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EFFECT OF PHYSICAL FACTORE ON BOTH THE PHCSPHOLIPYXD AND FATTY

ACID COMPOSITION OF THE MARINE BACTERIUM DELEYA MARINA

MARIA ESTELA RIVEROS MEAURIO#®

ABESTRACT

The purpose of this research is to study the effect of
temperature, salinity and pH on the lipid composition of marine
bacterium, Deleya marina. The synopsis of the physical propérties
of the 1lipid was presented and they may behave under different
environmental conditions was discussed.

Cultivation of temperature was varied from 10°C to 34°C. The
pH of the medium was varied from 6.5 to 8.8. The salinity of the
medium was also varied at levels from 0.5 to 4.0 times the con-
centration of sea water.

The main phospholipids found in Deleya marina were phosphat-

idylethanolamine (PE) and phosphatidylglicerol (PG) and others
unknown lipids. The major fatty acids of PE and PG were saturated
(16:0 , 18;:;0) monoenoic (16:1 , 18:1) and cyclopropanocic {17:0
,19:0) acids,

Not only fatty acid composition but also phospholipid compo-
gition of the menbranous lipid from the bacterium Deleva marina,
is affected by physical factors such as cultivation temperature,

salinity and pH presented.
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INTRODUCTION

Bacterial fatty acids usually consist of simpler saturated
(SFA) and monoenoic (UFA) components but also contain odd-num-
bered branched chain and cyclopropane acids (CFA). Also polyun-
saturated acids have been found in the lipids from some bacteria
and marine organisms. Fatty acids with an odd-numbered of carbon
atoms occcur in significant amounts in many marine organisms, too.
The marine bacterium, Deleya marina is gram negative, and charac-
teristic in cyclopropancic fatty acid content.

There has been a big question that "“How microorganisms
adapt themselves to the environmental changes ?" There were many
reports about the relationship between FA compesition and physi-
cal factoré, or physicochemical property of PL and physical
factors, or PL composition and physical factors.

| Temperafure dependeﬁt change of UFA/SFA ratio has been known
well., The inérease of UFA/SFA ratio at ldwer temperatufe is
leluéidated as the microbial adaptation for the maintenance of
membrane fluidity ( Wada, '89 ).
' Salihitf'deﬁendenﬁ éhahge of CFA composition was also re-
ported and discuésed in the view point of the lipid phasé regula-

tion ( Monteoliva-Sanchez, M. '88 ). As to the physicochemical

— 201 —



propexty of phospholipid ( PL ). The effect of pH was considered
as the effect of hydratation/dehydratation of the lipid group.
The effect of cations condensing effect was also discussed
as to the change of PG/PE ratio by divalent cations such as Mgz+
and ca®*. The change of PE/PG ratio was reported as temperature
condition was varied. But the result and considerations were
isolated and seemed to be fragmentary. Then we tried to set up
the unified view of these knowledges about the relationship

between the lipid composition and environmental physical factors,

EXPERIMENTS
‘CULTIVATION OF THE BACTERIUM

The first step of this rgsearch work consisted in fhe prepa-
ration of the medium for cultivationA. |

We have basicéliy used the ﬁedium aé foilows: glucese 1%
polypeptone 0.13% yeast extract 0 0 2/ in artlflclal sea water.
The pH of the medlum was adgusted by addltlon of 1N HCL or lN
NaOH before sterilization.

Small fluctuations in pH were corrected by the addltlon of
AN HCL or 1N NaOH to malntaln the pH at the requlred optlmum
level during the fermentatlon process

To study the salinity effects the samples were dlstrlbuted
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in 500 ml a shaking flask and the salinity was varied from 0.5 to
4.0 times the salt concentration. The incubation temperature was
at 22°C and agitated at 200 rpm.

Temperature and pH effects were observed using a 5 lit. jar
fermenter the agitation speed was 500 rpm . The pH and the tenm-~
perature conditions were varied from 6.5 to 8.8 and from 10°C to

34°C, respectively.

LIPID EXTRACTION

The cells were harvested by using centrifugation at 700 rpm
for 15 minutes at 4°c. Whole cells were washed with about 100 ml
of 0.9% NaCl solution ( once ) and centrifuged again then they
were decanted. The sample was bleﬁded with 50 ml of chloroform -
methanol {1:2) and 20 ml glass.beads and they were disrupted at
100 rpm for 5 minutes at 4;C in a homogenizer { model NISSEI - AM
7 )Ythe blended material was filtered in a vacuum and the solid
remaihing was resuspended in chloroform - methanol (1:2) and was
homogenized again this procedure was carried out twice.

The combined filtrates were transferred to a ¢ylinder, water
was added and the mixture_was shaken thoroughly. The agueous
supernatant was drawn éf by aséiration, and the seclvent was
removed on a rotary vacuum evaporator with water bath ( model BM
- 42 }. The bacterial cells were reconstituted with a few drops

of chloroform - methanol (1:2) and transferred to a clean minivi-
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al suitable for evaporation so the solvent was removed by evapo-
ration with a stream of nitrogen . The 1lipid extracts obtained

were stored until analyzed.

QEPARRTION OF PHOSPHOLIPDS FROM THE EXTRACT BY TLC

The sample to be analyzed was reconstituted with a small
amount of chloroform -~ methanol (1:2) and then spotted at the
bottom of the plate and the plate then placed in a tank contain-
ing the eluting solvent (chloroform - methanol - water 65-25-4
v/v) TLC plates used were 0.25 mm in thickness & 20 cm X 20 cn
square pre coated with silica - gel without fluodrescent indica-
tbf. Thé sdlvént mb#es hpythe plate by capillary action. When it
nears the tops of the plate the plate is'rémoved from the tank

and dried to removed the remaining water.

Lipids became visible as brown spots after the plate is left
for a few minutes in a tank of iodine vapor. After that the
plates were sprayed with a solution of H,80, 13% and CusO, 3%
and the lipids were visible as a dark brown spots by heating the
plates at 140°C for 10 minutes. The spots density were measured

with a Shimadzu chromato scanner CS - 930.
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OBTAINING OF PE & PG EXTRACT AND DCH

“ Lipids extract obtained was reconstituted with 300 microli-
ter of chloroform’ + methanol (1:2) and is spotted in line at the
bottom of the plate. After finishing the chromatography process
the plate is removed from the tank and dried with a stream of
nitrogen and left in a tank of iodine vapor until the lipids
fraction became visible to observant eye.

_After that is:removed,oﬁ.the ténk'and with a pencil is
marked the PE & PG fraction outline.
Then were made.the ﬁpliowings steps:
1= Scraping,of_theﬂplate,_the PE an@IPG fraction were_trans—
ferred to a conical flask
2- The sample was bleﬁded with 30 ml of chloroform -~ metha-
nol (1:2) and mixed again in the ultrasonic bath fér a few
minutes. |
3~ The were filtered using funnel and'filter péﬁer;
':47 Evaporgtion of the solvent with rotary vacuum evaporator.
 _i5f2Aft¢r evaporation was added a few nl c;i‘:"_chl<:>1:¢:>J‘Ec:rm-tne_ztl'_la.-w
nol (1:2)_aﬁd trangfe;red into minivials suitable for_eyapgr&tion
with a strean oﬁ_nitrogen. | |
6- The PE and PG e%tract_obtéined frpm pH and temperatg:e
 >expe:iment:wergablendeqvagain with 190 microliter of chloroform-
:.methanql;ﬁl:Z)ﬁThey'werg putlBO_microliter in the standard a;umiw
num sémpie'pahs which were weighed before putting the sample.

After drying with stream of nitrogen they were blended with 5
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microliter of water and 5 microliter of glycerine. The aluminum
pans were sealed and measured in the DSC 7 differential scanning

valorimeter to observe the phase transition temperature.

'RESBULTS AND DISCUBSION

Deleya marina possesses relatively simple lipid composi-
tion. (¢ C Burguete). Phospholipid were the major lipid, with
small amount of neutral lipid.

The FA composition of the neutral lipid was almost the same
as phosphblipid. Therefore,‘we considerdéd only phospholipid in

this report.

EFFECT OF TEMPERATURE

The figure 1 shows the effect of temperature on growth at
gach temperature. As temperature was raised the growth becanme
faster. The 1lipid were extracted at the stationary phase.

The figures 2 and 3 show the effect of temperature on FA
compositiohs of PE and PG respectively. The lines are Regression
lines. As temperature was raised, CFA and SFA were increased and
UFA was decreased. Correlation coefficients are 0,98-0}99 ( SFA &
CFA ) and - 0,98 (UFA).

PE and PG showed the similar change.
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The figure 4 shows the effect of temperature on PE/PG ratio.
‘The line is also the regression line, correlation coefficient is
0,76. Then, we may say, as temperature is raised, PE/PG ratio

‘decreased.

DISCUSBION

. These result goulé be elucidatéd as follows: As temperature
is‘raised,ldesafurase is'inéctivated, and C?A_synthetase is
activate. Thgy, main phase transition temperature (Tm) of both PE
and PG are increase. On the other hand, PE/PG ratio is decreased.
Therefore, as a whole,'Tm of the meﬁbréne.is_kept_cqnstant.

