6. -‘Conelusion '

- We summauze the results of our 1nvest1gat10ns about the quahty ot wafer in the Hdshenute-

o _ ngdom of]J ordau in con}unotron with the Zay Water Purlflcatron Plant.

In aecordance wrth the measuaernent data about tho quahty of water: turmshed by the
Water Authonty ‘and: Jordan Vallay Authorrty, we Studied various: characteristics about
: __the quahty of the’ wate1 ‘which. makes changes.in flow down and by season along the Last Ghor
Cana] -8 SOUrCE of water for the Zay Plant." Sl : R :

When a v1ew is gwen fo. the sectron of the (‘ana] from Intet to Yabrs the water quahty
-i§ more . or less constant from Intet. However, it is variant from Yabis to Deu Alla. When.

the mean. values ‘of’ the two sections-are compared we notlce that the latter shows a tendency
‘oflnorease e oL R : - o

T he conoentratrons of calcrum magnesrum and other substances attnbutable to geological

_ 'features are relatrvely hlgh throughout the -Canal and: alittle hrgher down . from Yabis..
-"We presume that thls phenomenon emerges from- suoh condltrons that the Canal water is’
_repeatedly used and: more waste water is dlscharged from: human 'lvt}VlthS as a consequence.

" of hlgher utlhratlon of the land between Yabis and Deir Alla ‘ T . |

: ‘As regards sodinm,. potassium, - .chloride. jon; -sulfate ion, etc. the mean Valtles are

' eonslderably hrgh and the variation wrdths are large between Yabis and Deir Alla This rs
mdrcatrve ot heavy ‘contamination dermng from vigorous human and agricultural’ activities in
thls reglon From this-it 'is' knowri that throughout the Canal and partrcularly the ‘downstream .

.basrn of" 1t the 1ngress of contammated human: waste water is 111tensrve though part of the -
water is naturally purrfred ' . ' ' . .

_' Yarmuk and :Deir Alla ‘are nearly the same  in the rate of potassrum permanganate

: consumptron “value. “The 1nf0rmatron we. have obtainéd - ‘about. the Canal is not sufficient;

however, judgmg from the fact that the degree of confamination on the downstream is notably

-high, - we assume’: that " the rate of potassrum permanganate consumptlon value of the water

rinning from - Inlet: mto the - Canal through the system of -underground water development
is consrderably low. "About the concentratron of bicarbonate ion found to be very high-
throughout the Canal, we- presume that it is due to the feature of ‘the soil. This, however,
constltutes a taotor for increasing the alkahnrty of the water, which suggests that deliberate
' care be made about pH adlustment in the coagulatron process at the Zay water purification

plant
From the foregomg, we. empha51ze that the persontiel of the Zay Plant should bo carefu]

in:a series of water punfleatron processes including coagulation, for. the water taken from
Deir Alla is: consrderably eontammated by the human and: agncultural waste water. For this
reason ‘the presence of some: hazardous organic: matters in the water is undéniable, and also’”
THM precursor is expectcd to be high. - . : : : : ' .
' Further accordmg to. the analytrcal results of the water respectwely at the Water Quahty‘
Laboratory of the Water Authonty of -Jordan and in Japan by ourseives it is found that
_there is httle difference i in the quality of water from those given, above. . .

As to_the problem of trihalomethane formatron potentral the test mothods used in Jordan
and in: Japan are’. drfferent hence. clrfference in- measured values. However, it is recognized in
a common from both test results that. the THM. formation potcntral is mereasmg as the Canal
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flows down. This is obvious from the Jordan test-result that the THM formation potcnti’tl'is
approximately 170 pg/€- at Addamyych and apprommatcly 280 ,ug,’l? at Den Alla. In this
‘conjuncnon we gave an explanation based on the papers by Magara et al. to. such- d!l effect
that the test methods mvolvcd were. {o obtam it value as closc asto. the pcak of IHM fmmatlon
poteéntial. - : L R ST L
Of. the water sample brought back to. Japan we conductcd a vfmcty ol snnulatmn tcsts:
undel different qettmgs with p’artlal altcratmns in the water pur:f;cthn process and m the-
trihalomethane 1educmg process at the Zay Plant. Acco:dmg to the test rcbults the totdl THM
is 143 ,ug/Q after the lapse of 96. hours; an 'mt1c1pated point of t1me for the supply of drml{mg
water to Afman in casé the water is proceqscd in the standard sequcnce from p1echlormatlon
to cc'lgulat10n—sed1mentat10n to rapid sand flltmtlon On the other hand it is so good -as
109 ug/f at the same point of time when the water is processed in a different scquence-from
nuection of powdered activated carbon to codguhtlon—sedimentatlon at low pH (about 6. 5)
to intermediate chlounatlon to sand filtration. ‘ : C :

