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ABSTRACT

A system for the steady state cultivation of the anaerobic sulfate reduc

ing bacteria Desulfovibrio desuliuricans is presented. Various experimentally 

determined growth parameters are also given. These include the values of total 

yield (15-16%), effective yield (37-43%), U (2.0 X IO-1 ’ hr'1), and K 

(1.6 x 10 H). The high Kg and low total yield are taken to indicate a diffi

culty in sulfate uptake by the cells. It was also found that the only sulfide 

produced was hydrogen sulfide.
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INTRODUCTION

The recent substantial increase in the use of fossil fuels has brought 

with it an increasingly urgent need to understand the associated air pollution. 

Of particular interest are the pollutants containing sulfur. The sulfates and 

sulfides in the air are a definite health hazard and cause a myriad of economic 

problems. A great difficulty in the study of ambient levels of sulfur contain

ing pollutants is accounting for the natural levels of sulfur i.e. the biogenic 

sulfide. The present study constitutes ar. initial investigation of Desulfovi

brio desulfuricans, as a representative of the sulfate reducing bacteria, which 

are perhaps the greatest producers of biogenic sulfide.7

The method chosen to maintain a population of D. desulfuricans was the 

continuous culture method perfected by Herbert, Elsworth and Telling/2The 

continuous culture provides for a carefully controlled population in a two- 

phase system (gas-liquid), a continuous supply of healthy bacteria, and for a 

simple repeatable sample taking method.

The gas samples from the culture vessel are analyzed by gas chromatogranhy 

This allows for a qualitative and quantitative study of the sulfide production 

of a controlled population of D, desulfuricans. Qualitative measurements were 

done to test statements made by Rasmussen^ claiming the sulfide emissions 

from bacteria to contain almost no H2S.

Although the apparatus used does not provide the actual conditions found 

in nature, it does provide accurate measurements of D. desulfuricans contribu

tions to biogenic sulfide. Future studies may now be done, measuring the total
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contribution of the sulfate reducing bacteria to the entire sulfur pollution 

problem.

APPARATUS AND METHODS

ORGANISM

Desulfovibrio desulfuricans (strain 8303) was obtained in freeze-dried 

form from Dr. James M. Akagi at the University of Kansas. It was innoculated 

directly into stoppered bottles of the cysteine containing batch media (des

cribed in Media), and generally began growth in eight to ten days. After this 

initial period, the batch cultures were maintained weekly by making 1:4 dilu

tions into fresh media. These large initial innoculations, as recommended by

(4)
Postgate , were found to be necessary to avoid excessively long lag periods. 

1:10 dilutions were made when innoculating the culture vessel. The pH of 7.5 

was extremely important because growth would cease in the acid range (Akagi).

D._desulfuricans is known both by its ability to reduce sulfates and its 

inability to fully reduce the media. Its main carbon source is lactate which

it reduces to acetic acid since it does not possess a functional tricarboxylic

. (5)acid cycle.

MEDIA

The media was mixed from the recipe in Table I, the pH was adjusted to 

7.5 and autoclaved for 30 minutes. A 0.6% solution of cysteine hydrochloride 

was prepared and autoclaved separately. *A 1:9 dilution of cysteine to media 

was then prepared in the original batch innoculum of the culture vessel.
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This was done to sufficiently lower the E, of the media to about -20Qmv, a 

strict requirement of the organism. It was assumed that once the culture be 

gan growing the production of H^S would keep it at the proper E^. EDTA does 

not seem to affect D. desulfuricans in concentrations less than 10-^ molar 

(personal communication with Dr. Akagi).

TABLE 1

Substrate gm/Liter molar

EDTA 0.0125 4.2 x 10“5

ZnSO^ . 7H?0 0.0110 3.8 x 10"5

FeSO,+ . 7H-0 0.0070 2.5 x IO”5

MnCl . 4H_0 0.0015 7.6 x io-6

CuSO^ 0.0004 2.5 X io”6

CoCl2 0.0007 5.4 x 10“7

MgSO/+ 0.144 1.2 x 10“5

CaCl2 0.00007 5.4 x IO-7

(NH^J.Mo 0 . 4H 0 0.00018 1.2 x 10’5

ft HPO . 3H20 0.228 1.0 x 10-3

ne4ci 0.300 5.6 x 10“J

Yeast extract 1.0
THIS 1.0

Socium lactate 3.o 3.1 X 10“2

Na2SO4 0.187 2.1 x 10“3

Mote: The media used in the continuous culture
apparatus was modified from Hutner’s mineral 
media and Starkey's media. (6)

For batch cultures an extra 3 gm of Na^SO^ and 0.05 gm of FeSO^ were 

added to the media. This produced a yellow iron precipitate which blackened



ag the organisms grew, acting as a growth indicator. This color change oc- 

cured long before a change in density in the flask could be observed. Two 

percent \2%) agar was added to the batch media to produce slants.