Previously, to elucidate the increéée'in PE_amoupt, Th
(lamella to hexagonal II phaée transition temperature) iowering
effect was diécﬁssed. However, we think that Th is insufficient
for the elucidation of thése resuits, because (1) Th is far above
the experimental temperature, {2) FA composition is not included

in that elucidation.

EFFECT OF BALINITY

The figure 5 shows growth curves at each salinity.
Salinity is expressed as relative value to the standard concen-

tration, 3.3%, Temperature was kept at 22 ¢. Initjial pH was 7.8.
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The bacterium seems to be grown well at lower salinity. But at
0.2, growth got worse and at 0, no growth was observed,although
these data at the lowest salinity is not shown here.

Lipids were also extracted at the stationary phase. The
figure 6 and 7 show the effects of salinity on fatty acid compo-
sition of PE and PG, respectively. The lines are regression
lines. Correlation coefficients of SFA, UFA, and CFA are 0.69 &-
0.42 & 0.35, and 0.76 & 0.72, respectively. although correlation
coefficients of UFA are relatively low, we say that FA composi-
tion is affected by salinity of the medium. Besides, PE and PG
show the similar results,

The figure 8 shows the effect of salinity on the PE/PG ratio
that is decreased as salinity is!increased.Correlation coeffi-

cient is - 0.76.

DIBCUSBION

~The FA composition was changed to lower the Tm. The true
meaning of this charge is not known. However, by the so called
"cation condensing effect", Tm of PL, especially Tm of PG is
greatly raised at higher salinity. Then, PE/PG ratio decreasednét
higher salinity, and Tm. of membrane was assumed to be kept con-

stant.
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EFFECT OF pH

The figdre 9 shows the effect of pH on growth. pH and salin-
ity ﬁere-kept at 7.8 and 3.3%, respectively. Significant changes
in the content of any fatty acid as a function of pH were observ-
ered in Deleya marine.ﬁipid were extracted at the stationafy
phase. R . |

The iigufe 10 and 11 shbw the effect of pH on FA composition
of PE and‘PG rgspect;vely, Theklines are the regression lines. It
showed”the_slight iﬁérease of CFA and sligﬁt decrease of SFA and
no change of UFA. However,_éorrélation coefficients of SFA, UFA,
‘and CFA are -0.2, -0.21 & ~0.1, and 0.68 & 0.23 respectively,
then we may.say that FA composition was not affected by the pH
condition of the medium. PE and PG showed the similar change.

The figure 12 shows the effect of pH on PE and PG
ratio.qurelation coefficient is 0.95;

The PE/PG ?atio is decreased when the pH 1s lowered.

DISCUSBION .

The éfféét'éprH'On FA cdmpdéition:ié small. Ihsteéd,'és
previously reported, ﬁhdspﬁate'part of PL was partly protonéféd
and dehydréted, thus, Tm was raiséd;'as pH was lowered by in-
bféésiﬁérpH} §hbéphété'ﬁartrwas'idnEZed:and.iikéIY'to bé=hydrat_

ed, and Tm was decreased. Then, PE/PG ratio decreased at lower pH
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and increased at higher pH and Tm 0f membrane was assunmed to kept

constant.

Tm ANALYB8IS BY D&C

To certify our consideration about the results, nmeasurement
of Tm is necessary. Typical results is shown in figure 13, as
peaks of the phospholipid is small and broad, and appers quite
near to the large H20 peak, it is difficult to determine the main
phase transition temperature (Tm). Therefore we are continuing

this work to overcome some difficulties in Tm measurement.
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Scheme 1. Experimental - Pra'cédure'

I, Cultlvation _of the bacterlum
| b |
Lipid extraction
Il. Phospholipid __analysls by TLC-densitometry _
| o -
Separation of PE & PG

Hi. FA analysis by GC (IV) Phase transition temp.

- determination by DSC

Scheme 2. Cultwatlon Condmons
ODeieya marina  (ATCC 253?4) Gr.neg.

& Madium composltlon

Glucose - 1%
Peptone 0.1%
Yeast extracts -0.02%

Artificial. sea water 1L
‘¢ Physical factors of culture
| Temp pH ‘Salinity
4310°C~34°C 7.8  1(ca.8.3%)
- eb 22°Cc  7.8(nit) 05~4.0
,Qa 22°C 64~88 1

4 5 L Stirred tank, 0.5 VVM, 300rpm
b 1 L Shaking flask, 200rpm
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Abstract _ S

The present final report includes the following: In the
first pérﬁ, estudies of cause .abaut water pollution, in the
seéund part water samples of 1lake, river and sea, and their
analysis -@Hemical. respectively, in. the last part the waste
water treatment.
INTRODUCTION . o |

Mankind began to_inflﬁence nature actively from the time
‘when various forms of primitive 'inGUStries including .. the
agriculture, weaving and_the.manufacture of .metal tools.were
started several thousand years ago, but from the time of the
industrial revolution which. took place some 250 years ago,
mankind étarted to influence its environment more actively
than éver before. The development of the coal mining industry
and the invention of the steam engine have accelerated "the
growth\ of wvarious industries; which on :the other hand have
_contfibuted not only to the improvement  in- de quality of the
life of mankind but also to the rapid increase of population.
Such rapid . growth of industries since the industrial
revolution has- been _conspicuously:.influencing the natural
enyironments-but we have preoccupied with endless pursuit of
the abundance -in our daily living supported by the modern
industries and did not realize ‘that the knowledge of sciences
and technologies should have been used for theuconservation of
the natural.enviroﬁment‘ Rather} the people who have lived in
the age of the rising industrialization, were proud of - the
black smoke rising into the air from stacks of the factories
as .the symbol._of»‘ther prosperity of the community or the
: countfy, -Today, However, thé_increase-in the world population
with the progress of civilization has been so.great that it is
déscribed as the population explosion, and such. as the
shortage of food supply in.cities. The world environmental
pollution by . the industries_in'many countries has emerged 1in
recent years as the problém that .calls for :action by the
~individual countries - from intefnationalu-standpoint;-*Because~-
there are no natidnal bhoundaries  when environmental pollution
or destruétion are=progres$ing gradually throughout the world.
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Water Péllution Sources

water pollution 'is a phénomenon that ‘is charaCterized by
the deterioration of the-quality of land water (rivéré; 1akes,
and -ground water) or sea ‘water as a result of various human
activities. Pollution which is currently in progress in our
 modern society industries such as mining, agriculture, sfpck
breeding, fisheries, forestry, urban human 'actiﬁities;
manufacturihg industry construction works and various' tertiary
~industries. i} ' 5 B
Classify waste water according to their physical and chemical
properties: ‘

1- water pollution by minihg_industry:
The characteristics of" waSte water from mining industries
varies greatly depending on the king of mine for instance.
a)metal mining indastry
bl)coal mining '1ndustry
c)sulfur—mine '
d)petroleum and natural gas drilling
industries ' i
e)stone-quarrying and clay- supply industries
2-water pollution by agriculture: _
Agriculture has been ‘eviction ~of water pollution in many
instances. But sometimes, it is alsc responsible for pollﬁting
water. Water pollution caused 'by agriculture is mainly and
outcome of ' fertilizers and agricultural- ‘chemicals such as
insecticides and herb1c1des ' '

a) Water pollution by ‘fertilizers:fertilizers given to
crops are not-always fully consumed, and peat of it remains in
the 'soil by being absorbed by soil colloid;'and influence the
quality 'of underground, rivers, ‘and sea water when it is
dissolved. o - | o

b)- Water pollution by agricultural cheémicals: of de
agriculture chemicals developed in thé'past, many of them-are
prohibited being used because of.toxitity. : '
Nevertheless, those -remaining ‘in the--environment arée- still
fadtorS'that country to envirbnmental'poliution. In addition
to above-mentioned pollution, there -are “instances of water
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pollution caused by indirect effect .of agricultural
activities. ' ' |

3-Water pollution by stock bréeding and fisheries:
When cattle or house are fed on a big pasture, there is little
possibility of the livestock causing water pollution because
their excretla area spread wideiy all over ‘the Dastufeﬂ
However, when livestock is fed intensively in a limited area
it causes a number of problems.

4-Water pollution by urban activity:
mﬁnitipal waste such as waste water, human waste, household
waste, waste gas and waste heat are the causes of water
pollution. the type of water pollution in city varies largely
depending on the characteristics of the city, life style of
inhabitants, degree of civilization, degrée of development of
sewage treatment plan plahts_or sewerage syétems.

