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Today’s content:

1. Review energetics for microbiological systems.
2. Overview carbon (COD) removal

3. Nitrogen removal



Biological systems gain energy from redox reactions.

* A quote by Nobel Prize-winning biochemist Albert Szent-Gyorgyi: "Life
Is nothing but an electron looking for a place to rest”

* Review (watch by yourself) what is Redox Reaction?
https://www.youtube.com/watch?v=lQ6FBATHMS3s

A redox reaction (short for reduction-oxidation reaction) is a chemical
reaction in which electrons are transferred between two chemical
species.

It always involves two processes happening at the same time:

Oxidation - loss of electrons
* The species that loses electrons is the reducing agent (it gets oxidized).

Reduction - gain of electrons

* The species that gains electrons is the oxidizing agent (it gets reduced).
Always need an electron donor and an electron acceptor!



https://www.google.com/search?q=Nobel+Prize-winning+biochemist+Albert+Szent-Gy%C3%B6rgyi&rlz=1C5GCEM_en&oq=life+is+electron+looking+for+place+to+rest&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIICAEQABgWGB4yCAgCEAAYFhgeMgoIAxAAGIAEGKIE0gEIOTIyN2owajmoAgawAgHxBar7T6wssZJo&sourceid=chrome&ie=UTF-8&mstk=AUtExfAj2KcJRpw9_p24C9aaSbGBV2UTx9Df9YEHRG7EC5XB81dX56cA8RQgpZIgFPhKG3guGfh12xUWlB4PrcRtINv_MV9pn8-V8KCoaJD82teK8AoAGEY8TPObQUSfdLuAiPH8tdZ6P_4u_DhYH0seX59ApKiqSTRuE-YA4MCehj5DaoHaos6izftclSH9aX3agFzn6yqrbHFmRwDa-PTcSz9iDvuWlcjNkrlORusqKwOTd8OzMLliCiy2sQo1cXYSpiXmyHkajvsTAT273bXUA309yQ9Eret3H4mjoAT8zk8SBA&csui=3&ved=2ahUKEwjv47ec2_6PAxXP2gIHHUydA6UQgK4QegQIARAC
https://www.google.com/search?q=Nobel+Prize-winning+biochemist+Albert+Szent-Gy%C3%B6rgyi&rlz=1C5GCEM_en&oq=life+is+electron+looking+for+place+to+rest&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIICAEQABgWGB4yCAgCEAAYFhgeMgoIAxAAGIAEGKIE0gEIOTIyN2owajmoAgawAgHxBar7T6wssZJo&sourceid=chrome&ie=UTF-8&mstk=AUtExfAj2KcJRpw9_p24C9aaSbGBV2UTx9Df9YEHRG7EC5XB81dX56cA8RQgpZIgFPhKG3guGfh12xUWlB4PrcRtINv_MV9pn8-V8KCoaJD82teK8AoAGEY8TPObQUSfdLuAiPH8tdZ6P_4u_DhYH0seX59ApKiqSTRuE-YA4MCehj5DaoHaos6izftclSH9aX3agFzn6yqrbHFmRwDa-PTcSz9iDvuWlcjNkrlORusqKwOTd8OzMLliCiy2sQo1cXYSpiXmyHkajvsTAT273bXUA309yQ9Eret3H4mjoAT8zk8SBA&csui=3&ved=2ahUKEwjv47ec2_6PAxXP2gIHHUydA6UQgK4QegQIARAC
https://www.google.com/search?q=Nobel+Prize-winning+biochemist+Albert+Szent-Gy%C3%B6rgyi&rlz=1C5GCEM_en&oq=life+is+electron+looking+for+place+to+rest&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIICAEQABgWGB4yCAgCEAAYFhgeMgoIAxAAGIAEGKIE0gEIOTIyN2owajmoAgawAgHxBar7T6wssZJo&sourceid=chrome&ie=UTF-8&mstk=AUtExfAj2KcJRpw9_p24C9aaSbGBV2UTx9Df9YEHRG7EC5XB81dX56cA8RQgpZIgFPhKG3guGfh12xUWlB4PrcRtINv_MV9pn8-V8KCoaJD82teK8AoAGEY8TPObQUSfdLuAiPH8tdZ6P_4u_DhYH0seX59ApKiqSTRuE-YA4MCehj5DaoHaos6izftclSH9aX3agFzn6yqrbHFmRwDa-PTcSz9iDvuWlcjNkrlORusqKwOTd8OzMLliCiy2sQo1cXYSpiXmyHkajvsTAT273bXUA309yQ9Eret3H4mjoAT8zk8SBA&csui=3&ved=2ahUKEwjv47ec2_6PAxXP2gIHHUydA6UQgK4QegQIARAC
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https://www.youtube.com/watch?v=lQ6FBA1HM3s