APPAEATUS

The continuous culture apparatus used was adapted from the syphon appar- 

(7)atus perfected by Kubitschek. The apparatus is built entirely from glass 

and rubber tubing. The feed media was supplied from a Maritte bottle which 

drew filtered replacement gas from a Teflon bag filled with ultrahxgh purity 

nitrogen. This is designed to keep the feed anaerobic and to introduce as 

little oxygen into the reaction vessel as possible. The flow rate into the 

reaction vessel was controlled by a small bore capillary tube, and the height 

of the-feed bottle. The reaction vessel was stirred by the carrier gas which 

bubbles through it. The carrier gas chosen was ultrahigh purity (99.99%) nit

rogen which contains less than 1 ppm oxygen. The gas was filtered through cot

ton filters and bubbled through sterile water to increase the humidity before 

entering the culture. The vessel was kept at a constant volume with a syphon 

overflow into sterile collection bottles‘discussed later (See Fig. 1).

The main problem encountered with this approach was to determine and ana

lyze all possible sinks for the HOS. The only two possible exi-fcj} for sul

fide are gas or liquid. The liquid contains sulfur in 3 forms: dissolved 

HpS, heavy metal sulfide precipitations, and sulfur actually incorporated into 

the cells. The principal metal sulfides are sulfides of zinc, copper, iron, 

and manganese. These are listed with pertinent data in Table II.
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Ambient displacement gas for 
feed bottle 
Filter 
Feed bottle
Capillary siphon control 
Culture vessel 
Carrier gas 
Filter 
Humidifiei’
Culture siphon drain 
Culture collecting chamber

11. Air displacement
12. Culture drainoff (gaseous)
13. Monitoring instrument

2.
3.
4.
5.
6„
7.
8.
9.
10,

SO,.

liquid flow gas flow

Fig. 1. Apparatus Schematic

N? carrier gas

V>{2S(g)+N'

1. dissolved sulfide 

bacterial sulfide

Fig. 2. HgS Flow Chart
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TABLE II

Sulfide Ksp Concentration

ZnS 1.2 x 10-23 3.8 x 10"5M

FeS 3.7 x io"19 2.5 x 10"5M

MnS 1.4 x 10”15 7.6 x 10“6M

CuS 8.5 x io"45 2.5 X 10“6M

TOTAL = 7.3 X 1O'?
moles/liter

Assuming steady-state conditions, almost all of the sulfate would be con

verted to sulfide and produce a sulfide concentration of approximately 4 x 10~^ 

moles/liter. Even if it is not taken into account that some of the metals were 

used by bacteria, these figures indicate that less than 1% of the sulfide was 

lost as metal precipitate. Some sulfur will also be lost in the cells them

selves, in the form of sulfur containing amino acids. Less than 0.4% of the

(8)cellular dry weight is sulfUr therefore this loss is also negligible.

The other loss of sulfur, dissolved sulfide, is caused by the inability 

of the nitrogen carrier gas to flush all sulfide from the liquid phase in the 

reaction vessel; and, in certain cases, it can cause significant loss.

The amount of H^S left in solution under equilibrium conditions is deter

mined from Henry’s Law:

where:

Pgas

P s = partial pressure 

Kft - Henry’s constant 

liquid ~ m°le fraction

: KHXliquid 

of the gas

in the liquid

A mass balance equation for the sulfur was first written for the culture 

vessel:
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1 = r - <C.,F- >-<F G )-(Y) . 
dt 1 1 S g

where: r = production rate (moles H2S/hr)

= concentration in liquid (moles/'liter)

= flow rate of liquid (liters/hr)

F_ = flow rate of gas (liters/hr)o
C = concentration in gas (moles/liter) 
s
I = precipitation and cellular loss (moles/nr) 

C1F1 = loss (moles/hr)

= gas loss (moles/hr).