5-Water poliution by manufacturing indhstry:
0f water pollution with which human activities are concerned,
the maﬂufacturing industry is the\largest in scale, and most
diversified. The charactéristics of the water pollution of
manufacturing industry can be summarized as follows: a) Unlike
the mining industry and agriculture, the discharging condition
of waster water from manufacturing industries is relatively
simple because it is rarely affected by complicated conditions
of the natural environment. For example, waste water of the
manufacturing industry is discharged concentratively from a
fixed outlet, which is called "point source pollution.™
Besides waste water from the manufacturing industry is
generated as a result of the production activity which is 100
% ‘artificial, and +thus the manufacturing industry can ber
considered as the source of water pollution which is mdst'easy-
to catch and control in this point. '

'b) Source of water pollution from manufacturing industry
are relatively easy to trace back through scientific method,
but their control is not always easy because it 'involves
complex social.-and political- pfoblems} -~Furthermore, -tracing
sﬁch;point sources of pollution is not always easy because the

interests. of individual manufacturing companies can be
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alffected by pollution controi measures.

c) In contact to the relatively simple form of
discharging process, the composition and quality of waste
water vary widely depending on the type and scale of
individual factories, change from time to time, and its
influence also takes a variety of fTorms.

d) The influence of waste water on the environment
varies depending on the geographical location of the factory.

) I- In the case of an industrial conglomerate or large
scale industrial complex: the influence of waste water on the
environment is extremely large, but as Tar as such
manufacturing facilities are concentrated in one area based on
the results of careful environmental assessment, waste water
from these facilities can be controlled in the_most ideal

1I- In case Tactories are located in commercial or

residential areas of a city: the location of this type is
primarily undesirable. Actually, however, there are a number
of such cases because of historical reasons, or geographical
advantages concerning the purchase ot raw materials,
tranéportation of products, or access to the labor market.
In Japan, Jlocations within easy access to the source of
industrial water are decreasing in these areas. As a result,
factories that recycle water are increasing:; small scale
manufacturing companies establish cooperative associations and
are promoting the construction of joint waste water treatment
facilities.

I1I- Location of the manufacturing factory 1s whether
mountainous area, plain, or costal region is also and
important factor to be considered in assessing the influence
of waster water on the environment. Especially, in the case of
a water-consuming type of manufacturing industry, its location
has to be decided depending on accessibility to an industrial
water source. On the other hand, the condition of the factory
has to be discharged also has a great influence on the form
.and .type .of environmental pollution. S S e e e

As discussed 1in the foregoing, the composition of

industrial waste water is complex, and 1t varies largely
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according to the difference in the manufacturing process even

among the same type of manufacturing factories. furthermore,

the manufacturing industry is constantly subject to the limpact

-of technological innovations which occur at increasingly short

intervals.

Quality of Waste Water According to the
of Manufactory Industry

Quallty of
Waste water

. . . . Quancicy R o
Type Induscry - B.O.D 5.5 PH af wast Cther
water o /d

1.0vganic.iilgnh
concentration

Tood procasilng

procezsed madt products 300-600 100-150 7 50 - 100
" marine ” 200-2000 150-1000 ¥ - 8.5 200 - 5000
B agrlculroural 200-G00 120-200 i - 12 50 - 800

progucts.

{canned gouds.plckles etc)

Bear 500-2000 25D0-1000 8 - 11 $000-10000

Cooklng 011 150-1100 100-300 1 - 17 §0 - 200

Starch 50— 3090 3000 6 - 8 © 100 -1000

Chomical Industry

Anfmal ungd Vegetal Of1} 100-2000 400-800 4 -~ 9 100-2000
and Fats, :
Drug B ) 40-2500 200-600 2 - 11 1000-3000
Pulp . P/LY Pulp cob
Eraft pulpl{KP} 3Ie0-700 40-80 T -9 150-300 S00-1500
Sulfite pulp(SP} 300-500 50-300 3.5-4.5 150-500 500~1600
Semi-Chemical Pulp{SCP]) 500-2000 200-600 3 -7 100-150 10005000
11 Organic, low ! Food )
concentration Dairy prodvcts pollshed 50-350 70-150 5.6-11 1060-5000

crops And flour

Textile

Cotton,.Spinning 150-200 6G-800 3.5-9 100-1000
Dyelng and adjusting 10-350 . 20-250 | 390-200

Paper wmaking 150-260 250-600 . 8-2 £00-2000

Chemical.Lnaustry
Orgeanic industrial
products N 100-300 20-150 1-13 5D-500

Petrolsum

Recycling of waste ©i | 20200 300-500 2-8 10-50
20-200 20-100 1-13 water
draing in
10000
barrals/
day 20000
B3
Pulp
Ground pulp{GP) 1900-150 30-40 6.5-7.5 30-400
homa laundry : 90-410 140 8.7~ ofil cont
11.5 110
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Table 2

111 Organic,

Leathar

watter{contain tanning and dyeing BO-2500 65G-3000 T-12 A0-600 Cr and S
1ng toxic
substanges} -
Iron makxing
blaxt furnace pig iron B000-4000 9-93.5 CN, & ,NH,
IV lnorgnnlc Chemical industry
ordinary waste Chonical fertilizers | =~==~==-- 50-150 1-4 100~1000
watar inorganic industrial = | —--m---- 1000~-20300 1~3 500~-2000
products
Ceramfic,porcelain clay and
quarrying industries
Glaxs 20=-70 150300 7-8 50-5000
concraere progucts ——- - 150-500 | 9-14 100-300
Xron Marking 011 water
Steael-wmaking and rolling contant of 500-1000 3-8 7-12 LOoEp.
cold 40-60 C
. . rolling
iron making by blast 003000 78 10-15
furnace .
¥ Inorganic Nonferrous metal Haavy
matter{contain Primary rafining 0| ~--m-em—- 500-3000 6-8 10006+-3000 Metslz
ing toxic
susbrance)
Metal products CH20-200
eclectroplating —m e e ) 1=2 10=100 Cr4d-150
Cu40-150
Chemjcal Industry = | -=--==-== ] —~m—m—-= | ———- ———— Hg

Electronig Caustic Soda
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Mayor Causes and Source of Water Pollution

CAUSE

' SOURCE ( INDUSTRIES AND OTHERS)

B. 0. D . Content
{organic matter)

1 Food: processing industry{canned

‘paper industry, municipal sewerage,

goods,meat and dalry product
processing,marine product
processing, starch
proce551ng)brewery sugar making, wool
processing(wool wasning) puly and

night soill treatment plant.

Suspended solids.

Uss )

|.industry, mining industry.

(organlc 58) food proce581ng paper
and leather ]ndustrles, coal
washing, municipal A

sewerage. (inorganic 8S) ceramic
1ndustry, gravel yard, quazrylng

"0il and fats

| Food proce531ng, petrochemlcal, iron

'wool processing (wool washlng)

and. steel making, metal: finishing, -

1ndustr1es

Acids or Alkalis

'1ndustr1es

Mlnlng paper making pulp,
electroplating, metallurgical,
chemical, textile and leather

Amonia

”Gas and coke plants.

Phenols

rGas and coke plants synthetlc

resing and other organlc ‘chemical
1ndustr1es D

Sulfides

| pulp and’ gas. 1ndustrles, seWagé

treatment. plants dyeing .ang 1eather
industries.

Color

tratment plants.

Dyestuff manufacturing, dyeing,
paint manufacturing. leather,
chemical, industries, night soil

odor

Chemical, pulp, marine product

processing, meat processing, sugar
making, leather ‘industries, sewage

“Detergent -

(surface active

agent)

Municipal sewage “textile industry;’

and. night soil treatment plants.

1 High- Lemperature'

water

laundry.

Steam and nuclear power piants.
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Water Pollution Control:

The pufpose of waste water treatment is to o¢btain c¢lean
effluent by removing the pollutants from the waste water, or
by decomposing the pollutants in the water to make them lose

their properties as pollutants.

Measurement of Water Pollution: -

factory effluent and public water such as rivers, lake and
sea water, tlhe technology of water pollution measurement has
been remarkably advanced by the recent development and
expansiocn of various analyzing device, which have resulted in
the success of the rapid and energy-saving processes cof
improved precision, It goes without saying that it is
necessary to adopt advanced sophisticated methods. At the some
time, it is necessary to be always aware of the scope together
with the range capable for application as to the proper
judgement for the use of methods.

Sampling:

Of factory effluent is made at drains or at a paint where
sampling of water having a similar quality possible. In case
the drain runs into a wasleway, a watergate. is constructéd to
prevent the river water or sea water from flowing upstream and
tounifi the quality of the water whereby the Tlooding water is
sampled. It is necessary to adopt a method of sampling in
accordance -with the geographical and climatical environment of‘
each country.

Rivers: )

The 1investigation must made including the periods or
seasons
when the. volume of water is small 'ahd when irrigation (or
other water utilization)is being carried out it should be the
time when the water quality is stable after a long spell 6f
fine weather.
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' Places of sampling include:

Irrigation or other water utilization points, a point
fully mixed with polluted water inflow and the point before
its inflow, a point Joined and fully mixed with the branch
stream and the point before”its infiow, a point joining with
running water, ;and a referénCe point used as the point to
maintain the . environmental reference and to grasb the
_cbhdition of achievement, etc. _ 3 _

The sambling must.  be méde_at the level of ﬁhe flow'center.
which is the point of maximum velocity, or the sulfate right
above it, However, the sampling must also be madé "at both

banks of river, depending on the running condition.

