o + «

AMMONTA ALTERED GILL FILAMENTS & « v v « o o o o o o o

ION EXCHANGE REACTOR, EXHAUSTION STUDIES . & « « « .+ &
ION EXCHANGE REACTOR, LOW TEMPERATURE EXHAUSTION STUDY

ION EXCHANGE REACTOR, REGENERATION STUDIES , . . . . .

ION EXCHANGE REACTOR, LOW TEMPERATURE REGENERATION STUDIES

AMBERLITE 200 EXCHANGE CAPACITY . . . v v ¢« o o o o &

AMBERLITE IRC~84 EXCHANGE CAPACITY , . ... & & v & & o.

CLINOPTILOLITE EXCHANGE CAPACITY . . & + & &« v00 & & .

EXHAUSTION CONCENTRATION HISTORY FOR AMBERLITE 200 -, .,

EXHAUSTION CONCENTRATION HISTORY FOR AMRERLITE IRC-84

CLINOPTILOLITE EXHAUSTION CONCENTRATION HISTORY HIGH
SODIUb{ FEEDWATER . L) . L) L] L] L L] - L] ° L L] . R L] L . .

'CLINOPTILOLITE_EXHAUSTION CONCENTRATION HISTORY, LOW

SGDID’]‘-‘i FEED‘&IATER LJ L] L] L] L] . e . L] * . L] * L] - L] . R L -.
AMMONIUM BREAKTHROUGH AT LOW TEMPERATURE e e e s s s
APPROACH TO CYCLIC STABILITY % . v & v o o o s o s s o

CONCENTRATION HISTORY FOR CYCLIC STABILITY SERIES RUN
NMER lo L ] . L] . L ] . L] . L ] L * L] . » . ’ L] * L] . L] *

EFFECT OF REGENERANT CONCENTRATION ON AMMONIUM ELUTION

Page

2%
25
26

27
44
45

46
47

48

50.

Ln
P

57

58

60




20.
21.
22,
23.

2.

REGENERATION WITH 0.096N NaCl

REGENERANT REUSE

SCHEMATIC DIAGRAM OF. PROCESS

YEARLY AVERAGE ENGINEERING NEWS

INDEX (ENRCCIL)

LOW TEMPERATURE REGENERATION

xi

and 0.023N Ca(OH)2

* & & » o e o @ e e

RECORD CONSTRUCTION

61

63

- 64

68

73




xii

ABSTRACT .

-

The objective of this study was to evaluate the potential of
clinoptilolite for removing ammonia from fish hatchery water. Since
ammonia in conceritrations at least as iow as 0.3 mg/1 NH4+ is toxic

. to salmonids, an effective means of removal is a prerequisite to re-

use. A literature search indicated a specially constructed trick-
ling filter is the only ammonia removal dev1ce now being used at
fish hatcheries. : :

Ammonia removal by clinobtiloiite was studied by passing
synthetic wastewaters downward through a 12 in. deep by 1 in.
diameter bed of zeolite at 20 bed volumes/hr. .

The effect of brine concentration on regeneration was determined
by passing various sodium chloride concentrations with 0.025Nf of
Ca(OH) o upward through the zeolite at 10 BV/hr.

Ammonia capacity of clinoptilolite is not linearly dependent on
influent competing cation concentrations. A five fold decrease in

. run length accompanied a sodium concentration increase of 256 fold
"~ (0,067 me/1 to 17.2 me/l).

Results of exhaustion studies at 12.5°C and 23°C were nearly
the same. Similar results were obtained in regeneration studies.
Therefore, room temperature investigations may be used to predict
results in the temperature range of salmonid propagation.

The cost of ammonia removal for a 3500 gpm hatchery was esti-
mated to be $0.031/1000 gallons with a water similar to Bozeman tap-~
water with 2.5 mg/l NH,. A regenerant consisting of 0.10 N NaCl
and 0.025 N Ca(OH)z was used for the cost estimate.

Extensive studies on the effect of competing ion concentrations
s o A A Lopmon o mprmmmgern mmmm Tt A e o o ® a1y emmme® e D oo e m To. - 1At at
are fneedea ror accurate }_u.::d.u_l..:_uua Witll VAariLUus warers. it audicion
the use of physical~chemical treatment for BOD removal should be
studied in conjunction with ammonia removal by clinoptilolite.




CHAPTER 1

INTRODUCTION

]

Artificial - fish propagation is nééessary to meet commercial
and spoft fishing needs where natural reproduction is either iacking
or insufficient. Natural reproduction ma§ be non-existent or poor
for seve;al reasons. Some of_them are: | |

(15 Migration routes may be blocked by dams or pdllution.-

(2) Stream channelization may eradicate former spawning aréas,
'suitable habitat, or both.

| (3) Poilution may make spawning ineffective. Eggs and fry may
be unable to survive Eecausé their reduirements ére generally more de-~
maﬁding.than those §f adults.

(4) Pollution may eradicate desirable species, making the
stream or body of water valuelesg as a fishery. Thérefore, demands
upon remaining fisheries are increased, sometimes beyonéktheir
capacitieé. ‘ Y

(5) Commercial and sﬁort fishing needs’may exceed tﬁé‘supply
by natural propagation. |
These are soﬁe of the reasons justifying artificial fish propagation..
Thus, just as éurely as fishgrmén's demands increase, so will:
hatchery operations (Larmoyeux, 1968).

One 6f the problems assﬁciated with fish hatéheries is the

. . ;

apparent lack of suitable sites., Burrows and Combs (1968) over-

zealously state natural sites which meet even two or three of the
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following major criteria for fish hatchery water supﬁlies are not
available: |

(1) A sufficient éuantity for operétion must be assuréd.

(2) The water quality should ma;ch the requiremen;s of the
reared species; |

(3) Water temperature sﬂould remain within the range needed
for optimum growth rate. |

“(4) Disease incidencg must be low or absgnt.

(5) Potential sites must be suitably located in relationship to
release points. No hatchery program is successful if fish cannot be
transported to release points with low.ﬁortality rates (Colérado,
1967). . io meet tbése needs, recycling has been proposed by Burrows
and Combs (1968). |

A serious consideration with any recycle system is the
" accumulation of ammonia; é principle metabolic product of fish. Since
it is well established that ammonia in only trace amounts éan détri-
mentally effect salmonids, an economically attractive and reliable |
method is needed to provide almost total removal at the low levels
in hatchery waters; All presently used ammonia reﬁoval methods
appear to have one or more drawbacks in meeting these requirements.
The writer proposes selectivé ion exchange is best suited for

ammonia removal to low levels required in fish hatchery recycle

water.




PURPOSE

The general aim of this study wag to determine the potential .
of ion exchangé for ammonia removal from fish hatchery recycle
water. Clinoptilolite, a natural zeolite which is selective fof
ammonia, was cbmpared with two non—ammonia-selective resins with
appreciably higher total capacity. More specifically, the purpose
was to measure enougﬁ parameters for full scale designj including
the effects of temperature, increased competing ions in solution,

regenerant normality, and long term operation;

LIMITATIONS

Because exhaustion runs weré long, it was necessary to design
the study to meet the time constraint without‘seriously compromising
results. Even with bed depths of 12 in., a single column run_ré—
quired from two to seven days. Only enough wérk waé done with the

two synthetic resins to establish the superiority of cliﬁoptilolité,

(1) A feedwater concentration of 2.5 mg/l NHq4 w;s assumed to
represent a typical hatchery effluent concentrétion and was used fér
all runs.-

(2) All clinoptilolite exhaustién studies were run at 20 BV/hr

(bed volumes/hr).




N
(3) Two feedwaters were ﬁéed to measure the effect of sodium
concentration on clinoptilolite_ammonia capacity.
(4) All regeneration studies were restricted to clinoptilolite.
(5) Only regenerants containiné NaCl and.Ca(OH)2 were con--
sidered.
(6) One exhaustion and one regeneration run were médeAWithin

the low temperature range applicable to salmonid hatcheries.

SYMBOLS '

Symbols are defined when first used. They are defined again

in Appendix A,




CHAPTER II

AQUEOUS AMMONIA

Ammonia, rther than ammonium ion, is responsible for the debil-"
'itating effects on fish. The significance of pH and temperature on
the NH3 - NH£+ ratio is.shgwn in Figure l; The equilibrium:of
aqueéus ammonia is given in Equation 1. |
NH3 + H,0 ====== §g,t +05",K=1.8x10"5 (1)
Wilbur (1969) reported a pH shift from 7.4 to 8.0 resulted in at

least a 200% toxicity increase.

-EFFECT ON SALMONIDS

Fromm (1970) stagg;—the toxicological effects of ammonia on
fish are not completely known. However, he felt toxicity Was.due to
the prevention of normal ammonia excretion and that the nervous system
was earliest affecfed. In a study of réinbow trout exposed to various‘
aﬁmonia concentrations, a direct linear relationship bétween ﬁotal

blood ammonia concentration varied from O to about 9 mg/l and the-

corresponding range of total blood ammonia varied from 25 to 85 mg/ml.
Studies by Brockway (1950) showed an increase in ammonié’con—

centration resulted in reduceﬁ blopd oxygen aﬁd based on this, he

suggested ammonié reduces the ability of blood to'transport oxygen.

Studies at the Fish Cultural Development Center, Bozeman,
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Montana, have shown how ammonia effects normal gill structure.
Figure 2 shows how filaments emanate from a gill segment. Lamellae
are finger-like projections from the filaments. Typical filaments,
with generally normal lamellae, are shown in Figure 3. Figure 4
shows two gill filaments that were exposed to 0.8 mg/l ammonia as
NH4+ for eight months. Severe consolidation of the lamellae are

apparent.