Incidentally, the. powdcred ‘activated carbon used at . the Zay Plant is inferior m the'-
adsoiption ploperty to the THM piecursm 1If this is changed fora bcttcr one, a higher removal .
efficiency could be pbtained. ‘ : T S TR ,
' Further, basing on the analysm rcsults of the quallty of the raw: water sample and ion
the simulation tests regarding water punﬁcatmn processes, we presented: our ideas. in fayor
of low pH coagulatlon, the addmg of powdcred actlvated carbon the ﬁltratlon by granular
activated C_arbon,_ the blending with the available water and change of wa_tm intake -point,.
‘and, morcover, described characteristics of “these ‘cases one by one _and presented our cost:
estimates. : ‘ _— SR '
From an economic point of view, it is known’ that the cases of- blendmg w1th the avallable
\_#ater and of changing the water 1nt'1ke.pomt are the most in the initial cost, and the cases
of PAC application and of GAC filtration are. the most in operating cost. By comparison of
- the latter two cases, it-is obvxous that if PAC is dosed in excess of 20 ppm throughout the year;,
the case of GAC ﬁltratmn would eventually become. cheaper in.-two:to three. yca;s even though
'GAC life cycle is 30 days. - : : . _

- The lcw pH -coagulation is the method wlnch turned -out to the- most cffectlve in
- the snnulatlon tests. Another effect which: could be expected from this method would - be
a reduction in the coagulant dose subsequent to the lowcrmg of pH in- de'llmg with the h1gh

alkaline raw water.
Intermediate chlormdimn is, fea51ble w1t110ut altering any: part of the exntmg equlpmcnt

by which a THM reduction can be éxpected. L e oo

Nelther of the low pH coagulation nor the mtcrmedlate chlounatlon is:so cxpens1ve and
both can be put into practice af .any tlme Each is expected to reduce the THM concentrat1on
to about 100 pg/f. _Thercfore, both seem fo be ideal for implementation for the time. being.
‘However, neither 'is effective for thotoughly’ rémoving pesticides or THM, a matter .unavcldflbly
- present in water, or any other chloumtcd organic suhstance For this reason, 1dedlly the method

of PAC dppllCdthl’l or of GAC f1ltrat10n should be. used ' : e

Wxth rcgard to- the method of trihalomethane momtonng, we proposcd an appropnatc
_ method in" the followings 'which suitable for' the prevailmg water con(htlons in Jo1dan
according to our analysis results of the various tests concersied.
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As the ‘water in Jordm contams much of bromide 1013 ‘the ratio of bromlmted THM
in the THM formed t}uough chlormation must beé high. And, as the analytlcal methods which
are currently used in Jordan make no effective to cease a hydrolyzing process of trihalometharie
_ intermediate to trihalomethane, the values obtained by measurement be(,ome high and the
valucs obtained by 'maiysm become likewise.

Tn view of this; we are of the opinion as a result ol caiefui '1pprecmt10n of all the prob]ems
- involved that the solvent exltlalcnon method is tiost suitable. In this method, the extraction
piocess of THM is simple and there should be no complicated procedure.for the given THM,
for.it is snnply put directly into the gas chlomatograph after delachmg ‘the head ¢ quce asscmblel
Wthh exists in' the Water Quahty Laboratory. : R - :

anlly, Judgmg from ‘the present condmons of water resources 1n Jordan, we conclude
that the Zay Water I’urlﬁcation Plant and the East Ghm Canal are capable to fulfiil theu
functions ‘for ‘the supp]y of drmkmg water to the Amman population. Our teasoning in
“this’ connection - is that the quahty of the purtﬁed water obtained by: the above—mentloned
.treatments “such “as low- pH coaguldhon and mtelmedmtc chlorination: would be salng as
the’ quahty of the tap water which is processed from a very severe water source condition
- in Japan and that ‘the people drmkmg this quahty of water would tolmate any health' rlsk
1nvo]ved : : ‘