Lakes and reservoirs: _ _
Sampiing mu$t,be mode at the point indulin;the center of
the 1aké; irrigaﬁing point, the,pbint mixed up with polluted
water and 'river Water inflow, the oﬁt flowing point of the
lake water, aﬁd‘the reféreﬁce point. N
As to level of sampling, sulfate layer water must be sampled
in the circulation season, while thé water in the respective
layer at évery depth partition of 5 to 10 m must be sampled in
the stratification season.

Sea:

The level of sampling must be, as a principle, the sulfate
layer, which 1is 0.5 m below the sea sulfate. And the meddle
layer, which is 2 m below the sea sulfate. In case the depth
of ‘waters less than '5 m, only “the sulfate layer ‘must be
sampled while the lower layer must also be sampled if
.néCQSSéry'when the depth of water is more than 10 m.
Mefhdd 0f?samp1ing: to sample flowing water or ‘the surface
Water,-éampiegcdntainers must be used to'coilect thé'samplé'
directly. To samplé the water from the elevated position, a
ladle or a polypropvlene bucKet with rope must be used.

In . case  the purpose ‘is ‘to . sample the water at different
layérs;?ftheﬂ-Héyroth. samples, - the vandorn sample or the
kitahara sample must be used. A o
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Messenger

Suspension wite [o0f rope)

Messenger receivet

Rubber band

E: Metal lining for wire

F,, Fa: Rubber lig

Gy, Gyt Wire for rubber lid

H,, 4y Clamping metal fittings
for rubber lid wire

;' Wire fixing -

Iy, la:  Sample take out cock

K: Transparent cylinder

°on®x

Suspension sirip
Messenger qecciver
Transpazonl ¢yhnac:
Sample take-oul cock
Mussenyger

mooRy

Attach 3 weight

on the tip of
the wire \;

D

Fig. 2 Kitahara water sampler
Fig. | Vandorn water sampler

Methods of Examination

General test: pB (hydrogen ion concentration index)
pH is the common logarithm of the inverse number of the molar
concentration of hydrogen ion,the activity to be exact.

pH=-logfH+]:[H+] is the hydrogen ion concentration(mol/1l).

there are two pH measurement methods, one is the ceclorimetric
method using a pH indicator or test paper, and the other is
the electrical method using a glass electrode.
The colorimetric method is economical and simple to use, but
it is often disturbed by the color, turbidity, salt,
.concentration, colloidal substance, - residual -chlorine,
oxidizing and reducing substance. S0, the electrode method is
recommendable.
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Suspended Sollds: Use glass [liber filter paper membrane.

filter with a pore size of 1 u m to filfer the sample under
suetion, then wash with water. After that, dry the fTilter paper
for two hours a 105 to 110°C. the weight is measured, followed
by the cooling-off in the desiccator. The size of the object
in this test ranges from 1 u m to 2 mm. The améunt of the
" sample:must be set to contain more than 5 mg the solids at one
test. Normally, 200 ml of sample is sufficient.

Turbidity: the degree of water turbidity 1is measured by
various optical methods. In all cases, the comparative wvalue
is shown in relation to the standard solution. Since none of
the methods are intended to measure the absolute value of a
specific substance, the analytical results are different
according to the kind of method or the standard substance
adopted. For instance, it will be expressed like transmission
light turbidity 35 (kaolin).

turbidity 7 standafd, solution(kaolin standard solution) a
solution with a fixed amount of refined kaolin dispersed in
water. When kaclin is 1 mg/l, the turbidity is 1.

Analysis of Various Chemical Components

Various .chemical ;éomponénts in water generally require
measurement of lower concentrations, thus often necessitating
instrumental analysis. In many cases, the Tfollowing methods
are particularly used: Spectrophotometry

' Atomic Absorption Spectrometry
-Gas Chromatography
Pretreatment . . .

In the analysis of metal components, it is necessary to
carry aut, in principle, pretreatment for the purpose of
_méking a solution of the - éubject components though
decomposition. of the suspended solids and metal complex, or
decomposing the co-existing organic matter.

The selection. of the method, however must depend dn the
_condition of themsample.and'the purpose of the-test.

1-Boiling with hydrochloric acid or nitric acid: to a 100
ml sample water is added 5 ml of the acid and then boiled for



short time. In case it contains suspended matter, 1t 1is
concentrated down to about 15 ml.

2--Decomposition with nitric acid and perchloric acid,or
with nitric acid and sulfuric acid: this method is applied
when. the sample contains organic matter. In case it is more
difficult to decompose the sawmple, it 1s suggested that the
method be adopted in which the sample is evaporated by heating
in an electric oven, then it is dissolved in hydrvochloric
acid; or the methed be adopted in which the sample is fused
with sodium carbonate.

3-Copper,Zinc,lead, Cadmium: These four kinds of metal
elements have similar chemical characteristics, so that they
can be determined in & common method. The sample water
pretreated 1is subjected to either one of the solvent
extraction methods to separate or concentrate the metals.
After back extraction of the metals, or the volatization of
the solvent followed by the wet decomposition of the remaining
metal -complex, these metal elements 1in the sclution are
analyzed by atomlic absorption spectrometry.

a)Selective extraction using dithizone: Any one of these
four metal elements produces colored complex with dithizone,
so dithizone is wused in the spectrophotometry for each
element. This operation. can also be adopted in the
pretreatment for atomic absorption spectrometry to selectively
extract each metal element, In other words.

Copper: Extracted from a weak aclidic solution
(hydrochloric acid + ©phosphoric acid) using dithizone-
chloroform solution. Zinc: Extracted from a solution of
pH 7 in the presence of citrate and thiosulfate.

L.ead: Extracted from a solution of pH 8.5 to 10 in the
presence of citrate and potassium cyanide. o

Cadmium: Extracted from a solution of pH 12 in the
presence of citrate and sodium cyanide. Since the copper-
dithizone complex is extremely stable after the extraction,
the back extraction using acid is difficult. Therefore, -the
dithizone complex 1is acid-decomposed to make an inorganic
solution after expelling the organic solvent by evaporation.
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All the other three elements can be back extracted using
hydrochloric aéid(2+100). s0 any one of them is subjectéd'to
atomic absorptioﬁ spectrometry after extracting back into an
aqueous solution. '

b)Simul taneous extraction using dithizone: these metals
are simultaneously extracted from a weak alkali solution using
dithizone-chloroform solution. When the extracted chloroform
solution is shaken with hydrochloric acid(2+100), Zinc, lead
and cadmiwn are stripper into the water layer. On the other
hand, copper, as well as mercury, nickel and cobalt, remain in
the chloroform layer. This'is treated similarly as item(a).

clExtract _diethyldithidcarbamate(DDTC): When DDTC
extraction method is applied for a solution of pH 9, many
metals including the above metal elements are separated. butyl
acetate or methylisobuthylketone(MIBK)is used - as  the
extracting solveht, The organic extract is heated to expel the
solvent. After decomposing the residue using acid, the sample
solution is prepared. o '

4-Jron,Manganese: .Since these two metal elements exist in
abundance on ~earth, Environmental regulation demands to
determine these metals which exist in dissolved state in
nature ‘culy. Immediately after sampling, the sample 1is
filtered and atomic absorption spectrometry is applied to the
filtrate.; When a large quantity of 'Silica exists in the
sampleé, the negative error 4is indicated so that it may be
neCessary to add about 100 to 200 mgfl-of'calcium or magnesium
aSAthejreleasing agent. Iron can also be determined by 1,10-
‘phenanthroline method ‘and manganese by spectrophotometry using
potassium periodate. _

5-Chromium: E$timation of chromium is divided into total
chromium and hexavalent chromium. ' - |

a)Total <chromium: the sample solution 1is treated with
sulfuric-acid and is made to hexavalent chromium totally using
potassium . permanganate. Then, it is reacted with
.,diphenylcarbazide...to .develop - color -to - estimated by -
spectrophotometry.
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b)Hexavalent chromlum .This can be, estimated by a method
almllar to the above only omlttlng the acxd treaument Other

than ths,” 1t_,Ls 99331b1e to adopt atQm;e_ absorption
spectrometry. e
S"Arsenic}_ -§pectrophotometry ua;qg.evsilver'

diethyditﬁioeabamate[_ arsenic  1is ”QXidiZQd usipg ;pOtassium
permanganate. and eofprecipiﬁated:Qwithi ferric. hydroxide,; the
pfecipitate is dissolved into sulfufic—hydrochloric acid.
Then, potaasiuh iodide, stannous chloride and Zan metal are
added. as a result, arsine. (Asls) is generated; whlch is then
absorbed into - a d bruc1ne ~chloroform aolﬁtion ~of  silver
_dlethyldlthlocarbamate After_ that . the ‘absorbance: Qf_ the
formed red purple color 1s measured -