FIGURE 2. GILL SEGMENT

The effects of ammonia on chinook salmon fingerlings have been
extensively studied by Burrows (1964) who found:

(1) Gill damage occurred with ammonia concentrations of 0.3,
0.5 and 0.7 mg/l of ammonia as NH4+ after six weeks of exposure at
study temperatures of 43° to 57o ¥

(2) Growth rate, disease resistance and physical stamina were

impaired.
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FIGURE 3, NORMAL GILL FILAMENTS AND LAMELLAE

(Bozeman Fish Cultural Development Center, 1972)




FIGURE 4. GILL FILAMENTS ALTERED BY AMI‘I:ONIA

(Bozeman Fish Cultural .Development Cen-tér, 1972)
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'(3) Gill damage was permanent if lamellag had consolidated.

In summary, even low ammonia concentrations have been shown to
impair fish. Therefore, it is important to remove nearly all ammonia
from recycle water. Larmoyeux (August 7, 1968) suggested that water
returned to re;ring units at the Fish Hatchery Development Center,

Bozeman, should not exceed 0.2 mg/l as NH4+. However, he noted

specific allowable concentrations are difficult to ascertain.




CHAPTER IIT

AMMONIA REMOVAL METHODS

/

Most methods for ammonia removal from wastewater are concerned
with initial concentrationé much greater than those found in
hatcheries; Thesg methods are capaﬂleiof permitting substantial
reductions, but residual levels may still greatly exceed those per—

missible in hatchery reuse water.

BIOLOGICAL METHODS

"-Algae Ponds

Algae use inorganic nitrogenous compounds for new cell con-
struction. However, two problems are associated with algae popu-
lations. First, tHgy are diffiéult to separate from the effluent
(Samples, 1967). Secénd, studies have shown removal efficiencies
aré depgndent on available light. Wuhrman (1962) reported sub-
stantial decreases in domestic sewage inorganic nitrogen content
have occurred undér favorable light conditions, e.g. during the

P - = % . - e e m = £
sdifier, bul the average. Lor

Oxidation Ponds

Laio (19705 studied the use of oxidation ponds for fish
hatchery pollutibn_abatément and obtained ammonia removals of 44 to
78% for loading rates and detention times of 9.1 to 70.1 lb/acre-

day and 4 to 6 days, respectively. Total ammonia concentrations
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were not given although averagé increases of 0.00 t9.2.5§-mg/1 NH3
wefe,found-in the rearing ponds. During a portion of the'festing,
fingefling trout‘were reared in the oxidatiénipon&s without épparent
adverse effects but no gill lamellae examinations nér physical étamiﬁa
tests were made, Further, NHq levels in the oxidation ponds were‘noﬁ

given. . Therefore, not enough information was given on which to reach

a decision.

‘Nitrification

Nitrification is the oxidation of ammonia to nitrate by microbial
metabolism. The process occurs with two groups of cHemoautrophic
bacteria. The first group oxidizes ammonia to nitrite and consists

of the genera Nitrosomonas, Nitrosococcus, Nitrosogloea, Nitroso-

cystis and Nitrosospira (Aerojet-General, 1970). 79 kilocalories

are made available by this reaction which is given in Equatibn 2.
augt + 30, ——— 20, + 4H" + 21,0 (2)

Nitrobacter and Nitrocystis comprise the second group.which

oxidizes nitrite to nitrate (Aerojet-General, 1970). The chémical
description of the reaction is given in Equation 3.’
. . M S ) v
2NO, + 0 NO4 o ' : (3)'
Because a cbmpléte recycle systém would result in a gradual in-
crease in the nitrate concentration, nitrate toxicity to fish was

investigated. Jones (1964) reported that as much as 800 mg/1

Ca(N03)2 could be tolerated by freshwater fish.,
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Activated Sludge. Both éroups of nitrifiers multiply rather

‘'slowly when compared to the heterotrophic bactefia making‘up the
bulk of activated sludge. Temple (1972) stated one reason is the
relatively small amount of energy released by the oxidation of NH}

4
to NOB_’ plus é utilization of probably not more than 5% of the

available energf. |

Thus, since 686;000 caloriés are needed to make one mole of
glucose equivalent but oﬁly 3,950 calories (5% x 79,000) are used
fyom the NH4+ oxidation'reaction, the reattioﬁ accounts for only
0.576% of one mole of glucose. - ‘

Another reason is temperature has a marked effect on growth
rate. In studies using Zurich municipél sewage, Wuhrmann (1968)
found that the sludge age had to be increased 2.5 times (froﬁ 2 days
to 5 daysl in otder to mainiain 957 ammonia removél when the mixed
liquor temperature rénge-dropped.from 14 - 17°C to 8 - 11°%. Sludge
age was define& as the ratio bf éludge ﬁresent in the system to
sludge released from the plant.

Nitrification gnd'denitrification pilot plant studies by
Slechta and Culp (1967) showed wide fluctuations in the degree of
nitrificatién.with constant loading rates. They report other pilot
plant investigations have shown removal efficiencies from 27 to 85%

(total nitrogen) for nitrification -~ denitrification.

Burrows and Combs trickling filter. Burrows and Combs (1968)

have deveibped filters specifically for reconditioning fish hatchery

Ll
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effluent. The beds consist of 4 féet
1 foot of crushed oyster shells, Thé
nutrients for the nitrifying bacteria

for the environment. Filters without

unstable ammonia removal efficiencies

Ll Llti

of crushed rock overlain with
oyster shells Provide micro—
and serve as a pﬁ stabilizer
the oyster shell layér gave

and the effluent pH gradually

declined. The gradual acidic increase was attributed to the pro-

duction of nitrous and nitric acid. The authors stated the oyster
) A

shells provided the base, CéC03; required for the. production of Ca

(NO3)5. Design loading rates for the

filters are 1 gm/sq ft.

The growth of Sphaerotilus and algae on the surface of the filter

was somewhat of a problem. Biweekly chemical treatment with 1 mg/l'

malachite green was necessary since frequent backflushing alone was

insufficient to keep the bed from plugging.

Nitrate toxicity was not a problem with this system. Leakage

and evaporation losses require 5% makeup water which resulted in a

Ca (NO3), concentration of 7.5 mg/l in the rearing water.

" Makeup water was sterilized by rapid sand filters for tiie re-

moval of particles greater than 15 microns folliowed by ultravioiet

irradiation for bacterial destruction. However, the authors noted

disease could be a serious problem with this system because know-

ledge of recycle treatment methods is severely lacking.

In addition to the introduction of disease, disposal of

effluents rather high in nitrate may be a problem. "In single pass
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systems, Laio (1970) found typical values of 1.68 mg/l Nd3' and
0.53 gg/l NH5. He noted this was sufficient to sfimulate algae
‘blooms under the proper conditions. The Burrows and -Combs system,
which wastes a small percentage of the total flow, may therefore

require denitrification because of its higher nitrate level.

PHYSICAL~CHEMICAL METHODS

Steam Stripping

\ Beychok (1967) reported steam stripping is commonly used by the
petroleum and petrochemical industry. However, Ames (1967) stated
steam sfripping costs are prohibitive for the low amﬁonia concen-
tratioﬁs encountered in domestic sewage., Since concentrations in
fish hatchery water would be considerabl& less than in domestic
sewage, steam stripping'is not appligable for reconditioning £ish=

hatchery water. -

Air Stripping

gradient, minimum surface tension and temperature. The concentration
gradient is maximum when all of,the_ammonia is in solution as a gas
~and the surrounding air contains no ammonia.‘ This ideal is approached
by raising the pH'and using 1argé quantities of air, Culp and Culp

(1971) reported the pH should be increased to between 10.8 and 11.5.
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Dean (1968) stated approximately 300 cﬁ ft of air is required per
gallon of secondary effluent treatea. 'Su£face tension-is minimuﬁ‘
when water droplets are forming. Continoﬁs droplet formation is
achieved.by circulating large quantities of air through the strippiﬁg
towenl(Culp and Culp, 1971). Stripping efficiency is directly de-
pendent on temperature; Culpland Culp (1971) étatea ammoni; stripping -
of secondary effluent ceases to be practical when surrounding ai¥ ‘
-teﬁperatures are 32°F or below. So,'thg process is temperature-
.limiting.‘ In addi;ion, calcium carbonate deposition on‘the tower
pagking decreases’stripper efficiency. Bgth these -limitations appear
to effect seriously the applicability of air stripping for hatchéry
water renovation. Furthermoie, the low ammonia concentrations in
hatchery waters create iow concentration gradients -and poor removal
efficiencies. Attempting to improve the removal efficiency by
increasing the pH coui& make the residual ammonia toxicity greater

than it was before stripping.

Sparging

Ammonia removal'efficiencies of 70 to 907% were .obtained by
Melamed and Séliternik (1970) . 1Initial concentfations were 50 mg/1
NH3-N and the detention time varied up to 4 days. As the pH was
increased froml8.0 to 11.0, ammonia removal efficiency improved
correspondingly. Decreasing the temperature was found to decrease

ammonia removal throughout the pH range studied, but temperatures
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below 20°C were not considered.

Ammonia removalhfrom hatchery effluent by sparging would provide
insufficient rémoval efficiéncies with economical detention times.
Attempting to decrease the detention time by increasing the pH would
cause residual ammonia toxicity probleﬁs noted under stripping. ..