- As the concentratlon of- tnhalomethane is relatively high dnd although our 1nvest1gat1oos
has not be able to unplement the p0531b1hty of the preSﬂm,e of agncultulal chemicals can not
be demed we think it ideal ‘for the Zay Plant to upgradc its efficiency by adoptmg advauced
technology such as intfoduction of activated carbon treatment. - :

In addmon ‘selection of a new water intake point-up from the present one '1long the -
Canal where. the influence” by humdn activities is considered much less seems to be worth
con51der1ng ' ' _

‘In connectlon wxih all the suggestions and prop051t10ns glven it the foregoing, we hope
contmuously cooperahon with the Jordan Authorities concerned in the ficlds of 1nvest1gat10n
planmng and desxgmng for development of the present undertaklng '
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: : [Appendix l.]
Cotintermeasures for Total Trihalomethane
in Drinking Water

W'atei ‘Supply Division,
Water Supply and Environmental Samtatlon Department,
Mlmstly of Health and \Velfare, Japan -

) Followmg the pollutlon of the sources of drmkmg, water by various factors. and the

) development of water analyzing technology, recently, trace organic chemical substances which
have not been detected before in drinking water have been defected indicating the necessity
for management of the quality of drinking water from a new stmdpomt

CIn 1974 US Envuonment Prote(,tlon Agency (EPA) repmted that many orgamc substances
weire deteeted in chmkmg water in New Orleans, and since then trace organic (,hemrca]
substances in drmkmg water have drawn people’s attention. Lspeorally, there has been much
discussion in many countrics and mternanonﬂ organizations on how to control tuhalomethane _
:whroh 1 produeed by reaction hétweeil organic substances in raw water such as humic
substances and ¢hlorine which is used in public water supphes o

In Japan, the ‘thstry of Health and Welfare began.the. researeh into analytrcal methods

- for trlhdlomethane in 1976, as well as to research the mechanism of its productron and
Thow.to remove it; in August ‘1980 the Ministry entrusted the work on countermeasures for
' ‘-trilmlometlmne contamination to the Water Quallty Technlcal Group of the Water Quallty
Division, an1ronmentai Health Council (charrman Toshiaki Os1wa Professor of Tokyo
'Umversrty) The Group pubilshed a report entitleéd “On the Problem of Trlhalomethane in
Drinking Watcr” (Attached paper No. 1) in January.in 1981. The report states that though
the concentration of trihalomethane in drmkmg water can be decreased by drscontmumg
the use of chlorine, chlorine is remarkabiy effective in eontroilmg water-borne mfectlons
and there is no substitute for it.- The report’s: basic concept is that it is reasonable to practice .
various countermeasures to trlhalomethane continuously such -as using chlorine  in water
5 ,punﬂcatlon facrlrt:es it also proposes countermeasures based on the foilowmg, H settmg of
.a tentatrve targ,et level for control of tr;halomethane (2) momtormg of trlhalomethane and
(3) a method and a long-term policy to decrease trlhalomethane : :
_' The Mrmstry nohﬁed ]oeal governments of ‘the countermeasmes to be taken for
. trihalomethane in drinking water based on the report; by issuing, “Countermeasures. for
Trihalomethane in Drinking Water and “Cautions on Trihalomethane Countermeamres for
Water Supply.” '

The ‘former notlﬁeatlon from the director mdlcates (1) the target level for control
of tot‘ll trihalomethdne is to be 0. lOmg/E or less’ of the annual average, determmed by
gas chromatography using head space method, (2) the guidelines for monltormg and the
arrangement of monitoring systcis, and (3) means to decrease trihalomethane in water supply
systems when the level in drinking water is high. The latter notification indicates cautions on
testmg methods, momtormg srtes frequency of determmatlon plannmg of monitoring systems
methods and pohcles to decrease ‘trihalomethane.