(2)

Since: C = H2S 
g ET

(3)

.and %S = Vliquid.
(4)

Then: C_ = ^H^liauid
S BT

(5)

The mole fraction is, of course, moles of H2S over the moles of all other

liquid in the vessel (- moles of H20). Therefore:

v moles of HpS/liter of solution
liq Total moles/liter of solution

(6)

_ C^M.W. H?0

H_0
P 2

The concentration in the gas phase then becomes:

. . Kp . MWH,0 .
g °1 • HT “go

P 2

(7)

Y (the other losses) is considered insignificant and is dropped from the ori

ginal equation giving,

MWHpO
TCJJp 2
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Since the system is assumed to be in steady state:

.and the final equation becomes:

c1 = r____________

P MWHO
*1 + % (— ----- 2_)

° fiT H_0 7 
P 2

Henry’s constant was determined from the data of Selleck, Carmichael and
(9)

Sage ‘ according to the procedure outlined in Appendix I and found to be 

equal to 871 atmospheres. The equation was then used to compute a table of 

C1 values for varying values for F,, F , T, and r. This table (found in Ap- 

pendix II) can be used with the K,>S wet test described in Methods to monitor 

dissolved H0S in the system. Under most of the values encountered in our study 

the dissolved loss is insignificant when compared with the gas loss.

STEADY STATE AND ANALYTICAL PROCEDURES

Samples drawn from the culture in the syphon overflow were examined by 

several parameters. These were total cell count, dry weight of cells, dissol

ved H2S, optical density, flow rate, and culture purity. Sterile sample col

lection tubes were fitted with ground glass connections to insure an airtight 

seal with the culture. The tubes were also fitted with tubing connections 

which allowed for displacement of the gas as the tubes were filled. This con

nection also allowed the air inside the collection tubes to be exchanged with 

nitrogen to prevent the sulfide from oxidizing. Total, cell count was done on
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a Petroff-Hausser bacteria counter (C.A. Hausser and Son, Philadelphia, Penn.) 

(8)according to Collins.4 The cells were stained with methylene blue prior to 

counting as this was found to be superior to direct observation. Cellular 

dry weight was determined by filtering a suspension of cells through a pre

weighted 0,45U type HA Millipore filter (Millipore Corp., Bedford, Mass.).

The filters were then dried for 24 hours at 50° C under vacuum and weighed.

All weighings were done on a Mettler 3-6 balance.

Dissolved K^S was determined by the methylene blue method perfected by 
( "* o

Jakobs, Braverman, and Hochheiser. Reference solutions of aqueous H^S

were prepared from sodium sulfide. These and two samples of the unknown solu

tion were added to a sulfuric acid and N, K-dimethyl-p-phenylenediamine solu

tion. A small amount of ferric chloride solution was then added and the op

tical density of each tube was measured on a Varian Techtron Scanning spectro

photometer. A curve was then plotted from the reference optical densities, 

and the concentration of K^S in the culture determined. During the procedure 

all solutions measured were protected from oxidation by the air.

Optical densities of the culture were determined on a Bausch & Lomb Spec- 

tronic-20 spectrophotometer. Periodic streak plates were done on agar plates 

to look for anaerobic and other contaminants. These plates were incubated 

both aerobically and anaerobically.

In order to compute the doubling time and U^, a sterile sulfate solution 

was innoculated into the growing sulfate limited culture and the feed flow 

stepped. Samples for optical density measurements were then taken aseptieally 

from the culture, measured and discarded.
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EMISSION MEASUBEI'IENTS

Samples of the carrier gas after it had bubbled through the culture were 

examined by gas chromatography at Argonne’s Gas Chromatography Laboratory lo

cated in the Chemical Engineering building. The samples were collected in 10 

ml glass loops of the design shown in Fig. 3.

When not being collected for sampling the effluence was routed through a 

bubble flow meter and exited to the atmosphere. Teflon bags were substituted 

at times for the glass loops when large volume samples were required (as for 

the methylene blue H^S wet test).