Mechanical Aeration

The results of Clow Corporafibn (1971) studies on fbree
industrial waste streams are given in Tablé 1. No chemicals were -
added, Since pH and other specifié characteristics of each waste
stream were not given, the adaptability of reconditibning fish hatch-
. ery water can only be surmized. The considerations and limitations
‘for spargiﬁg.are no doubt applicable., At any rate, the final ammonia
concentrations were too high for these tests to be considered
appropriate for fish hatchery waters. I

TABLE 1

AMMONTA REMOVAL BY MECHANICAL AFERATION

Concentration, m1/1 NHa

Waste Stream Initial Final 7% Removal Aeration Time-hrs
1 - - 0 63
63.8 31.9 50 94
4480 . 215 95 . 53
- Chlorination

The oxidation of ammonia by chlorine requires approximately 10

mg/1l of Cl, per 1 mg/l NH3. Based on a chlorine cost of $0.0365/1b,
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Culp and Culp (1971) determined the cost for each mg/l NH3-N re- .. .
moved would be $3/mg of water treated. Larmoyeux (August 1968)
stated he expected average flow rates for most future hatcherles to
range from 2000 gpm to 5000 gpm. . Assuming removal of 1.3 mg/l NH4 ,
corresponding costs are estimated from Smith (1968) to be $0. 056/
1000 gal and $0. 047/1000 gal, respectlvely, for . capltal and chlorine
assuming chlorine at $73/ton and amortizing at 6% for 20 years. Labor
and the cost of removal of.the chlorine residual are not included.

Baummer, et al, (1969).have developed a cpﬁpletely closed

aquariﬁm system capable of keeping ammonia'concentrations below 0,.%
mg/1l NH3~N. Chlorine was used for ammonia remoyai because cdmplete
oxidation to nitrogen gas was required to prevent NO5~ buildup._:-

Equations 4, 5 and 6 show the reactions involved.

N}i3 + HOClL ——= NH4CL + Hy0 . - )
NH, + HOCl -~ NHClp + H,0 (5) -
NHCL + HOCL ———~ NClj + H,0 , ‘ (6)

Activated carbon was used for removing the chlorine residual

Electrodialysis. .

Studies conducted by Smith.and Eisenmann (1964) on wastewater
reclamation indicated significant ammonia reductiqns were not obtained
in treatiné mﬁnicipgl wastewater. Eckenfelder (1970) reported

electrodiaiysis in tertiary treatment costs 12 to .16 cents/1000 gal,

[ T L | I L
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This did not include removal of particulates and trace organics
which foul the membranes and shorten. runs. Assuming suitable pre-
- treatment, electrodi;lysis costs for a 3500 gpm hatchery:woﬁld be
$605 to $807/day. | ) ' |

Unfortunately, electrodialysis is non-selectivz for ammonia

removal.

Reverse Osmosis

Investigations by Nusbaum, ef al (1970) and by Aerojet-General
.‘(1969) indicated municipai wastewater -renovation, including ammonia
reméval, is technically feasible with reverse osmosis. Ammonia re=~
‘movais raﬁged from 74 to 87% in Aerojet-General (1969) laboratory-
scale tests. Raw, primary, secondary énd carbon-treated secondary
sewages were used. Ammonia removals in Nusbaum, et al (1970) studies
wére 70 to 85% for secondary and éarbon—treated secondary effluents,

!

respectively. Both groups concluded that further investigations‘were

needed before reverse osmosis can be shown to be economically

attractive.

Ion Exchange

Ammonia removal by ion exchange appears to offer several ad-
vantages:

¢h) Ammonié removals appréaching 100% are easily obtainéd.

(2) The equipment is readily’available and ins;allations are

\
compact.
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(3) Manpower requirements for process control are low.
(4) Efficiencies of jon exchange are high at the low loading

of approximately 2.5 mg/1 as NH, and at the low temperatures of

3

fish hatcﬁeries.

Conventional synthétic resins. Many synthetic cation exchangers

effectively remove ammonia from solution, however, they are much more

selective for calcium and magnesium. Because of this'non-selectivity
for ammonia, at least three problems are encountered:

(1) High ammonia capacity is limited to\soft waters.

(2) The effect of ;omplete calcium -and magnesium removal on sal-
monids is not known but, several studies héve shown the need for
calcium.

(3) Operational costs may be excessive because of regenerant
requirements- and waste brine disposal. -

Some of the reasons for the importance of calcium to fish afe:

D) ~It is used for structural purposes. '

(2) Calcium functions in an osmo~regulatory éapacity to minimize
effects of abrupt envirommental ionic changes (Phillips, 1959).,

(3) Heavy metal to#icity is reduced by the presence of calcium
(Wilbur, 1969).

‘Because éalcium is a required mineral and‘nearly all of it would

be removed by conventional ion exchangers, calcium removed by ion ex-

change would have to be replaced. While dietary supplémentation
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sounds feasible, studies by Podoliak (1965), Podoliak and Holden
.(1966) and Phillips (1959) indicated it is not suitable for at least
some species. For example, brook trout are highly efficient at |
utilizing environmental calcium but very poor in using diefary.cal;
cium. Rainbow trou£ are just the opposite énd‘brown érqut were intér¥
mediate. Other salmonid speéies were not studied.

In addition 'to the undesirability of removing caléium and mag-
nesium,.brine‘disposal is also a problem. Dean (1968) reporéed dis-
posal thch may directly or indiréctly polluté ground or surface’

' waters is frequentiy prohibiéed. Solar evaporatiom, ﬁultistage

flasﬂ évaporétion followed by solar'evaporation, ocean disposal and

" deep well injection are currently available disposal methods. 1In a
stgdy at vafious giteé using the most applicable methods, costs

ranged from $0.04/1000 gal to $§.18/1000 gal (Burns ﬁnd‘Roe,.Inc.,
1970). Slechta and Culp (1968) reported the volume to be disposed of
at Lake Tahoe.without brine recovery would have been 0.5% of the
treated flow. The cost associated with fransﬁorting this brine volume
oué of the LakevTahoe basin was one of the principal reasons why ion
exchange was not used for ammonia removal.

Wuhrmann (1968) concluded conventional ion exchangers were not
economically competitive with biological systems for ammonia yemoﬁal
from domestic wastewaters.

Natural zeolites. Ames'(l967) described zeolites as a class of
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over 40 crystalline, hydrated alumino-silicates with’éxchangeable ca-
tions. Only small lattice expansioné or contfactions,.if at all, occur
With'exchange.- The selectivity of a zeolite is dependent on its chan-
nel diménsions and distribution of cation sites. The exchangeable ca-
tions are located in the chanmnels which are of a specific, uniform -
size for any given ZzZeolite.

In the Taft report (1969), four zeolites were chosen for prélimi—
nary ammonia removal studies. Extensive testing on clinoptilolite in- -
-dicatéd it is potentially useful for ammonia removal from wastéﬁafers.

Ammonia.removal by selective.ion exchange appears'té have several
advantages over conventional ion exchange: .

(1) Calcium and .magnesium ions concentrations are little affected.

(2) The Taft reﬁort (1969) sh&wed regenerant reuse is feasible
and reduces brine disposal problems,

(3) Iom exCﬁange is not affected greatly b& temperatures, and
efficiencies are nearly \the same.at all temperatures.

4) Ion.exchange plants are compact and land area fequirements
are low compared to~£rickling filteré. }

(5) Clinpptilolite is relatively cheap ana ébundant.

Summarizing available ammonia removal methods, selective ion ex-
change with natural zeolites appears to be the process most competi;
tive with the biological system of Burrows and Combs. Several advan-
tages are: S B

.(l) Maintenance requirements are low,

(2) Drugs for diseése control do not'upset the process.

(3) In contrast to biological processes, it does not increase

nitrate content.




CHAPTER IV

EQUIPMENT AND MATERTALS

EQUIPMENT

Ton Exchange Reactors

The reactors were designed so either upflow or downflow operation>

‘was easily obtained.

Exhaustion studies. Room temperature and low temperature ex-
haustioq studies were run in reactors with é4lin; by 1 in., ID glass
pipe as shown in Figurés 5 and 6 respectively. For. the low temﬁera—
ture study, the_temperatufe probe showéd the temperature Var;ed no
ﬁorg than 0.5°C throughout the run. |

y

Regeneration studies. Regeneration studies at room temperature

and at 8.Zon 0.2 were run in reactors with two sections of 12 in. by
1 in. ID glass pipe clamped end to end as shown in Figures 7 and 8,
respeétively. This configuration minimized storage at the top of the
célumn'and allowed preparatory exhaustion runs to be made by removing
the rﬁbber stopper and inst;lliﬁg the filter arréngement sﬁown in

Figure 5.

Pumps

Sigmamotor T6S peristaltic tubing pumps were used both for feed
and regenerant.- They were driven by 1/8 horsepower Bodine NSH-54 d-c
motors with Minarik W52 controllers.. Two of the pump motors were

equipped with 5:1 gear reduction transmissions, the third was not.
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LATEX TUBING

RUBBER STOPPER

FEEDWATER
" 1.0. X 3 PYREX DOUBLE - TOUGH
PIPE

(FILTER)
GLASS WOOL (PACKED)

5 MM |.D. GLASS TUBING

I" 1.D. X 24" PYREX DOUBLE - TOUGH
PIPE

EXCHANGE MATERIAL

COMPRESSION RING

FLANGE

: %RUBBER GASKETS (2)

FINE MESH SCREEN, STAINLESS
STEEL

(WATER SEAL
ASSEMBLY)
COLLECTION

'Il
RUBBER STOPPER I.D. STAINLESS STEEL TUBING

LUCITE FLOW DISTRIBUTOR
FIGURE 5. ION EXCHANGE REACTOR, EXHAUSTION STUDIES
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r— FEEDWATER

ALL TUBING 5 MM I.D. GLASS

COOLING WATER

CLAMP

Z}@

TEMPERATURE SENSOR

| I“
4

S B o A

I.0. X 38" PYREX PIPE
WATER JACKET

o I" 1.D. X 24" PYREX DOUBLE- TOUGH
: : PIPE

EXCANGE MATERIAL

FINE MESH SCREEN, STAINLESS
STEEL

I2"
NO SCALE

WOOD RETAINER

WASTE<———J L—*MTI_OL‘!