Till now, trihalomethane in drinking water has been determmed mainly in a few large

“cities, and accordmg to the data available, almost all of waters tested are assumed to be under
the target fevel of the notification. However, it relates to human health over a very long term
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and it is expected that .for the mamtenance of the safe quality of drinking water, the water
works body shall arrange a monitoring system carly along the lines of the notification and bcgm
to monitor trihalomethane as well as to rescarch and undertake some means for decréasing it,
if necessary.
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{Attached paper of Appen(hx No. 1)
The Prob[em of Trihalomethane in Drinking Water

" Water Qua'l'i_ty _Techni_cal Group
in Water Supply Division,
Environmental Health Council

1. lnlloductlon

The primary purpose of water supply is to supply clean and safe (hmkmg waten Now that
over 90 % of thc population receive the pubhc water supply service, the responsrblhty of
‘the water works body is increasing, and greater efforts in various aspects of water supply such
as cie‘m water soulcos adequate water punflcatlon and good mamgement of water distribution
systems are required. .

Now, about 70 % of the source of water in Japan is surface water though water poilutlon
is being improved in the aspect of the tOtd] average of the national environmental quahty-
standard station, it tends to be worse in some water arcas,

Following the recent dovelopment of analytical techniques such as instrumental analy31s
vatious {race organic chemical substances which have - not been detected before have been
detected in drinking water indicating the’ necessuty for watex quah{y managcment from a new
standpoint. _ . : .

In the USA and other countries, various orgam(‘ chonucal substances such as. organic
:chiorme compounds have been detected in drinking ‘water, and t}ua_-lr chronic eff‘ect on human
health is- drawing p‘eoples attention. Particularly, trialomethane has becofno a subject of

. mvestlgatlon as its (,oncentratlon is rather high and the chlonmtlon ln water purlflcatlon
- .processes appears to contribute to trihalomethane formation.

Under such Condltlons some 1nternat10nal o:gamzatlons have begun to dlscuss counter—
measures for trmaiomethane and other organic chemical substances in drmklng water.

An June 1979, the Water \r]anagement Group of Organization for Econonuc Coopemtlon
and Development (QECD) began to research’ contents, potential tommt:es formation
mechanisms, and wmoval of - orgamc chonncal substances in drinking water, and it published
a report on countermeasures for orgam(, chlofine compounds mainly conslstmg of modifications

'oi the chloundt;on process. .

The World Healih Orgammtlon (WHO) is also mvestlgatmg trefltment of orgamc Lh(‘llIlICdI
substances mc]udmg tnhalomethane in" its work to revise the standards for the quality of
' drinking water. o

In- US Environmental Protection Agency (EPA) regulated the totaf trﬂlalomethane Ievel
in drmkmg water to under 0. 10 mg/® for water supphes of a gwen scale in November 1979;
in Canada, the gmdelme for total trihalomethane level is fixed at 0.35 mgf?. In West Germany,
" there is a movement ‘to control trihalomethane and also the UK is tr ying to decreasc tnha]o-
methane in practlce though Stdndards have not been established. _ :

‘ The Water Quality Technical Group of the Wdtel Supply Division,’ inronmental Heaith'
- Coungil, has mvcst:gdtcd the countelmedsures for the problem- in Japan and- come to the
“conclusion on monitoring and decreasing methods for trihalomethane, which is reported
‘here.
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The Gmup further intends to collect domestlc and foréign data and to revise the report
if neces‘;'ny

2. Tentative Target Level of Trihalomethane

When demdmg a tentative- target level for control of ‘trihalomethanc 111 drinking water,
not only the evaluation of its effects on human health but also the poss1b1]1ty of its control
shall be considered. : .

A tentwtlve ta:get level fo1 control of tnhalomet}nne was dlscussed consldermg the
pri qctlcal controls in foreign countnes and it was decided tlnt an adcquate total trihalomethane
tevel (the: sum of the levels of chlorotorm bromodmllloromethane dibromochloromethane,
and br omoform) should be under 0.10 mg/% for Japan.

3. Monﬁtoring of Trilmlomethane

{1 ) Basu: matters

Since trihalomethdne is produced in the retatlon between the quahty of raw water and

‘its purlﬁcatlon process regardless of the scale of the W'iter supply facilities, it is preferable to

: monltol it in d“ ‘the water supplies in which momtormg will be necessary. 111e annual average

_of the test results of’ tr1halometl1ane shall be discussed, since the result of its intake for a long
time is important in ‘the influence of trihalomethane. :

" The frequency of monitoting shall be decided in practlce based on the test resuits for

raw water thty ‘which have significant correlation with tnhalomethane, as the analyses

will reqmre much time and skill.