. T- Mercury: Total mercury -and alkylmercury compounds are
estlmated ‘ L : , _

_ a)Total Mercury Three methods are avallable Each of ‘then
is an atomlc absorptlon spectrometry u51ng a special -atomizer.
Reduction-vaporization method the sample - is treated with
sulfuric-nitric acid, . pqtassium' permanganate ~and potassium
persuifate for oxidation {95°C, 2 hrs) so that .all are changed
into mercury  (IL). After reducing: excessive permanganate,
atannous chlorlde is ' added - . reduce mefcury inﬁo' .metal
mercury, then aubJectected to atomic . absorptlon spectrometry
of closed 01rculation method or of. open aeratlng method.
Hoatlng vaporlzation method in sulfuric acid. solutlon, mercury
-is extracted as. dithizone complex into. chloroform. And a fTixed
amount of the extract is_Lakensandnthe_solvent_is evaponated.
This is then subjected to atomic absorption spectrometry of
heating vaporization method. | s _._ s

Amalgamatioh_ method:_mercury reduced cand vapofized' is
collected onto goid'or silver as. amalgam This is" then heated
to ~generate the mercury. vapor.. .again - for ., atomlc absorption
spectroimetry. This method is adopted to analyze ‘a very: small

gquantity of mercury.
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Non-Metal Components _
Phosphorous Components ‘

.PhOSphOFOUS is not a regulated substance at present.
HOWever it is strongly re'quired to roddcc its discharge in
relatlon to the eutrophlcation problem in closed water area.
Phosphorous 'in water exists also in the form of inorganic
.phosphates such as orthosphate and pyrophosphate, as wéll as
organic phosphorous compounds It 1is therefore necessary in
'the determlnatlon of total phosphorous that the sample be
treated to white fume using  sulfuric acid-nitric or
hydroehloric_ acid~nitric scid in advance and changed . to
orthophosphate. Besides, there_may be cases when hydrolyzable
phosphorous oompounds _are estimated by boiling with strong
aold for a 1ong time. | : o |

Orthophosphate is determlned in the follow1ng methods A
method 1n which heteropoly acid is formed by adding ammonium
molybdate and sulfurlc dCld to the sample and . by reducing
thls with stannous Cthllde to , form molybdenum blue: The
molybdenum blue formed 1s extracted 1nto organic solvent; Or a
method win_ whlch heteropoly aeld is extracted and . then
moiybdenum blue lS formed in the organic phase
Nitrogen compoundS" _ _

_ Same as in the case of phosphorous, nitrogen compounds are
related to eutrophlcatlon although not regulated at present.
Nitrogen compounds exist in many forms io water and -are
determined accordlng to the olassiflcatlon shown

: 1) Ammonlum ton (NH4+) '

2) Nitrlte_lon (NO=z-)

3) Nitrate ion (NOa-)

4) Organic nitrogen

5)'Total nitrogen

Ammonlum 10n.‘ , o
Ammonlum 1s separated and collected by steam distillation.

In case the concentration of collected ammonium lon is high,

nLhe-*neutrallzaﬁ;on-‘thratlon or Lhe;‘lon- selective - electrode

method is eppliedJ'Whilelthe_indophenol method is used when it

is low. In the indophenoi method:_spectrophotometry is adopted
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for analysis utilizing the fact that ammonium ion reacts with
phenol under the existence of hypochlorite lon to form
indophenol blue. In addition, there is a method. That has been
used for a long time called Nessler' s method. However, this
method is nol popular in Japan at present because it utilizes
a mercury compound as reagent.

Nitrite ion

Is determined by the 1-naphthylamine method. Sulfanilic
acid 1is added to the sample for diazotation. then 1-
naphthylamine or N-(l-naphthyl} ethylenediamine is added to
form a red azo-compound.

Nitrate ion:

Brucine-sulfanilic acid method is used. Brucine-sulfanilic
acid is added to the sample water and is made to react with
strong sulfuric acid. As a result, a yellow color is formed,
which is then determined by spectrophotometry. Beslides this,
there is a method using devarda's alloy. Recently, a cadmium-
copper column reducing method is used for tests of water
supply sources. In this method, the sample water 1s Dbpassed
through a column filled with copper-coated cadmium particles.
Nitrate is reduced to nitrite for the folléwing estimation.
Organic nitrogen:

This is estimated by the Kjeldahl method. under the
exlstence of ecopper or mercury catalyst, sulfuric acid-
potassium sulfate is added to the sample water and the
gsolution is heated. Then, ammonia, generated as the result of
decomposition of organic substances, is collected and
determined. In this method, nitrite and nitrate are not
included in determination.

Alkalinity (pH 4.8): acid demand.
Reagent

a) Methyl red-bromocresol green mixed solution, dissclve
0.02 g of methyl red and 0.1 g of bromocresol green in 100 ml
of ethanol(95%). '

b) 1/10 N Sulfuric acid solution, add and mix 3 ml of
sulfuric acid in 100 ml of water, after cool dilute anode
adjust the volume to 1 1 with water.
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Normalization:

 Heart 40 - 60 min. Sodium carbonate at 500 - 600°C, After
cool in a desiccator, dissolve 1.325 ¢ of the sodium carbonate
in water and adjust the volume to 250 ml. Take 20 ml of the
solﬁtion in a beakKer, add 3 - & drop of mixed indicator. and
titrate with 1/10 N standard sulfuric acid solution. When the
color 1is change to graypurple, boil and remove - the carbomn
dioxide. After'éool. continue titrate until the color change
to gray-purple. Caléulate factor of the standard solution.

F= axb/100%20/250%1/(x%0.0053}.

weight of sodium carbonate g

i

a

b= content of sodium carbonate %

. x= volume of demanded standard sulfuric acid solution ml
0.0053 = seoretical demand of unhydrus sodium carbonate demand

for 1 ml of 1/10 N sulfuric acid sclution.

¢} 1/50 N standard sulfuric acid solution, remove 250 ml
of the 1/10 standard sulfurie acid solution to 1 1 of
volumetric flask and adjust the volume to 1 1.
Treatment

a)Take 100 ml of sample sclution, add 3 - 5 drop of mixed
indicator solution. -

biTitrate with 1/50 N standard sulfuric acid solution,
until colof:change blue to gray-purple (pH 8).

clcalculate: the aéid demand {ph.8) with- following
equation.

i- 'mg equivalence
A=axf%1/50%1000/V"
A: Acid demand(pH 8) {mg equivalent/1l)
a: Titrate volume of N/50 standard sulfuric acid ml.
f: Factor of N/50 standard sulfuric acid solution.
(factor of :1/10 N sulfuric acid solution)
Vi vélume-of.sample mk.

ii-mg CaCos/1

-B=axf*1000/Vs1l. .. _

B:acid demand mg CaCosll

i:equivalent value of the N/SO sulfuric acid sclution.
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Acid Demand / Alkalinity (pl 8.3)

Reagent

a) Phenolphalein solution (0,.85w/v%), disseclve 0.5 g
phenolthalein in 50 ml of ethanol, dilute to 100 ml with
water. Adjust the pH 8.3 with 1/50 N sodjum hydroxide until

the color is slightly red.

Treatment

Take 100 ml of sample solution in a beaker, add 3 or 5
drops of phenolphalein solution.
Titrate with standard N/50 sulfuric acid solution until
red color disappear.
Calculate the acid demand (Ph 8.3) by follows equation.
i) mg equivalence
A= axT+1/50%1000/V

ii) mg CaCos/1
B= axT*1000/Vxl

Discussion of Terms

The terms, acidity and alkalinity, as used 1in water
analysis may not be in accord with genecrally accepted
terminoliogy with a neutral point at pH 7. In water analysis a
pH of about 4.5 is frequently the end point for titration of
alkalinity and a pH of about 8.2 for acidity.

In addition to free hydroxide, alkalinity may be produced
by anions that to hydrolyze; there include carbonate,
bicarbonate, silicate, phosphate, ‘borate, arsenate,
illuminate, possibly fluoride, and contain organic anions in
waste waters, all the effects due to there anions are lumped

together in an alkalinity analysis.
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Hardness

..1. Total hardness: H= b*lOOO/V*l

H: Total hardness (mg CaCoa/l)

b: Demanded 0.01 mol/l EDTA sol. (ml)
Sample (ml) .

1: Factor of 1 ml EDTA sol. for mg CaCoa.

2- Calcium Hardness H (Ca)= a*¥1000/Vxl

3- Magnesium Hardness H- (Mg)= . (b/V-a/V(Ca))=1000«1

Calcium Titration method by EDTA

Reagent:
~Potassium hydroxide solutlon 50 w/v % water.
-KCN solutlon 10 w/v in water. '
—Hydfoxylammonium_hydrochloride solution 10 w/v % in water.
-NANA diluted crystal.
-0.01 mol/l EDTA solution.
Treatment
-Take a aliquot of sample solution (contain <mgr of Ca),
dilute to about 50 ml with water.
~Add 4 ml of KOH solution and stand abouﬁ_s‘min.
~Add 5 to 8 drop of KCN 10% scol. ,0.5 ml of hydroxy ammonium
lOJ%_solution;and mix. : , Co B o
-Add_NANA dilutéd crystalq and teetered with EDTA solution.
to change the color red purple to blue
~Calculate. Ca consecratlon with- follow1ng equation.
C= a*lOOO/V*O 4 .