FIGURE 6. ION EXCHANGE REACTOR, LOW TEMPERATURE
' EXHAUSTION STUDY
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FRACTION COLLECTOR

—

) |

—

/ RUBBER STOPPER

alal

_ = I.D. X 12" PYREX DOUBLE - TOUGH
‘."}I'I:.":::/ i

ﬁ EXCHANGE MATERIAL

FIGURE 7

REGENERANT

(FILTER)

ION EXCHANGE REACTOR, REGENERATION STUDIES




COOLING
WATER

FRACTION COLLECTOR
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? j—/ VA

WASTE ~— | t REGENERANT

FIGURE 8. ION EXCHANGE REACTOR, LOW TEMPERATURE
REGENERATION STUDIES
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One-eighth inch by 1/16 inch wall R3603 tygon tubing was held in place

by tightly fitting rubber stoppers.

Feedwater
Samples of feedwater were collected in 1 liter erlenmeyer flasks,

rubber stoppered.

Exhaustion Studies

]

Effluent samples were collected in rubber-stoppered 250 to 500 ml

erlenmeyer flasks.

Regeneration Studies

An ISCO Golden.Retriever Linear Fraction Collector, Model M326,
was used for spent regenerant collection in the clinoptilolite regen-

erant studies.

Column temperatures were monitored with a United Systems Corpor-
ation 1501 digital thermometer. Four thermometer leads made it possible

to measure temperatures at four locations simultaneously.

Weighing

Chemicals and resin. Chemicals for altering feedwater composition

and for analytical determinations were weighed on Mettler balances.

Model numbers H-6 and P=3 were used for determinations between 0 and

160 g and between 0 and 3000 g, respectively. Corresponding

-
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sensitivities were 0.1 mg and 0.5 g.

Feedwater. Feedwaters were stored in 30 gallon polyethylene

barrels, mounted on a Fairbanks platform scale for continuous weighing.

Chemical Analyses

Potassium and sodium. Potassium and sodium were measured with an

Hitachi Perkin Elmer M136 Spectrophotometer fitted with a flame attach-
ment and a Sargent SLRG Recorder.

Ammonia, nitrate and sulfate. Ammonia and nitrate concentrations

were measured colorimetrically with a Bausch and Lomb Spectronic 20.

Sulfate was measured by the turbidmetric method with the Spectronic

20.
pH

A model 404 Orion Ionanyzer was used for pH measurements.
MATERIALS

Ion Exchangers

Amberlite 200 is a macroreticular styrene-divinylbenzene strong
.acid resin (Rohm and Haas Company, 1967). It'is highly resistant to
chemical and physical'degradation and is shipped in Nat form.

Ambeplite IRC-84 is a weak acid cation exchange resin with carbo-
xylic acid functionality and.a crosslinked acrylic matrix (Rohm and
Haas Company, 19675. The physical stability appears to be somehwat

less than that of Amberlite 200. Amberlite IRC-84 is shipped in HF
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form,’

Clinoptilolite is a naturally occurring zeolite that has been
. + . ) + + -

shown to be selective for NH4 in the presence of Na , Ca and Mg
(Taft report, 1969). The total capacity of clinopfiolite, about 1.9
.me/g, is less than that of synthetic resins. However, this is off~
set by its selectivity, Miné“run, 20 x 50 mesh clinoptilolite from

Hector, California deposits was used in this study. 4

Data for the three exchangers are presented in Table 2.

Feedwater
Sodium bicarbonaﬁe and aémdnium chloride were added to Bozemaﬁ
tapwater as needed. Because storage facilities Qefe limited, the
feled Was'made in small batches. .Typical analyses are given'in
Table 3. -
&

Hot tapwater cooled to room temperature eliminated problems with

air entrainmment in the exchanger beds.
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‘TABLE 2

PROPERTIES OF AMBERLITE 200, AMBERLITE IRC-84 AND CLINOPTILOLITE

w]‘_tem' @amberlite 200 aIRC—-84 S bClinoptilolite
Physicél Properties .
Shape sﬁﬁerical lsphericai gtanulaf
Dgnsity,llb/cﬁ'ft 48-52 46—47' C46
| Moisture, % 46-51 | 43-50 45
-I Screen grading (wet) 16x50 16x50 20x50
(U.8. Standard Screens) '
Effective Size, mm 0.40-0.50 0.38-0.46  0.35
Uniformity coefficient 2.0 max | 1,75 max 1.66
Total Exchange Capacity
Volumetric, me /ml 1.75 4.1 . .-
Weight, me/g, dry 4.3 10.5 43.05
Suggested Operating anditions
Minimum bed depth, in 24 24 &
Backwash flow ratc,'gpm/$t2 7 57 =z
Regenerant flow rate, bv/hr 8 2-8 -
Rinse requirement, bv . 3.4-10 6.7-10 -
Exhaustion flow rate, 16 8-40 -
bv/hr
fi22.60 £s47.50 e§4.70

Resin Prices, per cu ft
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a Manufacturer's data, H
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Experimentally determined
Based on oven dry weight.
+ . .
NH, capacity, Taft report (1969)

From Koon and Kaufman (1971)

‘TABLE 3

Private communiciation, Rohm and Haas Company

CHEMICAL ANALYSES OF FEEDWATER

“cycle for IRC-84, Na+'cyc1e for Amberlite

Feedwater Cations, me/l Anions, me/1
Designation Ion  Min. Max. Typical Ion  Min. Max. Typical
F1. Wyt 0.5  0.15  0.15  HCO3 1.22  1.56  1.41
© mat 0.07 0.2 0.10 .soi 0.08  0.14  0.10
catv¥ o0.85 1.15 1.02 c1~ 0.09 0.13  0.13
Mg™  0.38  0.53  0.45 NO3  0.001 0.004 0.003
- 172 1,64
typical pH =-7.8
F2 NH,  0.15 0.15 0.15  HCO3 18.2 18.5  18.5
na" 17.0  17.z 17.2 so; 0.10 0.14  0.08
ca™  0.85 1.15 0.88 €17 0.09  0.13  0.13
Mgt 0.39 0.53 0.39 NO3 0.001 .0.004 0.003
18.62 , 18.71

typical pH = 8.6




CHAPTER V

PROCEDURES

ION EXCHANGE PRECONDITIONING

Synthetic Exchangers

Amberlite 200 and IRC-84 were washed into coluﬁns, backwashed and
conditioned to Nat form by cycling twice with HCl and NaOH (Diamond
Shamrock, 1969). Backwashing removed excess-fines and floating part—

icles and graded the resin bed.

Clinoptilolite

Excess fines and low specific gravity fo;eign matter were- back-
washed from the reactor. Large sand grains were mechanically removed
after removing the Water Seal Assembly, Figure 5. ?he clinoptilolite.
was then coﬁditioned to N§+—-Ca++ form by passing 25 BV ‘(bed voiumes)

of a solution containing O0.1N NaCl + 0.0255 N Ca-(OH)2

upward through -

the reactor at a flow rate of 10 BV/hr.

ATV AT A
I¥]

N A AT Ay
ROLAVLIVN vrnnaLrliun

Run Designation

The many runs made it desirable to adopt a shorthand systeﬁ for

identification,
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(1) A 200 - 2z
A {
second exhaustion in a series of runs on
Amberlite 200 resin

Amberlite 200 resin

~~
N
N
1=

RC 84 - 1F

gz

]

t——first exhaustion in a series of runs on
Amberlite IRC-24 resin

Amberlite IRC-84 resin
(3) C - 5R

fifth regeneration in a series of runs on
clinoptilolite

clinoptilolite

Exhaustion Studies

New resin in sodium form was used for both Amberlite 200 runs.
Virgin resin was used for IRC 84-1E and reconditioned for IRC 84-2E.
Clinoptildlite used for the capacity determinations discussed below
was not reused. In all other runs, clinoptilolite was regenerated
upflow at 10 BV/hr with an excess of 0.1 N NaCl + 0.025% N Cca (oH),
and reused.

Unless so noted in the exhaustion summary, Table 4, all runs were
made at room temperatures (23°Ct). Resin bed depths are for backwashed,
settled and drained (BSD) conditions. The clinoptilolite bed depth was
measured at its minimum volume by jarring the column until settling
ceased,

Capacity determinations. The capacity of Amberlite 200 and
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Amberlite IRC-84, Na* form, was measured by

with 1 N HC1.
TABLE 4

EXHAUSTION SUMMARY

exhausting to equilibrium

a d Flow
Resin Wt Bed Depth Feedwater Rate

Run gm cm Designation BV/hr Purpose

A200-1E 63 30.2 1IN HC1 22y  Determine resin
capacity for Na

IRC 84-2E 65 54.,2P IN HC1 142} Determine resin
capacity for Na

C-1E 92 24.9 0.2N KCl 104 CDetermine clinoptilo-
lite capacity for
Nat and ca™t

A200-2E 64 30.2 F2 19f  Equilibrium with
feed for comput-
ation of selectiv-
ity coefficients
and separation
factors

IRC 84-1E 65 55.0°  F2 174  Ditto

C-2E 110 30+ F1 20y  Ditto

C-3E through

C-7E,

inclusive 110 30_ Fl 20* Exhaustion to break-
through of 0.5 mg/l
NH, for regeneration
studies

C-8E 110 30t F2 20y  Effect of increased
Na' on NH3 capacity

C-9E 110 30f F2 204 Effect of low temper-
ature on NH3 capacity

C~10E through

c-19 +

inclusive 110 30- F1 201 Cyclic stability

series
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a Amberlite 200: Na+ form, oven dry weight
Amberlite IRC-84: Nat fofm, oven dry weight
. . . _. .+ 4+ ‘ .
Clinoptilolite: Na*-Ca  form, oven dry weight
b 31 em in shipped (H+) form
c Regenerated with 0.1N NaCl + 0.025% N Ca(OH)2

d Flow direction indicated by arrow

V

Amberlite 200 was virgin resin and Amberlite IRC-84 was reconditioned
kel . N\
resin. '

The capacity of virgin clinecptilolite for Ca and Na was measured '

by exhausting to equilibrium with 0.2 N KCl.