The Redox Tower Ey' (V)

The redox tower illustrates how i

CO./glucose (~0.43) 24 ¢~ ~—

2 H'M, -0.42) 2 o ~—1

microbes gain energy by moving agtrgton__|-on

. o §§°,’§“(A§3 é]—_‘g%g):o g :_ :i____‘_. -0.30
electrons downhill from higher-energy =i —1..

donors to lower-energy acceptors. N ekt

AMP + HSO4~ (-0.06) 2 &

Fumarate/succinate (+0.03) 2 ¢ =1
Cytochrome b gmeg (+0.035) 10~ —

UbiGuinonty, peg (+0.11) 2 &
DMSO/DOMS (+0.16)2 @~

Again, there always need an electron | zmwemen - fro=

Chlorobenzoate /benzoate (+0.3) 2 & - +0.30

donor and an electron acceptor! omoume ||

NO3INO,™ (+0.43) 2 &
860 ,2/Se04" (+0.48) 2 &~

NOy /¥ N3 (+0.74) 56~ ——__
Fe™* Fe?* (+0.76) 1 &, (pH 2)

MMt (40.8) 2 & - +0.80
¥ 0,M,0 (40.82) 2@ ———

ClOg™/CIr {(+1.03) 4 &~




Organic waste, 02 Other components,
P,N, S, O, metals, vitamins
Energy substrate Nutrients for biomass

The energy production //\\

reaction or metabolic
pathway supports \ATP |
biomass synthesis. \ (maintaim integrity

of DNA RNA protein,
/ motility, etc.)

In WWT, biomass is the r/

I v eplication,
main component of A zrop\:vtht
sludge. product

Biomass

(Sludge)




For example, we could write combined equation of
energy production and biomass synthesis:

Stoichiometric equation for wastewater oxidation

4 CgH1903N+25 O 2 C5H7059N+ 2 NHZ+2 HCO5+20 CO5 + 12 H,0



Observed growth yield (measured by biomass) is lower than

Theoretical growth yield (calculated by substrate consumption),
due to maintenance and decay.

Energy substrate Nutrients for biomass

v _ Mass of New Biomass Produced TN
Mass of Substrate Consumed / \
Y = True growth yield | @ / "
Yops = Observed growth yield > /Maintenance v
. | (maintain integrity |
Y(Y ) ) _ (Net) Amount of biomass formed \, ' of DNARNA protein, |
= I3 1
ODS (Net) Amount of substrate consumed \// \{“°t"'tyf etc.) g
: : *._ Celldeca S
Yield influenced by: N Y .
« Substrate | v V Replication,
« Organisms Metabolic “waste” Growth
» Growth environment (Terminal electron product

acceptor, pH, Temperature)

Biomass
The same goes for growth rate; the real growth rate needs to

be corrected by environmental conditions. 2 Homework




Carbon (COD) removal: (Chapter 4 in the book)

 Qverall, for the removal of each contaminant or nutrient or
element, we either try to turn them into gas or heavy material
(heavier than water) for sedimentation, such as CO, and biomass.

* We discussed mass balance last week. In the example problem,
we assumed a constant concentration in the aeration tank, which

IS based on the assumption that this is a steady-state reactor (like
CSTR).



Mass balance: the production and recycling HOMEWORK 1
of sludge X

Qinflow Aaeration Secondary Qoutriow

Tank Clarification
TN

(where Xis
produced) production) Xoutflow

Sludge

X

Qrecycle recycle

Qwaste Xwaste

Mass balance for the whole system?
Mass balance for the Secondary clarification?