C: concentration (mg Ca/l)

a Demanded EDTA solution ml.
. Vi Sample -ml

4: Comparable -value-of Ca- quantity
(mg Ca/1l) for iml-of EDTA sol.
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Magnesium Titillation by EDTA
Reagent
-Ammonium chloride ammonia buffer solution, dissolve 67.5 g of
ammonium chloride in 570 mi of ammonia water and dilute to 1
1. - _ . :
“KCN solution 10 w/v % in water.
wﬂydroxylammonium_hydrbchlofide solution 10 w/v % in water.
~-Eriochrome blue black T solution 0.5 w/v % aqueous solution.
.. =0.01 mol/1l EDTA solution. '
Treatment
-Take a aliquot of sample solution, dilute to about 50 ml with
water. _ ' .
~Add 4 ml of NHa-NH.Cl buffer solution.
-Add 5 to 6 drop of KCN sol.,0.5 ml of hydroxy ammonium
solﬁtion and mix.
-Add 1 or 2 ﬁrops BT solution and titrate to change the color
red purple to blue. ' '
Calculiate .
Mg=(b-a)#1000/V%0.243
a: demands of EDTA solution
(ml) for Ca_.titration.
b) demands of EDTA solution
{ml) for'Ca,Mg titration

Atomic Absorption Analysis

Standard Selution - |

Ag : Take 1.575 g of Ag NOd after drled at 110°C dlvsolve in
water and adjust the volume to 1 1.

Al: Dissolve 1.000 g of metallic aluminum in slightly excess
of diiute ‘to 1" 1 with water. Dissolve 1.754 g of aluminum
potassium sulfate in 0.25 mol/1 diluted hydrochloric ‘acid to
adjust 1 1. ' ' |
As : Dissolve 1.321 g of arsenic7triOXide in 2 ml of 1 mol/l
NaOH_solution; After dilute with water ac¢idify with diluted
-hydrochloric acid, adjust'the‘volume to 1 1.
Ba : Dlssolve 1.779% g BaCls ‘in water and adjust its the Volume
to 1 1.
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Be .: Dissolve 1 g of metallic beryllium with 10 % hydrochloric
acid by heat, after cool, adjust to volume 1 1. .

Ca : Dissolve 2.497 g of -CaC0x in slightly excess of
hydrochleric acid, dilute to 1. 1. _ :
cd '+ Dissolve 1.000 g of metallic cadmium in dilute nitric

acid. Dry on the water bath, add 5 ml of HCl(lmol/l)Q dry up
Add diluted Hcl and water adjust to 1 1. B
Determination of Sulfate Ion By Barium Chromate Method
Reagent T : L
Barium cromate suspénded solution, 2.5 g of  barium
chromate in 200 ml mixture (100 ml acetic acid (1+15) and 100
mli HC1 (l+500)),'shake Well; and stock in polyéthyvlene bottle.
—Calcium contain ammonia solution, dissolve 1.85 g of calcium
chlorate in 500 ml ammonia solution (lgr Ca/ml), keep in CO=
defended polyethylene bottle. . : : ' o . _
—Sulfate'ion standard (0.1 mg S0i/ml); treat potassium sulfate
at 800°C until constant, and dissolve 1.815 g - of the crystal
and adjust wvolume to 1 1. When the determination dilute 10
time.. _ R _ -
-Barium Chromate dissolve 8 g of pofassium chromate -in 800 ml
of water and warm to 70-80°C, Add little by little 100 ml of
barium chloride warm solution (BaClz.Z2H=0/100ml H=20) until
upper solution is 1little yellow color and precipitate barium
chromate. wash 2 or 3 ‘times the precipitate by decantation
“with 500 ml hot water, centrifugé 2 or 3. times with cold
water. Add 100:ml HC1(1+5) and dissolve by heat: (if there ware
precipitates'insoluble,,filter}, add water to 700 ml, warm to
70 or 80'°C, add ammenia :solution (1+8) until.changing point
of bromo-thymol blue and precipitate barium chromate. Repeat
the treatment and pUrify the precipitéte.'Dry-lhr; at 105 -
110=C - grind to fine power. Keep in the little reageht bottle.
Treatment '
Take 10 ml sample solution in 50 ml beaker, add 4 ml of
barium chromate suspended solution, stand 2<3 min. Add gently
1. .ml -of. . ethyl: alcohol, shake 1 min. -And--stand -10- min,
Centrifuge .and take in 10 :mm photemetric cell the upper

solution and measure absorbance at 370 nni.
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Colorimetric Phosphate determination by 1I- Amino- 2- Naphthol-
4- Sulfonic Acid

Determination range: POL(3-) 0.02 at 0.75 mg
Reagent

1)Ammonium molybdate solution: Dissolve 3.2 g of ammonium
molybdate tetra-hydrate in 20 ml of water,transfer in sulfuric
acid (25+30), after cool, add 0.35 ml of HNOs. Stoeck in
refrigerator. the solution useable in 1 week.

2)1-Amino-2-nafthol-4-sulfonic acid: Dissolve 0.5 g of 1-
Amino-2- nafthol-4-sulfonic acid and 2 g of sodium sulfite
(anhydrous) in 50 ml of water. In another, dissolve 20 g of
sodium hydrogen sulfite in 120 ml of water, mix both water and
aéd water to 200 ml. Stock in refrigerator. the solution
usuable 1 week.
Original standard solution of phosphoric acid (0.1 mg POs ml):

Dry' potassium dihydrogenhosophate about 3 hs. at 110°C
dissolve 0.1433 g of the crystals in water, transfer 1 1
volumetric Fflask, and adjust the volune.

Standard solution of phosphoric acid: Transfer 20 ml of
the original standard solution to 200 ml volume with water.

Treatment

Take sample (contain 0.02 to 0.75 ml as PO.) to B0 ml
volumetric flask, dilute 40 ml with water,

Add 2 ml of ammonium molybdate solution and mix, add 2 ml
of l-amino-2-naphtol-4-sulfonic acid soluﬁion, adjust the
volume,

After 5 min., measure the absorption at 810 nm.

Collect the absorbance with blank test.

Calculate phosphate concentration.
CHROMIUM (VI)
Reagents

a)Sulfuric acid (1+9).

b}Ethanol (95%)

c¢)Diphenylecarzid solution (1 w/v %): dissolve 0.5 g
diphenyl carbazide in 25 ml acetone and add 25 ml of water.

‘The solution can use about 1 week.
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d)Chromium standard solution {0.005 mg Cr/ml: dissolve
1.24 g potassiun dichromate in water, remove to 11 volumetric
flask and adjust the volume. take Jjust 10 ml of the solution
to 11 volumetric flask and dilute to measure line.
Treatment : .

a)Take sample solution (contain 0.002 to 0.05 mg of Cr(vi)
for two (A and B) beakers. Neutralize with sulfuric acid
(1+35) or sodium hydroxide solution (4w/v%).

b)Tfansfer'the solution in beaker A to a 50 ml volumetric
flask A and add 2.5 ml of sulfuric acid (1+9)-

' c)Add 2.5 ml sulfuric acid (1+9) to the solution in beaker

B, add a little of ethanol(95%), reduce the chromium{VI)} to
chromium(1II) and remove the ethanol. After cool trasfer to 50
ml volumetric flask B.

d)Keep the flasks at about 15 €, add 1 ml of
diphenylcarbazide solution (1lw/v%) to each flasks. Shake
immediately. adjust the volume with water and stand 5 min.

e)Measure absorption of the solution A at 540 nm, as
reference.is the solution in flask B.
SILICA IN WATER SAMPLE

Silica 1s clasificated as ionic silica, dissolved silica,
colloidal silica and total silica. Those are expressed as
sSiQ2.

Ionic Silica: React with ammonium molybdate and made
hetero-molybdate. Compound.

Molybdena Yellow Method: Determination method of ionic
silica by yellow heterco-molybdate.

Range of determination: 0.1 to 1.0 mg Si02..

Standard deviation: 2 to 10 %. -
Reagent :. : ‘ . :

- Keep all of the reagents. in the poli-ethylene bottles.

a) Water: To make the reagent or to treat, use distrated
water.

b) Ammonium---Molybdate. (10w/v%): Dissolve -21.2 g of
ammoﬁiﬁm molybdate in water and dilute to 200 ml.

¢) HCI ( 1+1 ).
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d) Oxalic Acid solution: Dissolve 20 g oxalic acid in
water and dilute to 200 ml.

e) Silica Standard Stock Solution: Dry one hr. fine silica
power at 700 to 800°C. Take 0.5 g and mix well with 4 g of
sodium Carbonate 1n Pt crucible and then fuse 30 min.. After
cool dissolve with water, transfer to volumetric flask and
adjust the volume.

f) Silica Standard ( 0O.lmg Si0=/ml) Standard Solution:
Take 20 ml of silica standard stock solution to 200 ml

volumetric flask and dilute with water.