High sodium feedwater, F2. kmberiite 200 and Amberlite IRC-84
were exhausted by passing feedwater through the resins ﬁntil
eduilibrium was reached. The run using clinoptiiolife was términated
when the ammonia breakthrough reached 0.5 mg/1l as'NHB.

T mew mmnIdlgemm LamAeen
JIAW  DRAULA UL L ST O

passing feedwater Ehrough the exchanger until equilibrium was attained.

Low temperature exhaustion. The feedwater Fl was cooled to

12;5°Cf at the top of the clinoptilolite bed. The run was terminated

when ammonia breakthrough reached 0.5 mé/l as NHj.
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Cyclic stability series. Thejcyclic stability seriés was tested

only for clinoptilolite. Each run of the series was terminated when

ammonia breakthrough reached 0.5 mg/l as NH The series was termi-

3°
nated when cyclic. stability was reéched.as defined by'ruﬁs at the .
same volume of feed. At the end of each exhauétion run, the e#éhanger
bed was backwashed at 50% bed’expansion to'reﬁove foreign matter.not
trapped in the filter. This was followed by upflow regeneration at

10 BV/hr with 0.IN NaCl + 0.025% n Ca(OH)5. The column was then

rinsed thoroughly to remove any ﬁrecipitate.

Regeneration Studies

Clinoptilolite was prepared for each regeneration study by

exhausting with feedwater F1 to an ammonia breaéthrough of 0.5 mg/l'
as NH3 by baekwashing at 50% Eed expansion, and finally by.drawing

the water 1eyel down to within 1 in. of the top of the excﬂanger bed.
The clinoptilolite was then regenerated at 10 BV/hr, upflow With |
25 BV of regenerant followed b& 4 liters of rinse at 507% bed
expansion. There was no béd expansion during regenératibq: B

All regeneration studies were conducted at room temperature un-

less otherwise noted in Table 5.

Effect of sodium chloride concentration. Clinoptilolite was re;
generated in turn with 0.1, 0.5 and 0.9 N NaCl brines, all of which

contained 0.025% N Ca(0H),.

o
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TABLE 5

REGENERATION SUMMARY

. *Resin Wt  Bed Depth- .
Run om : cm. Regenerant Purpose
C-1R 110 30F 0.096 N NaCl + Effect of regenerant
, 0.023 N Ca(OH)2 concentration
+ 0.048 N NaCl + Ditto
C-2R 110 30_ 0.028 N Ca(OH), ‘
+ 0.92 N NaCl+ Ditto
C-3R 110 30. 0.030 N Ca(0H),
_ " 0.098 N NaCl+ Effect of low tempera—
C-4R 110 - 30 0.025 N Ca(OH) 9 ture on regeneration
: 0.09 N NaCl+ Effect of regenerant
C-5R 110 30" 0.06 N Ca(OH) 4 reuse
C-6R 110 30f 0.1 NaCl+ Regeneration for
through 0.02 N Ca(OH) cyclic stability
Cc-16,

inclusive

*Sodium—-calcium form; oven dry weight

Low temperature regeneration.

8.2t 0.2°C within the exchanger bed.

The regenerant was cooled to

Regenerant reuse. Regenerant captured from a previous
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regeneration wés.spargedifor about 14 hours in a bucket fitted with-a
porous stone. The pH was maintained at 11.5% With Ca(OH)» during
‘sparging. After‘sparging makeup water and NaCl was adde& to produce

a concentration of 90 me/l Nat.

SAMPLING AND ANALYSIS

0y

- B ) 4
Feedwater samples were collected at the beginning of each run.

Exhaustion run effluent sample collection intefvals and volumes were
'ahdépendent on exchange matérial,.feedﬁater'and ;umber of ions moni-
tored. Spent régenerant samples were collected with an ISCO Golden
Retfiever Linear Fraction'Collector. Collection was continuous by
splitting the flow gnd setting the timer for 2 minute sampling
times. Sampling procedures are given in Table 6. :

Sample analysis methods are given in Table 7. Ammonia determi-.
nationg were made at the time of collection or, in the case of loW
temperature studies, after samples had reached room témperature. No
volitilization losses were'detected when the samples were allowed to .

stand. '




TABLE 6

SAMPLING PROCEDURES

Designation

Sample Volume

C-6R to C-16R

ml Time Between Samples
Exhaustion
A200-1E Varies, apﬁrox Varies, initially continuous
50 ml to 5 min
IRC84-2E Varies, approx Varies, initially continuous .
50 ml : to 10 min

C~-1E 21 ml Continous, ISCO fraction
collector used

A200-2E - 250 ml Varies, 30 min dinitially
to 8 hr

IRC84~1E 250 ml Ditto

C-2E © 250 ml Varies, 20 min' initially

E ' to 10 hr :

C-3E to C-7E 100 nl 4 hr

C-8E 250 ml Varies, 15 min initially
to 10 hr

C-9E 100 ml’ Varies, 30 min initially
to. 6 hr :

C-10E to C-19E 100 ml 4 hr

Regeneration

C~1R to C5R 20 ml Continuous

No sample taken
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TABLE 7 -

ANALYSTS METHODS AND EQUIPMENT.

Analysis-

""" Description
Cations Direct Nesslerizatiom. DPrecipitation with ZuS04
Ammonia ~and NaOH not required. Chelate with Rochelle-salt:
solution. pp. 226:231.a ) -
Sodium Hitachi Perkin-Elmer Spectrophotometer, Model 139, -
with flame photometry attachment. A =589.3 -ma. .
samples diluted to 8 me/l or less, as required.
_ _ pp. 317-320.2 : .
Potassium . Flame spectrophotometry, A=768 mpr . Samples di~ a
luted to 8 me/l or less, as required. pp.283-284.
Calcium Titrimetric with EDTA. Triethanolamine added.

Total .Hardness

Magnesium

Anions
Total Alkalinity

Sulfate

Hydroxy-napthol blue indicator. pp. 84-86.2
Titrimetric with EDTA. Triethanolamine added.
Eriochrome Black T - methyl red indicator.

pp. 179-184.2

Total hardness léss calcium value. - .
Titrimetric Witk 0.0200 N H,S04 to inflection
point at pH 4.52. pp. 52-56.2.

Turbidimetric. Precipitation with BaClz;
A =420 mp, . pp. 334-335.2

FPhenoldisulfonic aéid method. Bausch gnd Lomb
Spectronic 20, A=410 my. pp. 234-237]

& Page numbers refer to APHA Standard Methods (1971)




CHAFPTER VI
RESULTS AND DISCUSSION

EXHAUSTION STUDIES |

Exhaustion studies ectablish the operating chapacteristics of
an exchange material. This is accumplished by plotting efflueﬁt ion
-poncentration as a fuanction of throughﬁut. In this manner, the effect
of variables cén be measured and several exchange materials compared.
In addition, if exhaustion studies are carried to equilibrium
(effluent ions equal influent ions) then the exchanger'§ capacity
for each ion in the influent can b;icomputed. This may be used to
evaluate quantitatively exchanger performénceAand predict
theoretically exchanger performanée.for feéd&aters or different ionic
concentratiéns.

All exhaustion studies were conducted at about 20 BV/hr downflow
because: |

(1) Ames (1967) stated this was probably the maximum for‘ZO-x
50 mesh clinoptilolite which would still give favorable exchange
kinetics with a simulated secondary effluent.

(2) The Taft report (19692) indicated npflaw exhaustion at 16,

i)

BV/hr with uﬁtreated secondary effluent resglted in some loss of
ammonia removal efficiency due to extensive channeling of the cliﬁoptil—
olite. |

(3) A direct comparison could be made between the ;ynthétic
‘resins and clinoptilolite if the exchangers wefe exhausted‘af ﬁhe

same rate.
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Capacity Determinations

The quantities of ions present on the synthetic resins in sod-

ium form were computed from Figures 9 and 10. Similarly; the -

quantities of ions on clinoptilolite in sodium-calcium form were ob-

tained from Figure 11.

High Sodium Feedwater

Ion selectivity is importaﬁt since the total‘excﬁénge caﬁacity
of natural'zealites such as cliﬂoptilolite is typically muéh less
than that of synthetic regins. From Figures-12 and 13, it can be
seen that‘both Amberliﬁe 200 aﬁd Amberlite IR&—84 are much more
seleétive for calcium and magnesium than ammonia since hardness ioné
were last to appear in the effluent., Clinoptilolite, however;.

exhibited definite preference for ammonia. ansequéhtly, as shown in

Figure 14, the bed volumes of feedwater to a breakthrough of 0.5 mg/l.

ég NHé for clinoptilolite was 1.9 to 2.2 times greater than eiéher
Amberlite 260 or Amberlite IRC-84, respectively.  Hence, the non-~
selective nature of both synthétic.resiﬁs resulted in lower ammonia
capacities than clinoptiiolité although their total capacities are’
significantly greater.