SRT — Mass of sludge in reactor

* Some parameters that are important: Mass of sludge wasted per day
Sludge retention time (SRT): the average time

sludge remain in the system before being removed. gRrT = Krss- Ve _ Ve
Hydraulic retention time (HRT): the average time Krss Qu  Qy
wastewater spends in a treatment reactor before v
exiting. HRT, ==&

n Q1

SRT and HRT are separated in WWT because biomass is retained. SRT is controlled by
sludge wasting > microbes can be recycled back into the reactor with return activated
sludge, so they stay much longer than the water. WHY "

*Maintains high biomass concentration — more microbes available to degrade organic matter and
nutrients.

‘Decouples SRT from HRT — microbes can be kept longer than the water, allowing growth of slow-growing
organisms (e.g., nitrifiers).

‘Improves process stability — system can handle variable loads without washing out microbes.
‘Enhances treatment efficiency — higher removal of BOD, nitrogen, and phosphorus.
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Need for nutrient removal

*\WWhy do we need nitrogen oxidation/removal?

'NH3 IS toxic to ﬁSh, CHESAPEAKE BAY
=exerts O, demand RECORD DEAD ZONE
*N stimulates algae growth, contributes to accelerated M S Oy

10 HEALTHY

eutrophication

75 GOOD

5.0 FAIR

25 POOR

N o DEAD

Source: Chesapeake Bay Program




Relevance

» Wastewater contains: Org-N and NH; (= TKN, Total Kjeldahl
Nitrogen)

* Org-N is broken down to NH; (ammonification)
* NH; supports microbial growth (N assimilation)
» [f BOD:TKN < 25, indicates excess NH;



Nitrogen that arrives at WWTP

WWTP




Concentrations of different forms of nitrogen in
Swiss urban wastewater

Form of Concentration in wastewater | Proportion
nitrogen (mg NJ/L) or (g N/'m?3) (%)
normal concentrated | diluted
total 50 80 30 100
nitrogen*
ammonium 30 50 18 ~60
nitrate 0.5 0.5 0.5 0.5-3
organic 20 30 12 ~40
nitrogen

* total nitrogen = Kjeldahl nitrogen

14



Effluent quality standards as requested by
Swiss legislation (OEaux 1998)

Parameter | Size WWTP Concentration Treatment
(capita) (mg/L) efficiency (%)
SS < 10’000 20 -
> 10000 15 -
E;C)D5 < 10’000 20 90
> 10’000 15 90
N-NH, - 2 90
(if possibility of negative impact on (N-NHy s / TKNjg¢)

receiving surface water)

N'N02 —— 03 -

(indicative value)

If WWTP effluent discharged in
TOtaI N sensitive surface waters, one has to
try to remove as much N as possible
at reasonable costs.

Total P -- 0.8 80

(if WWTP effluent discharged in
lakes and river Rhine)




——> ammonification
) assimilation

NH,* Emm) nitrification
WASIOWALT || ey denitrification

\ Removal

NH,” mmp NO, mmmp NO,- through

denitrification

removed
from water

organic N Removal through sludge

waste sludge
organic N

Y/
wastewater removed

from water 16



Oxidation states of nitrogen

Oxidation States of Key Nitrogen Compounds

Compound Oxidation state of N atom
Organic -3

Ammonia (NH,) -3

Nitrogen gas (N,) 0

Nitrous oxide (N,O) +1 (average per N)
Nitric oxide (NO) +2

Nitrite (NO,") +3

Nitrogen dioxide (NO,) +4

Nitrate (NO3™) +5

Inorganic nitrogen compounds are some of the most common electron acceptors in anaerobic respiration



HOMEWORK 2

Nitrogen is first removed through sludge produced
by aerobic heterotrophs as part of their biomass.

* Microbes eat certain ratio of N and C for growth:
Organic C + 02
o 0.045 g N / g BO D5 Energy substrate Nutrients for biomass

SN N,PS...
Since nitrogen assimilation is directly proportional to
biodegradable substrate utilization (growth), we relate it Q__) N
(maintain integrity
10 BODs, not GOD. Ny R
* |In this way, removal of C and N is always Y\/V
Replication,

coupled by a certain ratio. If N is high, we need  mewboiic'waster ‘' Growth

product

other bacteria to degrade it more independently cOo

and direCtly. “ B(i:orrll_alisso \
S5117V2

18



Additional (majority) of N is removed by
nitrification+denitrification

Nitrification: Ammonia (NH,") > nitrite (NO,") > nitrate (NO;")