Treatment

a) Filter sample water, take 50 mi of the sample in 50 ml
tube.

b) Add 1 ml of HCLI (1+1) and 2 ml of ammonium molybdate
solution and then stand 5 min.

¢) Add 1.5 ml oxalic acid solution, shake and stand 1
min, #

d) Measure absorbance at 410 to 450 nm.

e) As blank test, take 50 ml of pure water and treat
similar and correct the absorbance.

f) Calculate the quantity the calculation curb.

x If there is not phosphate ion, did not add the oxalic
acid solution. Because the absorbance decrease in this case,
therefor, take the time correct.

CALCULATION CURVE

Take 1 to 10 ml of silica standard solution (0.01 mg
Si/ml).
Add water to total volume are 50 ml. adjust temperature to
20°C and treatment and measure the absorbance. a) to ) Make
the calibration curve.
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WASTE WATER TREATMENT PROCESS
" Primary Treatment:

1-Removal of massive solid.
2-Removal of suspended solid.

Secondary Tréatment:
lfRemovalfo séiuﬁie and_guspendéd drgani;'materials.
.Tertiary Treatment:

14Remoyal’of nitrogen;phosphorous and very fine SS.

.2—Remova1'of Véry small.amount of organic matter.
3-Removal of soluble inorganic salts.

CHEMICAL INDUSTRY

Waste water contains various:-organic compounds metals used as

catalyst and acid:and alkali
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Fig. 2 Chemical industry (Waste water contains various organic

compounds, heavy metals used as catalyst and acid and
alkahi.)
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CHEMICAL INDUSTRY

WWaste water contains various organic compounds metals used as
catalyst and acid and alkali
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Summary

In the past, Japan was a land endowed with much water. After.
the second world war, however, in order to survive we had no
choice but to grow as a highly industrialized country and have
developed along this line. As a:result, industrial water and,
at the same time, from severe env1ronmental pollutlon caused
by a huge amount of waste water.

‘The establlshment of closed systems for ‘the treatment of
-waste water provides a key to solve these two contradictory
factors. _ _.‘ _ o : _ _
The day has passed when industrial “effluent, subjected to
secondary treatments ~was discharged into streams. It is high
tlme that reuse of waste water through tertiary treatments be
further promoted and fully put into’ practlce.-

As  to how simply and economlcal should waste water be

reused, there remain. many difflcult problems to be solved
in this world.
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Photocatalytic Degradation of Aromatic Sulfonic Acids in TiO9

Aqucous Suspensions
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ABSTRACT

Aqueous suspensions of titanium  dioxide{anatase) containing aromatic sulfonic acids
such as sodium benzenesulfonate,p- toluene, p- nitro, p- hydroxy and p- chloro substituted
benzenesulfonic acids have been illuminated with light at A > 310 nm under a variety of
experimental conditionds. The reactions followed the first order kinetics. The effect of initial
doncentration, femperature  and  substituent groups aré examined. Degradation rate decreaées
with Hammett constant, which indicates the electrophilic nature of degradation reaction.
The two intermediate products of the photodegradation of sodium benzenesulfonate are p-
phenolsulfonic acid and 2,5- hydroxyquinonesulfonic acid. The reaction mechanisms, based on OH

attack on the aromatic ring, are proposed.



Introduction

Semiconductor malerials are currently of much interest in the view point of solar
energy utilization. They have been applied not only to produce useful chemicals but also to
convert pollutants in waste streams to less harmful form. Photocatalytic degradation of
water organic pollutants appears to be a promising methed, in particular when using titanium
dioxide as a photosensitive material. Research in this field has recently been reviewed.!
References 2-14 indicate papers published since.

The aromatic sulfonic acids constitute a category of water pollutants. Their presence
in water stems principally from industry. They are mainly used as intermediate in the aromatic
chemistry especially in the dye and dyeing auxillary industry. Many of them can not be
degraded by biological treatment. For example, biodecomposition of sodium dodecyl-
benzenesulfonate (DBS)  requires two  days; branched isomers of DBS are not biodegraded
even aftera week of exposure to bacteria. The photocatalytic decomposition process of
aromatic sulfonic acid has not been clarified in detail yet.

In the present work, the photocatalytic degradation of sodium -benzenesulfonate was
studied at several semiconductor powders. For aqueous suspension of anatase, effects of
illumination characteristics, initial .concentration and temperature on the reaction rate were
investigated. The effect of substituents, e.g.nitro, chioro, on the rate of degradation and

complete mineralization have been compared.
Experimental Section

Material. As photocatalyst, TiO7 (anatase and rutile) were obtained from Aldrich.
Sodium benzenesuEfonate(reagént grade, Kanto Chemical Co.), p- toluene sulfonic acid sodium
salt{reagent grade, Wako), p- chlorobenzene sulfonic acid(reagent grade,Wako), p- nitro-

benzenesulfonic acid (reagent grade, TCI), p- phenol sulfonic acid sodium salt (reagent grade,
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TCI) were used as supplied. Deionised water was used to prepare aqueous solutions. — All sol-
vents and other chemicals were reagent or spectrophotometric grade and were used  without

further purification.

Method. Solutions of 1.00 X 10-3 M benzenesulfonic acid were used unless otherwise
indicated. The majority of the reaction was carried out in a photochemical reactor cefl which
was circulated via a pump.

In typical experiments, 70..00 mg of catalyst powder was suspended in 25.00 em3 of
aqueous solution in the Pyrex glass cell. The cell, while stirring, was illuminated for a specific
Ap_er:iold by 500 W super-high pressure mercury lamp through water filter having Pyrex glass
Window, Iofrared‘ ray and iiitraviolet raf,r below 310 nin _were.thus eliminated. The reactor coil
‘was th_ermos."cate_(_i at specific tempeﬁture during irradiétion. Suosequently,__ the sample was
| filtered through a 0.45 pm Millipore' membrane and the filtrate was analyzed for the organics by
I—I__P:LC techniques. The SO4~ anion was analyzed by ion chromatography. To monitor the

evolution of CO3, the cell was sealed with a butyl gumseptum and aluminium cap.

Anﬁlyz.es - .The dtsappealance of sodium benzenesulfonate and the appearance of the
various intermediate products were followed by reverse- phase HPLC chromatography on a
Schtmadzu LC-9A ohromatograph equiped with Hitachh L-400 UV detector. The detection
\{viaveleng.thj_was 260 nm and the column w_as_a' Crestpak C18S. The mobile phase was a mixture
of methanol and 0.01 M KHyPO4. Identification of the eluting compounds was made by
comparing the retention times with those of pure samples. . A

. The appearance of sulfate .ions in solution was monitored by ion chromatography
usmg JASCO. 880- PU HPLC chromatog,raphy equ:ped wnh a Shodex IC I-613 ion exchange
column and a conductivity detector. The eluent was a mixture of 1.00 mM phathalic acid,

0.35 mM tetrabutly ammonil.lmhyd‘roxide‘and 0.5% tet_ra_hfdroﬁu‘an.
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“The evolution of carbondioxide was monitored with Shimadzu GC-6AM equiped with an
active carbon 807100 mesh column anid a” FID detector after catalytic conversion to méthane.
Total Organic Carbon was determined via a Shimadzu TOC-500 total organic carbon

analyzer. 1t was measured before and afler irradiation.
Restlts
1, Photocatalytic Activity of Semiconductors

. Figure 1. shows reduction of sodium benzenesulfonate concentration with reaction fiﬁ{e
for aqueous suspension of several semiconductors. ‘As shown in Figure 1., the disappearrance
of s'o:di'u_énl' berizenesulfonate in the absence ~ of . semiconductor powder was very slow theréfore
' ‘c_iirect"'photolysi's' was -excluded in’ the ex'péi'iménts:.' "l‘he phé't'ocataiytic ‘activity of semi -
conductors  was compared by using the values of the initial rate (ro) and half:life (tm) ‘shown
in Table 1. It was in the order of TP:2 > anatase > Pt/T:Oo > rutilel

- Among these sen}lcond_uctors, TP-Z_ was the best catalyst but the reaction was too fast to
study the kinetics by the pfodéd:tll'e'exliléine(l in ‘Experimental Section. The experiments men-

' ‘tioned below were , therefore, carried out using TiOy anatase.

2. Kinetics of the 'leto"cnta'l}:tic;‘Degﬁ‘ﬂ(l:ﬁfidnz'of Sodium Benzenesulfonate. Comparison with

other substitated benzenesuifonic acids.