The discontinuity laéelled "Run Resumed" in Fiéﬁre 11 occurred
because 23 BV of 0.2 N KCl was insuffigiept to.elute éil'the Ca++ Bn

the clinoptilolite. Resumption of'Céﬁf elution was delayed for two

days because of equipment limitations and concurrent testing.
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Thé relationship between capacity.and selectivity can be
illustrated anothér‘way. Since Amberlite IRC-84 is shipped in hydro—
geﬁ form, it may be aésirgble to express-the«éoaium form bed volumes
of Figure 13 in terms of hydrogen~form bed volumes. Because IRC-84
exhibits approximately 60% shrinkage on conversion from sodium to
hydrogen form, the results change significanfiy when ‘Amberlite IRC-84
is compared to clinoptilolite -on this bésis. Consequently, the bed
volumes of feedﬁater to a breakthrough of 0.5 mg/i as Nij for
clinéptilolite was 1.4 times greater-fhan for IRC-~84. Aﬁberlite 200
exhisits little volume change ﬁhen converted from sodium to hydroéen
. form,

Regardless of.the comparison method, the ammonia capacity of the
synthetic resins is dependent directly on calcium and mégnesium feed-
water concentration. Therefore, Amberlite 200 and Amberlite IRC-84

would be unsuitable for ammonia sorption in applications with feed-.

waters of high hardness.

Low Sodium Feedwater

The effect of décreasing the sodium concentration from 17.2 me/l

to 0.067 mg/1l (a ratio of 256) can be seen by comparing Figures 14

“and 15. Using bed volumes to a breakthrough of 0.5 ﬁg/l as NH3.for
the basis of comparison, the fhroughput was only altered by a factor
of five. Hence, exchange with clinoptilolite is relatively insensitive

to competing ions and large changes in sodium concentration do not
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greatly affect the apparent capacity for ammonia.

Selectivity Coefficients and Separation Factors

Mathematical expressions for evaluating exchanger performance
have been generally developed for binary systems only. However, they
are useful for understanding the behavior of systems with more than
two ions.

Because the exhaustion runs of Figures 12, 13 and 14 were con-
tinued to equilibrium, they may be used to evaluate quantitatively.
exchanger performance. Selectivity coefficients and separation

factors were computed by Equations 7 and 8, respectively.

A b
% = (2) (2&)3 e
x/A \y/B Q (7)
A
Zt ()
X A Y/p (8)
A
Kp = selectivity coefficient for ion A with respect to ion B

fraction of ions A in solid phase with respect to total ions
(l) b in solid phase

X .
A_ valence of ion B

ion A
fraction of ions A in feed with respect to total ions in feed

a-b
CZ%I::;total ion concentration in feed, me/ml
Q

total ions in solids phase, me/g of oven dry resin

= geparation factor for ion A with respect to ion B
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Because of apparent error in measuring eluted sodium ions from

Figures 12 and 13, an alternate method was used to estimate sodium

ions remaining on the resins. Total sorbed ions (NH4+ + catt + ug™™

‘were subtracted from the sodium ion capacity of the respective resins.

Separation factors and selectivity coefficients are given in Table 8.

“TABLE 8

SELECTIVITY COEFFLCIENTS AND SEPARATION FACTORS

Clinoptilolite

Amberlite 200 IRC-84
Selectivity Coefficients
N - - 0,407
R4 65.5 62.8 3270
_Ca
K§24 193 L s 9040
Sepératioﬁ'Factofs
A §§4 - - 0.407
‘ ‘*‘2?4 - 0.289 0.108 2.61
. 324 0.840 0.484 7.20

-

When separation factors are less than unity, selectivity for the

desired ion is not favorable. Thus, ammonia removal in the presence
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of calcium and magnesium is unfavorable for both Amberlite 200 and
Amberlite IRC-84. Clinoptilolite separation factors for aﬁmonia—cal—
cium and ammonia-magnesium are greater than-uhity. Therefore,
clinoptilolite prefers ammonia in an‘ammonia—calcium—magnesium ternary
system, Sipilar results for clinoptilolite were given in the Taft re-
port (1969) and by Koon and Kadfman (1971).‘

Koon and Kaufman (;971)-noted as.the total solution concentration
increases, the exchanger seleétiyity for divalent iqns decreases
according to Equationﬂ7. Therefore, they concluded ammonia exchange
capacity would not qecrease 1inearly wiﬁh,incréasing éation concen-
trations in the feedwater. -This hypothesis is supported by the re-
sults of exhaustion with high and.loﬁ sodium feedwaters.

Ammonia-~sodium seiecfivity coefficients could not be determined
for Amﬁerl%te'ZOO and Amberlité IRC-84 becauée'of the gross sodiﬁm
concentration in the feedwater.

The ammonia-sodium selectivity coefficient for clinoptilolite is
less than one.only because of thg very léw sodium concentration in the
feedvater. Ames (1967) has shown ammonia selectivity is increased by

{
increasing the competing cation—ammonia ratio.

Low Temperature Exhaustion

Since salmonids thrive at temperatures less than 23°¢C, it was
desirable to determine the effect of low temperature on ion exchange.

As shown in Figure 16, the performances at 12.5°C were nearly the same.
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The slight difference can well be attriﬁuted to the normal fluctu-
ations between runs.,. It could even be due to the smali fluctuations
in the feedwater noted in Table 2, Hénce, room temperature exhaustion
étudies are valid for predicting.exhéustion at low £emperatures; or

at least for high sodium feedwaters.

Cyclic Stability Series

The primary.deéign consideration is the ammonia breakthrough
level aftér extended operation.. Thereforé, exhaustion followed by
_ regeneration'was continuéd on a clinoptilolite bed until stability'
;as approached after 9 runs as shown in Figure 17. A cation concen-

tration history for run 10 is given in Figure 18. Runs 7 and 8 were

incomplete and are not reported,

REGENERATION STUDIES OF CLINOPTILOLITE

v

Regeneration studies were conducted to evaluate the ammonia
elution gharaqteristics of various regenerant brines., The conStifuw
ents of 211 rcgencrant brines
Calcium hydroxide was ﬁresent in excess in all regenerants because
a high pH is neéesséry if réusg is a consideration. Other reéenerants
were not considered because:

(1) Sodium hydroxide has been shown physically to degrade

clinoptilolite in direct proportion to its normality (Barrer, et al,
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1967). Koon and Kaufman (1971) reported clinoptilolite degradation
was excessive at pH.values greater than 12.5..

(2) The Taft report (1969) has shown regenerants containing only
Ca(OH)2 to bé inferior to a regeneraﬁt.containing NaCl and Ca(OH)j.

(3) Regenerant reuse considerations preciuded using NaCl alone,
A high pH is required to strip ammonia effectively‘from spent regener-
ant. P . .44 4 |

(4) Sodium chloride and calcium hydroxide make an economically
attractive regeneration gystem.

Eluted magnesium was not monito;ed because only a negligible

]
amount was sorbed.

Effect of Sodium Chloride Cpncentration

Figure 19 shows' the effect of increased NaCl concentration on
ammonia elution. Practical regenerant volumes for complete elﬁtion
are pfobably less than shown for each of the regenerants since each un-
doubtedly began to function primarily as a rinse before reaching the
indicated Qolumes; Further investigation is needed to optimize re-
generation and rinse; however, a regénerant with 0.1 N'NQCl éppeafs
more economical than either 0.5 N or 0.9 N NaCl. It ié apparent that
incréasing the NaCl concentration did not result in similar reductions
in fegenerant volume requirements.

The complete goﬁcentration history for regeneration with 0.096 N

NaCl + 0.023 N Ca(OH), is given.in Figure 20.
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Low Temperature Regeneration

From an examination of Figures 20 and 21, ammonia elution was al-"
_moét as efficient at 8.2°C aé at 23°C, but a dirgct comparison can
- ‘only be approximated because the results of Figure 21 were obtained
after several exhaustion—regenération cycles. These results are
indicative of those whicﬁ would be obtained at or near ¢yclic stabil-~
ity. The results of Figure 20 were obtained after only two exhaustion~
reéenerétion cycles. The similariﬁy;of results indicaiég studies at
roém temperature are sufficient for preliminary evaluation of ion ex~

change performance.

. Regenerant Reuse

A preliminary laboratory séudy indicated about 7 hr of sparging -
would decrease the’ammonia léevel in the spent regenerant beldﬁ 14 mg/1
NH3—N at a pH above 11.5. The Taft report (1969) showed.it was un;
necessary to remove ammonia to less than 14 mg/1 NH3-N to obtain‘good
regéneration. After sparging, makeup water and NaCl was added to in—
crease the.égncentration of Na' to 0.09 N.

Concentration histories for regepergtion are shown in Figure 22.
Ammonia elution is similar in Figures 20 (fresh regenerant) and'22 (re-
uséd regenerant). As the difference bét&een Ehe results with frésh ;nd
recycled- regenerant is small (only .18 percent) it is advantageous to
Treuse regenerént—-if only to decrease the discharge of wastes.

The calcium concentration in recycled regenerant was (at 60 me/1)

s
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about 2.4 timeé the calcium concentration in fresh regenerant. The
increased éa++'concentration was probably due to finely divided
CaCO3 particles that had not been trapped in the filter. As the
solubility product.of.CaCO3 is only 5 x 1079 at 2506, ne difference
in results would be expected.
Substantial calcium carbénate was formedlduring spa;ging, but

this waste can be disposed of easily. 4
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éHAPTER VIf
COST ESTIMATES
The cos£ estimates presented herein were based on the paramefefs
detefmineq in this study and data derived from the literature or

obtained from Lee (1972).