When samples were taken in the glass loops for gas chromatography study 

they were first immersed in liquid nitrogen for 10 minutes to solidify or liqui 

fy any components in the loop other than the nitrogen carrier gas. The loop 

was then opened to an evacuated manifold which drew off gaseous nitrogen. Af

ter a third evacuation of nitrogen from the loop, the loop was allowed to wans

to room temperature, and flow through the gas chromatograph. The gas chroma

tograph column was 1.5 feet of 3/16 inch stainless steel tubing filled with 

Porapak Q-S porus polymer beads. The column temperature was 40°C with Helium 

as a carrier gas at *4-0 ml/min. '4 thermal conductivity detector was used with 

filaments at 220 ma bridge current/^nd 12 volt D.C. power supply. The output 

was routed through a 1 mv Honeywell strip chart recorder. Calibration mixtures 

of H^S and methyl mercaptan were prepared from lecture bottles (Matheson, Inc.)

li

4 - way stopcock



The problem encountered with this procedure was the retention of water 

by the cryogenic technique. Since the carrier, nitrogen, had passed through 

the culture vessel, it acquired virtually 100% humidity. Therefore, a sig

nificant amount of H„0 vapor did pass into the glass loop. This resulted in. 

a large H20 peak with extensive tailing. The H?O peak, however, did not in

terfere with the HpS or mercaptan peaks. A porapak T column would probably

(ll)eliminate this water problem altogether.

RESULTS AND DISCUSSION

D. desulfuricans was grown in continuous culture at various growth rates 

based on the following equation:

U = D = £ ’ (1)

where: U = the specific growth rate,

D = the dilution rate,

F = the flow rate,

V = the volume of the culture vessel.

The doubling time is determined from the following equation:

m _ lS2 
1/2 ' U (2)

where = doubling time.

The culture was kept growing for 15 days and during that time no sign of 

contamination was observed. The data from this period (11/17/75-12/2/75) is 

given in Table III.

irom the valid data collected in this study, four very important conclu

sions can be di’awn. First, D. desulfuricans can be accurately and easily 

monitered via the continuous culture method. Secondly, it was found that
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D« desulfuricans has a relatively low yield ratio of cell, mass to SO^; and, 

thirdly, the 5C value (SO, concentration to give 0.5 U ) is very high. The 

yield constant ¥• is, of course, a direct result of the high Kc» And, four-M

thly, the only sulfide produced was H^S.

TABLE III

u 8 x 10~2hr-1 6 x 10"2hr_1 2 x -?10 ]
% umax 4o% 30% 10%

Dissolved substrate l h.ich x 10-3M 1.2 x 10"3M 1.3 x 10‘

Growth Yield Constant (Y)* 15% 16% —
Growth Yield Constant (¥’)** 43% 37% —

Dry Weight 0.035 s® 0.036 gra —
SO^ used 35% 45%

*y = dry weight of organisms/SO, available.
**y = dry weight of organisms/SO^ used.

The relatively low yield ratios in SO^ limited growth are no doubt partly

due to the fact that D. desulfuricans only reduces its carbon and energy source 

to the level of acetic acid. It is also possible, as will be explained later, 

that the organism has a difficult time assimilating SO^, and that this results 

in a high maintenance energy requirement. It was first thought that Y and Y* 

would approach the values of assimilation for oxygen limited growth in other 

bacteria, since SO^ serves the same purpose as oxygen (terminal electron ac

cepter) in the metabolism of D. desulfuricans. Values for Y reported by But-

( 2)
ton “ ' range from 1.2-1.8 which is in excess of our values of 0.35-0.45.

These values are much closer to the values reported by carbon limited growth.^5»l4)
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Our results are based on quantitative gas chromatography measurements of sul

fide as described in Methods and would seem quite accurate. The loss of H„S 

in the liquid was measured and was approximately equal to calculated value ap

pearing in Appendix I. This loss was insignificant in our study. This method 

also allowed for the production of gases other than H?5 such as methyl mercap

tan, but only H^S was found.

The Monad half-velocity coefficient, K , was determined from the data in s

Table III for the amount of dissolved substrate remaining in the media at 

various dilution rates. This value was about 1.6 x 10~^M and is much higher 

than expected. It is interesting, however, that the Kg values for certain 

amino acids are in the range determined for the sulfate Kg. The high K,, can 

possibly be attributed to the sulfate uptake mechanism of D. desulfuricans. 

Several authors have reported that SC^ does not freely penetrate D. desulfuri- 

cans and plasmalyzed cells cannot take in any S0;+. y It has been proposed 

that D. desulfuricans has an osmo-regulatory system concerned only with SO^ 

uptake; and this may be the site of SO^ reduction. '

It is possible that our apparatus did subject the strict anaerobes inves

tigated.. to oxygen inhibition, but highly unlikely. Oxygen could have diffused 

through the latex tubing of the feed bottle and affected the growth, although 

the nitrogen carrier gas and the reducing nature of the H2S being produced 

would make this extremely unlikely.