{(2) Planmng of monitoring progr'lm

The monitoring program - for tnha]omcthane is adequately planhed acc’ording'to the
following: _ : S _ _
Reference figure: Flowchart for monitoring of trihalomethane

1) Raw water quahty and evaluatlon based on water quahty criteria |

~ The “total tnhalomethane formation potential has a Lorrelatlon ‘with the potassuun-
pemlanganate consumptlon value or the color units of raw water, “and prescnbed values for
these 1tems are used as water quality criteria. According to prevxous ‘investigations, adequate '
_criteria are 12 mg/® for lhe potassium permanganate consumptzon value for surface water
and 20 units for the color for ground water. . . '

Average values m the past S years have been obtained once a year for raw water (when

a plural number of raw water dre used, as to each of them), and the momtormg prognm is
pianned accordmg to the water quahty criferia.

2 Momtormg of trlhalomethdne L
(i When the average value is over the water quality criteria de’acubed in the above 1)

The total trlhalomethane is momtoxed 4 or more times a year 'lccordmg to “the method
of momtonng the total tnhalomethane in drmking water” attached here.’

When the annual average is over ‘the target level of tnhdlomethane countermeasures for
decreasmg it are established and enforced such as repeating the trihalomethane monitoring.

— 117 -



Reference figure: Flowchart for determination of trihalomethance
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(i) -When the average value is under the water quality criteria described in the 'above 1)

The total tuhalometlmne is monitored’ once or more a year at a similar place fo' that
descnbed in (i) above to et an annual aver age approxnnatlon of the tnhalomptinne level.

When the obtamed value is ovcr tlre target leve! of tnhalomethane the procedure descubed
in (1) above i is. employed o : . . .

When the obtained: value is sufﬁcmntty under the target 1evel 1t will be praetlcable to
reduce the frequency of monitoring to that which appears to be adequate consulermg the scale |
of the water: supply facilities. -
3 Mlscellaneous . : D

- Bven’ when the color unit. of raw water is over the water quality criteria; and if it is rcvealed

to be due to iron; manganese and the lrke but not due to organic substances whrch seem to be

precursors of trihalomethane based on thc measurements of tuhalornethane and the like,
it is adequate to treaf it as described in (u) of 2)

(3) \flethod f01 momtoung :

'Vlomtormg is performed accordmg to “the method of momtonng the total tnhalomethane '
in drinking water attached here.

(4) Airangement of the monltormg system

Por monltormg trlhalomethane smoothly, it is rnd1spensable to arrange the rnomtonng
systein well However the gaschromatograph wrth an eclectron capture detector which is
requrred for trrhalomethanc monltonng has not been necessary to the monltonng of water
quahty standards regulated in the Water Works Law and the device reqmres trained operators
Therefore, operfrtors must be trained for maintenance and: analytlcal work of the gaschromato-
graph with an electron capture detecto; as- early as possible in each water ‘works body. It is
also’ reasonable for the analytlcal work to be entrusted to the water quality testing facilities
oflocal governrnents,- as well as creating a test system_m the water works body itself.

4. Decreasing of Trihalomethane

(1 ) Basrc matters

When an annual ‘average of the total trlhalomethane in drmkmg water is found to be over
the targetilével of its control by mionitoring tnha]omethane in drinking water, a ‘trihalomcthane
‘decreasing: program must be planned to enforce countermeasures for decreasmg trihalomethane
in drinking water to under the target level. : .

This will involve methods to decrease the formation of tr 1halomethane such as e'!iniin'ating
its precursors and methods to remove formed trlhalomethane which ‘may be used alone or
in combrnatron It may: be. also cons:dered best to change the water source for another purer
one. o , . . :

The trlhatomethane decreasmg program shall be planned comprehensweiy w1th an
understandmg of the real state of trihalomethane. formation and other condltlons

“As great efforts '1re required for decreasmg trlhalometirane the main emphasis must be
to ensure good water qual:ty when new water SOUrces are employed
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(2) Deélsion of decreasing program -
1) Research on trihalomethane behavior