Denitrification: NO;™ > N, gas

19



Redox Cycle for Nitrogen

/ N,
N,O NH,
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nirS/K

® ™~ NO,

Org N

Same color of
@ arrows means the
amoA steps are carried
out by same kind of

nas/narG/napA I l nxr @ mICI’ObeS.
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Nitrification: Ammonia (NH,")
> nitrite (NO, ") = nitrate (NO;")

Denitrification: NO,™ 2> N, gas
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ON «—— NH,*
T Assimilation 4
<
O
®
X
=
N
=
-
O
©
0O
=
=
<
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Q

Nitrification




Nitrification

= Nitrification is carried out by two groups of
aerobic bacteria and archaea: (autotrophic,
chemolithotrophic, aerobic)

= AOBs (Nitrosomonas, Nitrosococcus,
Nitrosopira) and AOAs

* NOBs (Nitrobacter, Nitropira, Nitrococcus)

= Note: comammox can do both steps, oxidizing

ammonia to nitrate, but is not competitive against
AOB and NOB.

Oxidation
state

Ammonification

) +

T ON Assimilation NH4 !

c

i)

©

X

|

P

: B. AC
c
i)
®
0O
=

- =

IS) =

IS

O

=

=

c

()

Q

{ [ lNOB

NO3_ M

Figure 2.1, GDLF

NH; +1.8160, + 0.1316C0, — 0.0263 C<H,0,N + 0.974N0O3 + 1.974H* 4+ 0.92H,0



Denitrification

= Anoxic

= Can be reduced with two electrons
to nitrite or further to nitric
oxide, nitrous oxide, or dinitrogen

* N,O is a very very potent
greenhouse gas

Nitrous oxide is considered to be
265 to 273 times worse than CO,
over a 100-year timescale.

Oxidation
state

o— N, fixation —»

Denitrification

e

o« O

Ammonification

> NH,*

©)
Z

Assimilation

>

nitrifierl J

NO4-

Nitrification




Compare!!

Need O2 as
electron acceptor?

What is the electron
donor for energy?

Energy production
reaction

What is the carbon
source for biomass
synthesis??

Where does the
energy couple sit on
redox tower?

Growth rate and
yield

Aerobic
heterotrophs

Yes

Organic C

Organic C+ 02 2>
CO2 +H20 + NH3

Organic C

Very far away

Faster, more
biomass/substrate

Nitrifiers
(autotroph)

Yes

Ammonia

NH, + 02 > NO,
NO, + 02 >NO,

coz!l

Closer

Slower,
less
biomass/substrate

HOMEWORK

lectron donors Electron acceptors

Denitrifiers
(heterotrophs) CH,0 — Hco;-
H2 — H*
NH; - N,

No CH, = co,

S% - 50>
Organic C

Fe2* — Fe(OH),
Organic C+ NO; +

-> N2 +C0O2
Organic C

Quite far away

Kind of fast, much
biomass/substrate



Nitrification

» Low growth rate (um) and yield (Y), needs larger SRT (0,)

* Low Ks, ~ 1 mg N/L, can get very low effluent NH; concentration, zero order
» Sensitive to temperature changes — low T needs larger SRT

= Sensitive to pH. Need to keep pH > 6.5

= Generate H*, consume alkalinity, needs 7 g CaCO3/g NH4+-N

= Conventional wisdom... need high D.O. > 0.5 mg/L,



Nitrifiers are specialized bacteria needing oxygen
as electron acceptor and having a slow growth rate

HOMEWORK 2
Nitrification (1) Nitrification (2)
NH,+150, —» NO,+HO+2H"
AG® = - 270 (kJ/mol NH,*-N) NO, +0.50, — NO;
AG° = - 80 (kJ/mol NH,*-N)

Nifrosomonas

Nitrosospira

Nitrosococcus Nitrobacter

Nitrospira

Growth difference: Nitrosomonas grows faster than Nitrobacter. This is
related to the difference in energy-producing metabolic reaction. 25



AOBs (ammonia oxidizing bacteria)
vs NOBs (nitrite oxidizing bacteria)

* NOBs have a higher substrate utilization rate than AOBs (exhibit a
higher specific substrate utilization rate)

» Adjust growth conditions that differentially affect AOB and NOB
* An alkaline pH (7.5-8.5) favors the growth of AOB over NOB
= At 35°C, AOB grows faster than NOB