The last measurement determined was U , the maximum specific growth rate- max e °

Dmax was deter?nined by stopping the flow to the culture and injecting sterile

34



Na^SO^, Me then plotted the increase in dry weight against time to find Umav« 

The procedure also proved conclusively that our culture was sulfate limited.

rag

Fig. 4. U Plotmax

Td = 3.5 hrs.
K = 2,9 x 10 1 generations 

per hour
U v == 2.0 x 10"1 hr"1 
max

—1 -iThe value obtained, 2 x 10 hr or 3.5 hours is quite slow as shown in Table 4.

TABLE IV

Pseudomonas nutriegens 0.16 hours
Bacillus Stearotherraophilus 0.18 hours
Escherichia coli 0.35 hours
Bacillus subtilis 0.43 hours
Pseudomonas putiola 0.75 hours
Mycobacterium tuberculosis 6,0 hours

Future, more in-depth studies into the total contribution of the sulfate 

reducers may now be easily done using the continuous culture method. More 

complex studies of combinations of bacteria such as a sulfate reducer and

15



sulfide oxidizer would prove quite interesting because a condition closer to 

nature would be achieved. Hopefully, this initial study will prove to be a 

meaningful contribution to solving the now obscure biogenic sulfur problem.

16



APPENDIX I



DETERMINATION OF HENRY'S CONSTANT (l^)

Henry's Lav/

gas

where:

gas

^sras = Parttal pressure 
of gas above a 
solution

KH
<gas

= Henry's constant

= mole fraction of 
gas in solution

Dalton's Law

P = Y P 
gas gas tot

Where: P = partial pressure of
gas ma solution

= mole fraction of 
gas in gas phase

gas

^tot = total pressure of 
system

. ’. Y P,. gas tot V,
x

gas

Ptot = •

"gas
X

.herefore P^ was plotted vs. 3nd slope or ICr was calculated to be 871
gas "

atmospheres.
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APPENDIX II



COMPUTER PROGRAM GIVING VALUES FOR VARYING VALUES

OF F , r, and T 
g 1

The following program was written in PL-1, and therefore can be used al 

most universally. The output is read by finding the proper combination of 

T, F^, and F1 on the three right-hand columns. If an extended table is des- 

ired, the program can be easily expanded by expanding the various boundaries
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RECENT WORK WITH INSTRUMENTS COLLECTING DATA 
TO ADAPT THE URBAN AIP SHED PHOTOCHEMICAL

SIMULATION MODEL

INTRODUCTION

The recent thrust of the Air Pollution Group of the Energy and Environ

mental Systems Division has been to perfect the Urban Air Shed Photochemical 

Simulation Model (developed by Systems Application Inc.) for the Chicago met

ropolitan area. This involves monitoring pollutants, meteorology, and wind 

patterns both in and around the Chicago area for several months. For the 

model to be effective, background pollution levels must be collected from a 

rural area outside the Chicago metropolitan area. Therefore, my recent work 

has been collecting these background levels of 0^, SO^, CO, NO-NO^, and CH^ - 

total hydrocarbons. The instruments used to monitor the pollutant levels were 

in a trailer located near Braidwood, Illinois, approximately 42 miles south- 

southwest of Argonne National Laboratory.

The bulk of my work wa3 adjusting the zero and, by way of calibration 

gases and the permeation system, adjusting the span of the instruments in the 

trailer. The Model 400 Hydrocarbon Analyzer and Model 865 Infrared CO Analy

zer required the use of zer and span gases which were obtained from Linde Di

vision (Union Carbide Inc.) and Scott Inc. To calibrate the other instruments 

the use of the Bendix Model 8851 Dynamic Calibration System was required.

This system consists of a permeation tube oven, an czone generator, a reaction 

and a mixing chamber, and selectable dilution capillaries. Pre-weighed per

meation tubes, obtained from the National Bureau of Standards, are placed in
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the permeation oven where a clean, dry air was passed through the tubes into 

a system of capillaries, The output of the system was then connected to the 

instrument involved. The two instruments that were calibrated by the per

meation tube system were the Model 4.3 Ambient Level Pulsed Fluorescent S0^> 

Analyzer and Model 14-B Chemiluminescent NO-NO Gas analyzer. The ozone gene- 

rator was used In combination with the capillary system to calibrate the Model 

950 Ozone Analyzer. The zero of the Hydrocarbon Analyzer was obtained by pass

ing trailer air through a charcoal column, as was the ozone and SOg analyzer,

A problem with the SOg zero is that ambient levels are so low that brominated 

charcoal was suggested instead of using ordinary or rebaked charcoal. The NO- 

N0x zero was a problem that was obtained via two methods, which will be dis

cussed later.