The 'fate of the pl1'ot00atalytic'cleu’ra‘clatio.n of"éo‘cliun‘i"beniieﬁ'eéulfona'te depends on
various parameters such as type of photocaraiyst initial concentration and temperature

*“The “disappearance of" ‘sodium benzenesu!fonate(mee ’?)m the presence of TaOz is
faster than in its absence. The 'samé results’ were “alé6 found “for the'subst_ttuted benzene

sulfonic acids. The photocatalytic disappearance ol these compounds at- A > 310 nm(Figure 2-6)
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Figure 1. Comparison of the photocataiytic activities of semiconductors
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Table 1, Photocatalytic Activites of Semiconductors

Semiconductor tis2 / min ro/ mMhr
none - -
TiO7 / Rutile 72.0 0.600
Ti(Q; /Anatase 48.0 0.760
Pt/ TiO2 66.0 0.680
.2 15.0 2.325
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Figure 2. Degradation of sodium benzenesuifonate at 25 °C
(Bt with TiOy, 4> 310 nm ; C: without TiOz, A > 310 nm ;

D : with Ti0,, without illumination ) -
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Figure 3. Degradaﬁon of p- nitrobenzenesulfonic acid at 25 °C

(B :with TiOz, %> 310 nm'; C: without Ti0, ,A > 310 nm ;

D : with TiO, , without illumination}. =
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Figure 4, Degradation of p- phenolsulfonic acid sodium salt at 25 °C

{B.: with TiO,, A > 310 nm ; € : with TiO, A > 310 nm ;

0 : with TiO,, without illumination}
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Figure 5. Degradation of p- toluengsulfonic acid sodium salt at 25 °C.

(B : with TiO,, A > 310 nm ;. C : without TiO,, A > 310 1im ;

D : with TiO,, without illumination) =~
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Fi_g_u_fe 6. Degradation of p- chlorobenzenesuifonic acid at 25 °C
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Table 2. Initial Rates of Photocatalytic Degradation (r,) and lllumination Times Required to

Decompose 50 % (t)72) of the Pollutants at 25 °C

Pollutant 3 ro/ mihr-! ty, / min
I 1.651 36.0
11 0.959 42.0
1 1.472 24.0
IaY i.773 12.0
Y 1144 18.0

4 I : Sodium benzenesulfonate
IT: p- nitrobenzenesulfonic acid
IIl:  p- phenolsuifonic acid sodium salt
iv: p- toluenesulfonic acid sodium salt

V . p- chlorobenzenesulfonic acid
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apparently foliows a frst~0rder kinetic law t‘or the initial concentration chosen. None of these
aromatic sulfomr acxds is adsorped n the pnesencc of T102 in the dm k Table 2 sums up some

kinetic results of the photocatalytic degradation of ‘HomdflC sulfomc acrds over TIO’)
3. Effect of Various Parameters on Sodium Benzenzsulfonate Photocatalytic Degradation
3.1 Effect of the Initial Concentration

Figure 7(A) illustrates the effect of aliering the initial concentration of sodium
benzenésulfonat'e on the initial rate of degradation. The linear transform plotted as shown in
Figure 7(B) gives k = 2.65 x 103 Miv~!. The data follow the Langmuir-Hinshélwood relationship

ro = KKCy/ (1+KC,) where k is the rate constant of sodium benzenesulfonate.
3.2 Effect of Temperature

~ The increase in rg with increasing temperature is observed. To ‘determine the activation
energy, equatlon(l) has been applied.
dln'ro E-A E, (D
where K, is the apparent activation energy,
E is the tme-acﬁvatio_n energy, and A is the heat of adsorption of the reaction.
‘The plot of In 1, as a function of T, shows in Figure 8., gives the value of E; = 15.65 k Jmol-!
at 25 °C.  This value is a little larger than values reported for phenol!3 and salicylicl® acid (10

and 11 kImol-l, respectively). Matthews pointed out that these values are close to that for OH

radical reaction
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Figure 7. (A) Plot of the initial rate, r, , of sodi[;m henzenesulfonate photocatalytic
degradation against the initial concentration, C,,.

(B) Linear transform of (A}.
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Figure 8. Plot of Inr, against temperature
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4. Tormation of SO4~, H* ion and CO, During Sodium Benzeaesulfonate Degradation

Dlumination of suspensions of TiO; powders in aqueous benzenesulfonate solutions
leads to the formation of SO47, H* ion and CO4. Figure 9. shows the formation of SO4™ for the
mineralization of benzenesulfonate, Formation of SO47 follows the degradation of the parent
substrate sodium benzenesulfonate.

The TOC and the evolution of COy during sodium benzenesulfonate degradation were
found to be a function of irradiation time. {llumination of suspensions of TiOp powders in
aqueous sodium benzenesulfonate solution results in a significant loss of TOC. These measure-
ments demonstrate that sodium benzenesulfonate can be completely mineralized.

The pH decreases during the photocatalytic degradation of sodium benzenesulfonate,

in agreement with total mineralization.
S. Intermediates

Liquid chromatography techniques permit identification of intermediate products from
the photodegradation of organic substrates by comparing the retention times of these products
with those from pure samples. In the case of sodium benzenesulfonate, four intermediates are
detected by HPLC under the condition indicated. The two main ones are p- phenolsulfonic acid
and 2,5- hydroxyquinonesuifonic acid.  Identification of compounds resulting from the degra -

dation of these two intermediates has not been succeeded.
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Figure 9. (A) Plots showing the degradation of sodium benzenesulfonate(SBS),
the formation of $04%, and H* as a function of irradiation time.
(B) Plot showing TOC during the degradation of sodium

benzenesulfonate,
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Discussion
1, Kinetics 'ofPhetoéata_!ytié Degradation of Sodium Benzenesulfonate

The presence of catalyst and ilumination were found to be necessary for the degradatioe
of sodiurﬁ benzenenesulf‘onate. ']"his sugests that the degradation is a photocatalytic process.
Under the conditions employed, the initial | rate oi".(lenr'l(htion depeﬁded on the initial coxicen -
tration and tempefatufe The plot of ry"! as a function of Cy~! yields a stralght line as  expected
ifrg obeys the Langmmr—Hmshelwood lel'monslup ro = kKCq / (1+KC, ) From Flgure 7(B), the -
value of k =2.65 x 103 Mhr‘l and K= 1.818 X 10°6 Imol- : can be ca!c:ulated by assuming the
simplest model. The increase m reaction rate wnh increasing temperature in the range 298313 K
is due to the mcrease adsorption of sodlum benzenesulfonate |

The resu!ts 'in Table 2. reveals some 111t61 estmg, trends with respeet to the substituents
on the aroma‘nc rmo 'The reactions.are, accelerated by electron - donatmg substltuents land
are retarded by electron - acceptmo subsmuents The oule; of (lnswppearance of the substituted
aromatic sulfomc acids found in thls work is -CH3 > -I—l >-QOH > -CI > -NOZ |

One ot the 1mportant f‘actors detei mining the degradation rate is the’ adsorpt:on of reac- -
tant to T:Og, as mdrcated by an excellent fit of the reaction Kinetics to Langmu:r Hinshelwood
equatlon Oﬁgure 7). Below pH 5.5 in the absence of electrolyte, T107 is. p031t1vely charged”
Hence aromatlc sulfonate is consxdered to adsorb to TiO7 electrostetlcaly and there may not be
much difference i in adsorbabtllty among, substltuted -aronmhcsulfonates Under thlS assumption
the denradatacm rate was. correlated wnh the e eet:onegatwlty of substttutent group. As shown in -
Figure 10, the propoﬂmnai relation was obtamed between the mltla! rate and Hammetts sub -
stituent  constant. This result indicates the e]ecuoph:hc mtule of the photocatalyuc degradation

of aromatlc compound
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Figure 10. Plot of the initial rate, r,, of substituted aromatic sulfonic acid

photodegradation versus the Hammett's substituent constant (o).
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2. Photodegradation Mechanisms

Irradiation of TiOy with light of encrgy higher than the band gap resuilts in the creation of

holes in the valence band and electrons in the conduction band: 18

Ti02 """"""""""" > Tlog (C_Cb + h+\-b ) (])

hyt 4 X7 e > X (5)

Alternatively the holes may oxidise water or hydroxyl ions on the surface of the particle to give

OH radicals : 20,21

h“+ M I[ZO """"""""""""""" = O[-[ 4 H+ (6)
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" The hydroxylated intermediates which have been identified by FIPLC methods indicate
that the attack of the OH radical on the phenyl ring will be mvo]ved in the mechanism pathway
Formation of p- phenolsulphonic acid and 2,5- hydroxyquinonesulfonic acid can be explained
by Scheme I and Scheme 11, |

p- phenoisulfonic_abid. could result from the attack of an OH radical at the para position
with respect to SO3 group of 'so'diufn: benzenesulfonate, as shown in Scheme I The pathway
f'dr formation of‘ 2,5+ hydroxyquinonesulfonic acic!.i's proposed in Scheme II in which the first
step is the attack of OH radical at the ortho position.

Fur't'he'r'6>f:idation_lead_ing t'o. the formation of COq is difficult fo identify. A detailed

mechasim for this photoreaction cannot be given on the basis of the present data.
Conclusion

Aromatic suifonac acids, ex&mmed in this work, can also be totally photomineralized to
carbon dioxide. with irradiation of aqueous anatase TiOo suspensions. Titanium dioxide is
lnexpenswe and can be reused. The'ra_te of degradation is affected by the initial concentration,
temperature and substituent groupi Untbrthélte.ly,'b'nly two aromatic intermediates have been
identiﬁed,a complete detail of mechanism for this photoreaction cannot be given. Consequently,

to explain the mechanism pathway, further experiment will be required.
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