Nitrification reactions including
biomass formation

HOMEWORK 2
80.7NH,* +114.55 O, + 160.4 HCO; ——

C.H.NO, + 79.7 NO, + 82.7 H,O + 155.4 H,CO,

134.5NO, + NH,* + 62.25 O, + HCO, + 4 H,CO, —>
C. H,NO, + 134.5 NO, + 3 H,O

NH,* + 1.86 O, + 1.98 HCO, ——
0.020 C.H,NO, + 0.98 NO,™ + 1.88 H,CO, + 1.04 H,0

27



Nitrifiers grow slower than heterotrophs (the ones
that eat organic carbon for energy), this needs to
be taken care of.

Growth rates of differents organisms

Hmax 1:d . )
Bacteria [d™"] [h] Note: hgre Uax IS
the maximum
10°C | 20°C | 30°C 10°C 20°C growth rate they
can reach under
; specificied
Nitrosomonas | (.30 0.85 2.47 95 20 temperature and
optimized
. conditions. Real
be corrected for the
Heterotrophic 3 B - 55 28 reac?tor
bacteria environment.
E. coli - - 30* - 33 min

*at 37°C

28



Nitrification and Its Impacts

Figure 6.6 Effect of SRT on the performance of
nitrification in a CSTR receiving a wastewater
containing inhibitory compounds. (Adapted from
Bridle et al.8)

Per Cent Nitrification
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Nitrification and Its Impacts

500 | I | I | I |
400 | A 1 _
o wy = 0.032 hr
< i Kyy = 1.0 mg/L as N i
v 300 Ko =0.75mg/L as O, -
N | ]
e - b, = 0.004 hr-! -
e 200 —
I= a _
=
100 - —
0 I | I | I | I
0.0 1.0 2.0 3.0 4.0

Dissolved Oxygen Conc., mg/L

Figure 6.7 Effect of dissolved oxygen concentration on the minimum SRT required for nitrification in a
CSTR receiving an ammonia-N concentration of 30 mg/L. Parameter values are for a temperature of
20°C.

Course Notes - © Adam L. Smith



Nitrification and Its Impacts

200 I | | I | I | I | ¥
i Temperature Coefficients 1
150 | n, 6=1.114 —
Kyy 6=1.125
i b, ©6=1.114 ]
100 -

- Values at 20°C
u, = 0.032 hr'
- Ky =1.0mg/L as N

- b, =0.004 hr-

Minimum SRT, hrs

o
o

0 f | | | | | I | | | 1
0 5 10 15 20 25 30

Temperature, °C

Figure 6.8 Effect of temperature on the minimum SRT required for nitrification in a CSTR receiving an
ammonia-N concentration of 30 mg/L. The dissolved oxygen concentration is not limiting.



Nitrification and Its Impacts

4’000 I | I | I | I | I | I
3000 - _ With Nitrification _
e Without Nitrification —~—Z= - _ _ _
3 === Z
S 2,000 ( —
o
N = 4
n
—
= 1,000 |- —
: e | | | | |
Figure 6.9 Effects of SRT and nitrification R T e L L
on the MLSS concentration and oxygen a0 - 0 _ae==-TT |
requirement in a CSTR with ©,/1 = 20. = -
. . ) -
Parameter values are given in Table 6.3 and [, 250 — ,’V\ﬁth Nitrification -
the influent conditions are given in Table 6.6. R /
The value of was set equal to zero to El )
eliminate nitrification in one case. The & 150 / T -
. . . I
dissolved oxygen concentration was fixed at o thout itrimieation
. . (@)) - —
4.0 mg/L. The MLSS concentration is > 100
expressed in COD units; to convert to TSS © L _
units, divide by igxxg 1= 1.2 mg COD/mg
TSS ’ 0 1 | 1 | 1 | 1 | 1 | 1
' 0 40 80 120 160 200 240

SRT, hrs



Nitrifiers normally lose competition with
heterotrophs for O, asking for separation of the
two processes nitrification and aerobic organic
matter degradation

Primary Secondary

clarifier clarifier
influent
3 o ® 0 O O
o I o © effluent
0 o © 0

 J ation BOD;
Nitrification
33
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Implementation of denitrification

Denitrifyers are heterotrophic bacteria
using nitrate as electron acceptorif no
oxygen is present.