INSTRUMENTS

CO ANALYSIS

The instrument used to monitor the CO levels was the Model 865 Infrared 

Analyzer (Beckman Instruments, Inc,). This instrument can be used to measure 

levels of many different compounds because the analysis is based on a differ

ential measurement of the absorption of infrared energy. The only limitation 

is that analysis must be limited to the determination of a single component.

The system consists of two equal-energy infrared beams which are directed through 

two optical cells, a flowthrough sample cell and a sealed reference cell,

Solid state circuitry continuously measures the difference between the amounts 

of infrared energy absorbed in the two cells. The difference is a measure of 

the concentration of the components of interest in the sample.

20



NO-NO ANALYSIS x

Thermo Electron’s (Corp) Model 14 Chemiluminescent Analyzer was our moni

tor of NO and NO^ levels. It is a recent development meeting the need for a 

mere sensitive, accurate, and continuous means of measuring NO, NC^ and N0x 

for ambient air monitoring. The chemiluminescent reaction of nitric oxide 

and ozone is the means by which the levels are recorded. The chemiluminescent

reaction:

NO + 0, - NO + O„ + hV

supplies light emission that results from the electronically excited N02 mole

cules returning to their ground state. Samples are blended into a flow reac

tor chamber containing 0^ where the resulting chemiluminescence is monitored 

through an optical filter by a high sensitivity photomultiplier positioned at 

one end of the reactor chamber. To measure NO^ the sample is diverted through 

to the NO^-to-NO converter, making N0^ levels proportionate to the chemilumi

nescence produced. The zero was initially calculated by attaching a column 

of Molecular Sieve (Fisher, Inc.) but this was found to be an inefficient 

scrubber. It was found a simpler and more accurate zero was obtained by turn

ing off the ozone generator which theoretically would cease all chemilumines

cence.

HYDROCARBON ANALYSIS

The Model ^+00 Hydrocarbon Analyzer (Beckman, Inc.) wras used to monitor 

continuously the concentration of hydrocarbons in the ambient sample gas stream. 

The analyzer utilizes the flame ionization method of detection. The sensor is
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a burner where a regulated flow of sample gas passes through a flame sustained 

by redulated flows of a fuel gas and air. Within the flame, the hydrocarbon 

components of the sample stream undergo a complex ionization that produces elec 

trons and positive ions. Polarized electrodes then collect these ions, causing 

current to flow through an electronic measuring circuit. The analyzer then 

provides a reactant of the electric current produced by these ions. Our sys

tem included a separate switching device enabling us to scrub all CH^ through 

a charcoal column thus allowing us to obtain CH^ and total hydrocarbon levels. 

The levels measured were then recorded at alternating 5-minute intervals on the 

Strip Chart Recorder (Heath Corp.}, six of which were used to record all meas

urements made in the trailer.

OZONE ANALYSTS

The Model 950 Ozone Analyzer (Beckman Instruments, Inc.) continuously moni 

tored ozone levels. The basic operating principle involved in this instrument 

is the chemiluminescent gas-phase reaction of ozone with ethylene. The light 

from this reaction essentially triggers a photomultiplier detector which gene- 

rates a low level d.c. current which is amplified to read out on the front 

panel. The instrument is quite similar in theory to the NO-NO^ instrument.

S02 ANALYSIS

SO^ was continuously monitored by Model 4j5 (Thermo Electron, Inc.) Pulsed 

Fluorescent S0? Ambient Air Analyser. It is a self-contained, highly-sensi- 

tive instrument based on the fluorescent reaction of SO? and ultra-violet radi
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ation. The pulsed flourescence theory has made possible a sensitive, highly 

specific, and interference-free instrument for monitoring SCh on a long-time 

basis.

CONCLUSIONS

The measurements obtained by the various instruments I worked with had 

not yet been evaluated at the time of the writing of this paper. Various 

steps must be taken to reduce the data .from the original strip chart recorder 

form. Hopefully, though, the measurements taken at Braidwood did fulfill the 

requirement of the computer model for accurate background pollutant measure

ments.
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