For (lcei(lmg the trihalomethane program ddequately and cffectively, it is fundament'zlly
1mpo1t'mt to know as precisely as possible the trihalomethane levels in the water supply system_
from raw wate1 to tap water and related items of water quality. Thus, the total trihalomethane
level and the total tnhafomcth'me formation potential and the like shall be measured at _
adequate points in eaeh process o see the variation in a year. It'is also’ nécessary to’ 1esearch -
important matters t01 tuhalomethane contml such as addition’ of chemicals and- operatlon
of water supply and distribiting Ffacilities. It is also necessary to analyze the obtamed results
sufficiently to know the behavior of trihalomethane: : '

2} Undelstandmg of conditions surioundmg the water supply .
When practisinga (lecreasmg plan it i$ of comse necessary to understzmd the COIldltht‘lS
of each water supply. : : : o ’
Particularly, undcrst‘mdmg of future t:ends in the quality of the wate1 souree is, 1mportant _
to ‘'select adequate countermeasures as well as underst'mdmg of the possﬂnhty of changmg
the intake point of the raw water itself to improve the thty : _
It is also necessary to discuss the poss1b1l1t1es of acquiring space: for the reqms1te water
l1eatmg facilities or to arrange its mamtammg system and the like.

'3)  Sclection of decreasing program : . - : .

_ The present state of technology thought to be available for. deereasmo of. tnhalomethane
" is described later in (3) as well as the properties of the ‘technology, the results of the research
‘described in 1) above and the conditions revcaled in 2) -above shall be considered to select,
the most adequate countcrmeasures for individual water supplies. : : .

E On deciding countermeasules, a. variety of plans are to be evaluated as to then‘ effect_
in decreasmg trihalomethane, based . on: the results of experlments and research as well as
revealmg the t;eatmg capacity, the effect on dlsmtection required mamtammg and managing
systems in currently existing facilities; it is also necessary to consider various costs for a total
evaluation. - ' ’ :

(3) Clurent stale and prublems of trihalomethane deu‘easmg teclmology

The technology - for decreasing the trlhalomethane level in drmkmg water roughly consists
of thc depression of trihalomethane: formation and removal of the formed trihalomethane
and thene are various methods for both; when decreasing the tnhalomethane level praehcally,
these may be used in combmahon '

1) Depressmn of tuhalomethane formation -

(i) Combined chlorme treatment can almost eompletely mlnblt the formatmn of ‘trihalo-:
methane in water supply and’ dlstrlbutlon systems because of ‘the absence of  free ¢hlorine.

However, as the disinfecting power of combined chlonne is lower than that of free chlorine;
the effect on bacteria is not always complete It is supposed that a water system having a high
level of trihalomiethane pleeursors will have a high level of pollution ‘with bacteria and the I1ke

and this this aspect must be carcfully researched. ‘ ' '

(i) Coagulation/sedimentation process is effective for removing precursors wlnch have rather
large mqleculm weight, and can decrease cons;derabl_y the formation of trihalomethane. thus,
this will be one of the most ¢ffective methods to decrease trihalomethane.
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(iii) lntelmcdrate chlormat:on is-a process in.which after rcmovmg precursors as much as
possible by coagulatlon/sednnentstron chlorine s added ‘before 1ntroducmg the water into
a filter, It is as effective as the coagulation/sedimentation process descubcd in (ii), but this
Process must be carcfully employed becanse it affects adversely the removal ol iron or
manganese if ammaonia mtrogen is present in the raw water.

(w) Potassaum pelmanganate and 0ZONE may substltute for chlorme as an’ ox1d171ng ageut

Thése ox1dramg agents. can remove products formed by chlorination and depress the formation
of” tllhalomethane However thicy may make the water purrﬁcatron operanon comphcated
and cxpenswe and -also’ may produced unknown by—producls Mo;eover if there is ammoma
n1trogen in raw water ‘chilorine is diftrcult to remove. :

(v) Powdered activated carbon treatment is a process in which powdercd actwated carbon
APACY 18 added to raw water to aclsorb and remove: trihalomethane’ prccmsms Good results'
~can be expected when there is sufﬁment contact tlme but it gwes risc to various problems
in sludge treatment 'md mamtenance :

(v1) Gi‘anular actlvated carbon treatment isa process in wlnch after coagul‘rtlon/sedlmeutatlon

.the water rs flltcred through gr’mular actwated carbon to adsorb and remove tuhalomethane
-precursors It has various cost problems such as the nee(l for 1emodelmg of emstmg faulitles

land and the hke : ;

2) Removal of formed trlhalomethaale :

_(i)_ Aeratlon 15 a process to deerease the tnhalomethanc level in drmkmg watel by aer atlon

of water eontammg tr1h‘110methane it has proved to be efiectwe expcrnnentally, but as it

'requlres a large gas/hqurd 1at1o it'is difficult to use practically.