Denitrifyers need organic matter as
energy and carbon source as the other
half of the redox reaction.

CH,0 — CO,

H,— H'
NH, —N,-
CH,~CO,

H,S— S
H,S —*S0% -

FE'E'I'—} FE(GH} -

Oxidation

. :
NH, —NO,

€O, CH,0

2
- Fe(OH) —»= Fé

Reduction

+

NO; — NH,

NO, — NO,
~ MnO M~
| €O, CO

NO; — N,

0, -+ H0




We have two options here, what are the consequences?

(1)

Additional Organic Carbon

Aeration tank: O, Denitrification: No O,

wastewater

>

)

>

(2)

Denitrification: No O, Aeration tank: O,

wastewater

>

)

E

36



Post-denitrification in

Concentration profiles in aeration tank with
plug-flow mode

activated sludge systems o §
@]
. g‘?g g ©
(methanol) §
e 1 g ey
Primary Secondary }
clarifier clarifier - -
influent 1 | | N | | . BOD; 1
g 00 C O
ﬁ% 0_%0 ‘ X effluent >
NH, 1}
nitrification denitrification i
I NO; 1}
N 37
Influent ,I, \ /
Pre-denitrification in 595 =
- L o
activated sludge systems ||-> Xa|es X/
—
Primary Secondary i
clarifier clarifier > Also save some
influent 1 | A . .
g Il el T - HAD), 02 (agitation
):( ooo o O% effluent N _ .
M | L2 > energy) if we use
+ A ey o ge .
denitrification nitrification HE denitrification to
Internal recycling A g remove some
- e BOD! 37




Denitrification /
&

N

Depends on where the denitrication reaction sits in the
treatment train, ammonia may or may not be available
as nitrogen source direct for biomass synthesis:

Denitrification reactions including

NO,”+6H*+5e — 0.5N,+3H,0 organic matter oxidation, nitrogen

Pseudomonas, Bacillus, Spirillum,
Hyphomicrobium, Agrobacterium,
Acinetobacter, Propionobacterium,
Rhizobium, Coryne-bacterium, Cytophage,
Thiobacillus, Alcaligenes, ......

0.65C,H,,ON+4.89 NO,+489H" —»

assimilation, and biomass formation

0.61 Cy5H;oOcN + 4.54 NOy +0.39 NH,*|+ 4.15 H* —>
C.H,NO, +2.27 N, + 5.98 CO, + 5.15 H,0

C.H,NO, +2.27 N, +6.7 CO, + 5.12 H,O

0.65 C,,;H,,O.N + 4.89 NO, + 4.89 H* ——
C.H,NO, +2.27 N, + 6.7 CO, + 5.12 H,O

38



What also changes during the HOMEWORK
nitrication/denitrification processes?

Nitrification releases H*
Denitrification consumes H*

Alkalinity
Alkalinity is a measure of the capacity of water to neutralize acids (i.e., toresist a
decrease in pH).

Most treatment processes generate acids, not bases. For example, biological
oxidation of organics > CO, > carbonic acid. So we use Alkalinity as a critical
parameter instead of acidity!

*Alkalinity measures the "buffering capacity" of water.
*In natural and engineered waters, alkalinity comes mainly from bicarbonate
(HCO;"), carbonate (CO32‘), and hydroxide (OH"™) ions.
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Denitrification and Its Impact
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Figure 6.11 Effect of oxygen input rate on denitrification ina CSTR operated at an SRT of 240 hrs. Parameter values
are given in Table 6.3 and the influent conditions are given in Table 6.6. For the limiting COD case the influent nitrate-N
concentration was 60 mg/L whereas in the excess COD case it was 50 mg/L. The influent flow was 1000 m3/day.



Denitrification and Its Impact
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Figure 6.12 Effect of Sgo/Syoo (expressed as C/N ratio) on the removal of carbon (o) and nitrogen (e) ina CSTR
operated under anoxic conditions. (From K. Wuhrmann, Discussion of 'Factors affecting biological denitrification of
wastewater by R. N. Dawson and K. L. Murphy. Advances in Water Pollution Research, Jerusalem, 1972, 681-682,
1973. Reproduced by permission of Dr. K. L. Mechsner.)
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