PROCESS DESIGN AND OPERATION

. For illustrative purposes, the.procéss design was based on a
flow of 3500 gpm and a reuse water assumed to be similar to F1 (T;bleﬂ
2. |

Ihe size of ion exchange reactoré required was based on 20 BV/h=r -
aﬁd a surface lbading rafe not -to exceed 15 gpn/sq ft. Lee -(1972)
stated head\losse; would prsbably become excéséive at rates greater
than 15 gpm/sq ft. Thps,.the zeolite yolume required to treat 3500
gpm at 20 BV/hr is 1354 cu ft. Using the maximum diameter standard
unit (Lee{ 1972), three 10 ft diameter reactors provide adeq#ate sur-
face area. The resulting bed depth is 5.75 ft.

An effective zeolite ‘capacity of 0;20 me/é for the 5.75 ft bed
was estimated from cyclic stability series r;n number 10. At an
ammonia breaktﬁrough of 0.5 mg/1 as NHg, the capacity for Run 10 was
0.17 me/g. So, this level was assﬁméd for 3 feet of the clinoptilolite.
A cap;Eity equal to 90% of the saturation capacity or 0.23 me/g waé

assumed for the remaining 2.75 feet. The saturation capacity for

Run 10 was determined by assuming the same ammonia capacity after
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breakthrough as found from Figure 15. 'The shape of ammonia break-
throqgﬂ curves (Figures 15 and 18) were the-same at least up to the
termination of run number 10. )
Assuming the run will be terminated~when 0.5 mg/1 as NHq is
measﬁred in the reactor éffluent, the run length is 48 ﬁr. If 2 hr is

assumed for regeneration and rinsing, then the total cycle time is 50
hr. | |

. Depending upon Ehe effécfiveness of pretreatment, béckwashing to
remove entrained soliés may not be required in every cycle. Neverthe-
less; backwashing time is providéd in each cycle. A backwash rate of 11
gpm/sq ft reported by Koon and Kaufman (1971) is for 50% bed‘expanéion.

"The operating conditions for the cost estiﬁéte are givén in
Table 9.

Thé reactor ;onfiguration is shown;iﬁ Figﬁre 23. Stgftup will

be staggered so only one standby unit is required. .
AMMONIA REMOVAL COSTS

Costs for this design were based on information from Lee (1972)

and studies by.Sanks (1963, Smith (1968) and Koon and Kaufman (1971).

Capital Costs

Pressure vessels, Lee (1972) estimated the cost of fully

-

. automated pressure vessels at $140,000 ($35,000 each).
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OPERATING CONDITIONS

Effective bed depth, in.
‘Reuse water
Composition

Flow rate, BV/hr

Regenerant

Composition \

Volume, BV

Flow rate, BV/hr
Rinse

Volume, BV

Flow rate, BV/hr

«

Backwash (when required)
gpm/sq ft

Exhaustion run length, hr

69

Similar to F1
20}, ‘

0.10 N NaC1+0.025 Nica(oH),
13 .
10}

7
10}

114

48

Pumps and motors. Four pumps, three on line plus one standby,

were assumed for reuse water., Two regenerant pumps, including one.

standby, were assumed for regenerant pumping. The regenerant pumps

will also be used for rinsing and backwashing. Total pump cost, in-

cluding base plates, motors and couplefs were estimated to be $70,300.

Base costs were obtained from Smith (1968) and updated to December

1971 using an ENRMCL of 660 (Engineering-New Record, 1971).

Clinoptilolite. Costifor clinoptilolite was estimated at $4.70/cu

ft by-Kooﬁ and Kaufman (1971). This included on-site crushing and

LY
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. i -
storage. For hatchery applications, some savings may be realized

with a centrally located crusher supplying several installations.

However, $4.70/cu.ft was used for this estimate.

Miscellaneous. The following miscellaneous costs are based on
" the work of Sanks (1965) except .as noted.
(1) To the sum of reactor, pump and motor capital costs add

8.5% for freight (Lee, 1972).

(2) To the sum of all preceding capital cdsts, add 30% for con-

tractor's profit.
.‘(3) To thé sum of all costs ;bove, add 10% for contingencies.
(4) To the sum of all costs above, add 10% for engineeréng.
(5) To the sum of all costs above, add 1% for interest during
construction, | |
The tptgl'capital cost' was $372,356. When amortized over 15

years at 5% interest, the cost was $103.50/day.

Operating Costs

ggyég. Estimated cost for pump opergtion was $3.96/day. Aséumed
pumping head and pump efficienéy were 20 ft and 70%, resbectively.
A power rate of 7 mili/kwh was used.. '
| Chemicals. Sodium chloride requirements are estimated to be
0.25 t0ns/déy‘(962 pnrity). Sodium chloride requirements were based

on stoichiometry plus an assumed regenmerant loss of 0.5 BV/cycle.

Lee (1972) estimated that both sodium chloride and lime delivered at

:
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Billings in bu}k will éost from $18.00 to $20.00/ton. Using $20.00/
ton, daily WaCl costs will.be $5.00. '
Without further sfudy, lime makeup requirements are difficult

‘ to ascertain. So, a generous'estimate of a makeup‘rate of 40% of
regenerant plus 0.5 BV of lost regenerant was used to calculate the
cost. Using a lime cost of $20;00/ton, the estimated makeup cost was
$l.60/déy (0.08 ton/day) assuming 90% purity of the lime. ‘ﬁut even
if all lime were lost, total daily costs would not change
significéntly.

"Clinoptilolite replacement, The replacement rate for clinoptilo-~

lite was assumed to be 0.25%/cycle or 3.4 cu ft/day at $4.70/cu ft,
Koon and Kaufman (1971) used about 0.5%/cycle but, noted this was,
perhaps, twice the anticipated rate.

Miscellaneous. The following costs are based on the recommenda-

_tions of the Office of Saliﬁe Water (March.l956):

(1) Supplies and maintenance costs were estimated at 0,003% of
total capital césts or, $11.18/day. Maintenance labor was estimated
at the same rate.

(2) For a fully operating plant;.operating labor requiremeﬁts
vweré estimated to be 2 hours/day at_$5.00/hr. .

~ (3) Payroll extras were estimated to be 15% of the total labor
payroll or $5.75/éay.

(4) General overhead costs were estimated at 30%Z of the payroll

U T O U WY
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or $4.73/day.

Ammonia Striﬁping.CASt%

. Koon and Kéufman (1971) estimated ammonia sfripﬁing césts for con-
centrated ammonia soiutions (the spent.regeneranf5 at $O.IQ/IOOO gal.’
This estimate was based on the assumption that serious error would not
be introduced in.applying cost figures from ammonia stripping of-sew-
age. They further noted little has been published on stripping‘of con~
centrated ammonia solutions. Therefore,'ap all inclusive stripping

cost of $0,10/1000 gal-was used for this cost estimate.

Cost Summary

The estimated cost for ammonia removal by clinoptilolite ion ex-
change was $0.031/1000 gal, not includipg BdD removal. Koon gnd Kauf-~
man (1971) reported a cost of $0.082/1000 gal for ammonia removal of
-secoﬁdary éffluent by clinoptilolite. ion exchaﬁée.

Coét data for the Bhrrows and Combs'trickling filter are not
available. However, a rough estimate can:be\mgde from information on
conventional tfickling filters. Since the surface loading réte is
1 gﬁm/sq ft, then the required area is 3500 sq ft. The cost for a
3500 sq ft trickling filter treating domestic sewage is $0;lb/1000-gal,
adjusted to December 1971 with the ENRCI from Figure 24. A sﬁrfacg |
loading rate of 3 gpm/sq ft was assumed so curves developed by Smith

(1968) could be used.
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CHAPTER VIII

SUMMARY AMND CONCLUSIONS

Reuse of fish hatchery waters offers several advantages over con-

ventional single pass systems, but a major obstacle is the removal of

metsbolic ammonia. Tt has been shown tha

ot

ammonia even in verv low
concentrations alters the gill structures, thereby impairing growth
rates, disease resistance and physical stamina of:salmonid fisheé.

A_liter;ture search revealed several ammonia removal methods are
available, .But most of them are so inefficient at the low ammonia con-
centrations in fish hatchery water they cannot be used. The only |
method currently used is nitrification in a rock-bgéed trickling filter
overlain with crushed oyster shélls. Ion exchange appears to offer
great promise. ion exchange with clinoptilolite, a naturally occurring
zeolite, was stpdied exténs;ve;y. The findings are: |

(1) _The perfofmance of clinOptilolite'in removing ammonia from '
waters containing competing cations was greatly superior to that‘of

the synthetic exchangers, Amberlite ZOQ and Amberlite IRC-84., Clinop- -

tilolite removes ammonia preferentially, but the synthetic exchangers

" demineralize the water 'to remove ammonia. Demineralization might cause

mineral deficiencies in salmonids.
(2) Clinoptilolite exhibits a very strong preference for ammonia
over either magnesium or .calcium. Its preference for ammonia over

sodium is not so great.

(3) The apparent useful capacity of clinoptilolite in the
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presénce of low (Q.067 me/1l) sodium was 0.22 me/é at a breakthrough
of 0.5 mg/l as NH; at a béd»depth of 1 ft and a“flow‘rate of ZO.BV/hr.
Tﬁe appafent useful capacity at thié breakthrough and in the preseﬁce
$f high (17.2 me/1l) sodium was 0.053 me/g. Hence, ion exchange with
Aclinoptilolite is practical even in high dissolved solids water.

(4) The ammonia breakthfough of clinoptilolite was the'same at
12.5%C as at 23°C. Regeneration at 8.2°C was as effectibevas at 23°cC.
Thérefore, stuﬂies at room tempefature give nearly the same results as
would studies at the temperature of fish hatghery water (12°Cf).

(55 A cyclic series of runs was conducted on clinoptilolite ‘to .
.measure sustained ammonia capacity at a breakfhrough of 0.5 mg/l as .
NHy after extended operatién. When stability was approached (after 9
exhaustion—regéneration cycles) the ammonia capacity was 0.17 me/g.