(ii) Adsorptlon w1th granular actrvatcd car‘oon is to decrease tmhalomethane in drmkmg water
by fdtratlon it reqmres regeneratlon of aetwated carbon in a rather short per1od, and has

varlous ploblems of mamtenance ancl cost

3) ' Bas1c dlrectlon of deereasmg of tnhalomethane ' .
When comparing the process to depress the founatron of tuhalomethane and the process _
to remove formecl trihalomethane, the former is more adequate for decreasing trihalomethane
in drmkmg watel . '
. Consequently, such combmatlons of tr1halomethane decreasmg processes as shown below :
“can; be considered to be practrcab]e
(D Use of combined ehlorme instead of tree chlorme for disinfection
i) - Use of 1ntermed1ate chlcrination in stead of ‘prechlorination
(iit} Removal of precursors by powdered actlvated carbon or granular '1ct1vatecl carbon
(iv) Removal of precursors by a combmatlon of ozonation and granular aetwated carbon filter
‘When' employmg these processes it is important to understand’ their properties and
evaluate them rat1onally eonsulermg each water punflcanon ‘plant. '

5. Decreasmg Policy from a Long—term Standpomt

The currently used watcr puuflcatlon for drmkmg wate1 mamly consisting of sedimenta-
tion, ﬁltratron and chlo1 mat;on has been developed pumanly for removmg of turbld substances
fm 1aw' water and d1smfectron and consequently, it-is said to be madcquatc to treat this
new problem of deereasmg orgame substances such as trlhalometh‘me and its precursors.
However at present tnhalomethanc can be decreased by soule processes among thosc which

are desenbed above,
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Trom the long-term aspect tt will be necessmy to maintain  good: quailty water sources
to control. the formation of trlhaiomethane and the like; and to develop a new water,
‘purification system, cousrdeung the water tlc'ltmg methods for drmkmg water.

(1) Mamtenance of water thty in the somce of drmkrng water

- Organic - substances whlch are precursors of trrhalomcthanc w111 be m'unly hunuc_
substances. Some of them. exist naturally,‘but in some rivers a conslderable part orrgmfltes
from human actmttes Chlo;matlon is used for. dlsmfectmn of drinking water and it is very
effective in pleventron of water- bome mfectlons and is “highly eva]uated at plesent The
“advantages of chlorme tlnt is, its effectweness the reslciual effect and the economnlic usefu]ness
in the countelmeasurcs for aquenous mlcroorgamsms have “been well evaluated, and. thus,,
research and -development of-its substitution by an cffectwe dlsmfectmg method for drmkmg_;
water will require a very long time. . . . :

It is an urgent problem eallmg for in addxtron to conventronal methocls to control
organic substances in. pubhc w‘lter areas based on chemlcal and brologlcal oxygen ‘demand,
a management system. for orgamc substances inicluding precursors .of trlhalomethane and
the like 'to be established in the pubhc water quahty management system for the purpose of
keeping good water quality at the sources of drinking water. _ : : . oL

The development of mecasures to maintain good water quahty by control of orgamc
substances flom the above described new aspcct will also be greatly expected fo contribute
‘to decrease m orgamc chemrcal substances whlch are ploduced by vanous orgamc substances
existing in public water bodies and by water tzeatment for drmkmg water _ :

Prechiormatton 1s unavmdably employcd for mamtamm0 good drmkmg water quality"

~and mamtammg the functlon of ‘water supphes against” the mcrease of ammoma ‘nitrogen,

_iron, manganese and the like, and contammatron by baeteria and algae in raw water. Therefore _
to develop and carry out measures for keeping goo od water qualtty and decrcasmg ‘these

- substances and orgamsms in the water souice of drmkmg water as early as possible will reduce
‘the necessity of prechlormatron and subsequently, depress the formation of tr 1halometlnne '