Thé ammonia capacity at saturation was estimated to be 0,26 me/g.

(6) The regenerant volumes required to prodgce nearly virgin
capacity were 13, 13 and 10 BV for NaCl concentrations of 0.096, 0.48
and 0.92 N, respectively, in 0.025% N Ca(01D) 5 soiutions.

{(7) When recycled regeﬁerant ﬁas used for ammonia elutioﬁ, the
volume reqdiremeﬁt was but little more than for fresh reéene;ant.
Consequently, regenerant reuse appears practical and it also ninimizes . -
the problem of waste brine disposal.”

(8) Seven bed volumes appear to be adequate for rinsing

clinoptilolite:
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(9) The estimated coét for ammonia removal foria 3500 gpm
hatchety is $0.031/1000 gal.
(10) With respect to existing methods of ammonia removal, ion
exchange with clinoptilolite offers the'advantages.of lower cost,
higher removals, a chemical process which is more controllable than

existing biological processeé, and lower land area requirements.
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. CHAPTER IX

RECOMMENDATIONS

Thg recommendations 5ased on this study are:
(1) An extensive study on the effect of competing cation con-
centrations is needed before ptedictions for warioue waters can ha
(2) Regenerant volumes and'conceqtrations should be optimized.
(3) Long~term reéenerént reuse studies need to'Be‘conducted to
determine the effect of an increase 6f‘potassium, calcium and mag-
nesium in regenerant solutions. Only trace amounts of potassium
were present in this study, but others have shown it to compete
effectively with ammonia for exchange .sites.
4) Increased bed depths need. to be investigéted so ammonia
capacities of practical bed depths can be accuratelg predicted.
()] Long—tefﬁ attrition studies are needed to estéb;ish ex—
changer makeuﬁ rates.
| (6) -The application of surface aeration for ammonia removal
needs further investigation.
(7) The feasibility of selectively removing ammonia with
clinéptilolite in conjunction witﬁ BbD removal by physical—chemical

methods (Weber, 1972) merits inﬁestigétion.

I I | A |
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APPENDIX A

GLOSSARY

Definitions

-milliequivalent

bed volumes

Bozeman tapwater with 2.5 mg/l1l -

~ammonia-

Bozeman tapwater with 2.5 mg/1
ammonia and 17.2 me/l sodium

- Separation factor, Equation 8.

Ion A in solution phase displacing
ion B in solid phase

Selectivity coefficient, Equation 7.
Ion A in solution phase dlsplac1ng
ion B in solid phase

4 <
Equivalent fraction of ion A in
solid phase

Eqﬁivalent fraction of iom A in
liquid phase :

Total 11qu1d phase concentration of
all ions, me/ml '

Exchange capacity, me/g (dry)
Equations'Zaﬁd 3, valence of ion A

Equations 2 and 3, valence of ion B




APPENDIX B

CATION EXCHANGE. EQUILIBRIUM VALUES

COEFFICIENTS FROM MATERIAL BALANCE, C-2E (110g)

Ions in Solid Phase -

A. L A=
“ATea Apove

Breakthrough Ions in Solid Phase, me: :
Ion curve, me : calculated Input-me/l
Nat 84,6 (eluted). - b34.4 | 0.06
we,* 34.2 : 34.2 0.147
Mgt 2.2 | 2.2 0,40
catt 5.0 . b147.0 - | 0.97 -
217.8 me 1.577 me/l

8 Measure by planimeter

b Computed from exchange cépacity.run, C-1E

Values of x and yv- .

YNa = 34.4/217.8 ='0.1579 _  *Na =-0.06/1.577 = 0,038

INH, = 34.2/217.8 = 0.1569 Ny = 6.147/1.577 = 0.093 A

Mg = 2.2/217.8 = 0.010 XMg = 0.40/1.577 = 0.254 '

Yea = 147.0/217.8 = 0.675 *Ca = 0.97/1.577 = 0.615 .
1.000 o 1.000

Selectivity Coefficients and Separation Factors'

X S )




NH,-Ca

NH, -Mg

- 81

_ (0.157) /0.038Y K
(5:57) (3:3%) o o, —a

= (1.69)  (0.24)

= 0.407 -

_ 2 10.615

= (1.69 252 K
(1.69) (0.675) .. NH,-Ca

= 2,61 ,

= (1.69)2 (0.254 ) o Koy

| \o.o101/ \ N, Mg

= 7.20

0.407

2.61 (0.001577

3270

1.98

2.90 (0.001577)

9040

COEFFICIENTS FROM MATERIAL BALANCE, A200-2E (64g)

Ions in Solid Phase

Area Above

Ions in Solid Phase, me:

1.98

. Breakthrough :
Ton Curve, me . Calculated Input-me/l
et 4,72 A 0.16

+ ) . : A |
Na 224.9 (eluted) ‘bs3.1 17.4
ca't 189.7 . 189.7- 0.94
Mgt " 28 28 0.40

' 275.5 18.90
8 Measured by planimeter
b Computed from exchange capacity run, A200-1E
Values of x and y.
- Vym, = AL 0.16
N4 = 575,5 = 0.017 *NHy, = 75§ = 0.0085
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<
=
4]
U
v
w .
|
]

-1 = 0.193 XNa = 1.4 _ o 000
275.5 : ig.g ~ 00921
Yga = 189.7 %o _ 0.94
7ee = 0.689 ¥Ca = 7575 = 0.0498
Vi - 28 _ o.1017 g = 0.40 ' 0.0212
&7 37575 1.000 18.9 ~ 1.000
i
Selectivity Coefficients and Separation Factors
. : o ) )
NH,~Ca ;(0.017 )2 (0.0498) ' K - 0.0189L
4 0.0085 \0.689.) - Hy-Ca = (0.289)(2;3.5__.>
= 0.289 ‘ | = 65.5
NH,-Me = (400 0.0212> K Mo = o :
NHg-Mg = (400) (3:02 NH,-Mg = (0.84) (230)
= 0,84 = 193 !
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COEFFICIENTS FROM MATERIAL BALANCE, IRC84-1E (65g)

Ions in Solid Phase.

@Area Above

Breakthrough Ions -in -Solid Phase, me’ . . «ooo . ..
Ion Curve, me Calculated - Input-me/l
wH, 7.4 T4 . 170
Nat 662.4 (eluted) ~  P37.6 0.147
catt 594 594 0.44
Mgt 61 61 ' giggi

8 Measured by Planimeter

b

Values of x and y

v, = 1.4 - g,011

700
YNa = 37.6 = 0.054
700 :
yca = 294 = 0.848
700 _
IMg = 61 . = 0.087
100 1.000

700 18.55

Computed from exchange capécity run,,IR084~IE

b o'iéf
NH, = o =0,
4= 15,55 - 0:0079
XNa = 17.0 = 0;9]:7
18.55
Xca = 0.99 = 0,05175
18.55
*Mg - 0.44 - 0.0238

18.55 1.000

Selectivity Coefficlents and Separation Factors

NH4—Ca
0.0079 0.848

(1.77)  (0.061)

0.108

(0.0105 2 (g;gggg

-1

Ky ~ca

(0.108) (%89%§§§)

(0.108) (582)

62.8

Ll —
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o\ 2
Mg =[0.0105 0.0238 ,
- N, Mg (0.0079 (0.087- / l<1\TH4—Mg = (0.484)  (582)
= (1.77)  (0.274) | = 282 |

0.484 ' -
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APPENDIX C

COST ESTIMATE

PROPOSED AMMONIA REMOVAL FACILITY

Capital Costs

1. 4-12 ft diameter x 6 £t high plastiscl
coated, mild steel reactors (in cluding

p1p11g), $35,000 each |
2. Pumps and Motors'’

" a. Feedwater, 1750 gpm with 20 ft
nominal head, 4 @ $12,475 each

b. Regeneration/rinse/backwash -

1390 gpm with 20 ft nominal
head, 2 @ $10,200 each

3, Add 8.5% for freight

4. Clinoptilolite, 1805 cu ft at $4.70/cu ft

5. Add 30% for contractor's profit S

6. Add 10% for contingencies

7. Add 10% for engineering

k.
[

¢

Ad 17 fawr
Nl /0 e W e

Total Capital Costs

$140,000

49,900

20,400
210,300

17,900

8,480
236,680

- 68,000
304,680

30,468
335,148

33,515
368,663

2 487

- oy L

372,350

9. Assume 15 year life w1th interest at 5%, cap1ta1 _

recovery factor = 0,10296
cost per year = $37,800
cost per day = $103.50
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Operation and Maintenance

1. Pump power costs, assume power costs - _
7 mills/kwh and pump efficiency = 90% . " 3.96/day

2. Chemical costs

2. Sodium chloride, 0,25 T/day @ $£20_00/ton 5.00/day
b. Lime, 0.08 T/day @ $20.00/T - ' " 1.60/day
3. Regenerant stripping, $0r10/1000 gal 4.87/day
4, Clinoptilolite _ ' . o ~7.68/day
5., Supplies and maintenance _ 11.18/day
(0.003% x $372,350) -
6. Maintenance labor ‘ 11.18/day
(0,003% x $372,3SQ) '
7! Operating laﬂor, assume 2 hr/day @ $5.007hr I- 10.00/day
8. Payroll extras, 15% of total labor 5.75/day
9. General ovefhead, 35%Z of payroll °~ ’ _4.73/day
Total operation and maintenance cost 54.79/day
Total Cost
1. Capital cost . Co $103.50/day
2. Operation and maintenance : , 54.79/day
' | | Total daily cost . 158.29/day

3. Cost per 1000 gal treated

.. $158.29/day

(3500 gpm) (1440 min/day) $0.031 per 1,000 gallons
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