(2) Rewew of the water puriflcatlon system

Even 1t the above—descnbed cotintermeasures are promoted for mamtammg good water
quality in the water source, it will require a long tnne until the effects appear in practlce :
also, considering the present utilization of the water areas it ‘will be difficult to decrease
_suffmently precursors of trihalomethane in .all water souTces. Therefore, from a quite novel
standpomt it will be important that the water purlflcatlon system for:drinking water is
'revrewed and that new systems are mtroduced : : S
_ As a- process to decrease trlhalomethane by changmg the water purrf;catlon process
there ‘will be removal of prccursors ozonation without: prechlormatlon and removal of
trihalomethane, and these have. been consrderably clarified, as previously described. However
. even when these can be incorporated with conventlonal water purification systems which have
been des;;,ned mamly for 1emova1 of turbid substdnces and disinfection, it will not always be
the most effrment wafer purrﬁcatlon systom from economlc or technologrcal standpomts

It is requrred not only to, make efforts to develop and practlce cffectrve water puriflcatlon
processes for removal of orgamc substances such ‘as precursors ‘but also. to deveiop water
puufieation system which ‘can treat most efﬁcrently the above- desenbed organic substances
as well as conventional SubjCLt mateuals At that time, it will be carcfully noted whether
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any ploblem similar to the trihalomethane problem may be caused by introduction of a new
treatmg process for removing such 01gqmc substames

6. Summ'uy

The: Water Quahty Techmcal Group discussed the tentatlvc tqrgct lcvcl and i'LChl]lC’ll

countermeasures for trihalomethane controt for (1rmkmg water based on dOInB%th and forcign
findings which are now avallable ‘and the results are ‘reported here.
‘ ‘As for tuhdlomethane in. drmkmg water, considerable amounts of resemch on determina-
tion, removal, and its effects on health are available, but some facts remain unknown. In fature,
it shall be further stud1ed and also the current piOCCSS shall be discussed based on the resuits
of the studies. .

Control of - orgamc chermcal substances such as tnhalomethane which are contained at
low levels in 'drmkmg water is an important matter in control. of various substances in the
environment. (,onsequently, it is necessary to make efforts to resedrch their existing state
in the water supphes the effects on human health and control methods and to arrange
the managemcnt system’ of water supphes Howevel such efforts alone are’ ‘not sufﬁment
With the cooperatlou of the water qupphes and wider env1ronment11 control, it is 1ndlspensablc
to establ;sh a basw and comprehenswe policy for these substances.

It is necessary to consohdate the strengths of various fields and also 1t is hoped to establish
a comohdated research mstltutc for water supply and financial suppmt to water works.
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1-[A‘ppei1(!ix 2]

Comparison of Powdered Activated Carbon

~ Comparison test results Qf two types of powdered activated carbon (PAC) to be used
at the Zay Water Purification Plant, Jordan, and being used for deodorizing at the Kunijima

Water Purification Plant of Osaka City concerning trihalomethane precursor removability.
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Appendix 2
Test Methods
1. Title: THM. Precursor Removability Test
Sample: Water o'f Yodo Riverat Kunijima Water Purification Plant
Powdeted actlvated carbon wis 1njected into the samplc and the sample was stirred slowly

‘at 50 TpM for two hours, and then filtered by glass fibre ﬁlter of approximately | pm pore
diameter. After this, the THM ‘formation potential in the filtered water was measured.

2. Title: : Measuremént of THM Precuirsor in Powdered Activated Carbon
" Powdered aCt'i‘\'r.ate‘d carbons of NORIT W-20 and KINTOL were added separately into
purified water samples at a rate of 49.0 mgf¢ and 32.5 mg/®, respectively, to obtain two

different solutions. To each of these, added chiorine water at a rate of 20 mg/¢ and measured
:'the THM formation potential. '

Results

1. The THM ‘precursor removal rate of KINTOL s almost double that of NORIT W- 20.

2. The ultraviolet absorbablhty of NORIT W—20 is less dummshmg than KINTOL..

3. 'There is' little exudation seen of dlssolved THM precursor from the powered activated
arbon in either case. (Consmere_d as ‘blank”)

— 125 ~



100 -

Removal ratio of THMFP (%)

THM FP (ug/Q)

KINTOL

50

40 |

30 1

20 1

1049 -

20 30000 40 TS0 T 60

PAC Dose. (Dry_ingfﬂ)

— NORIT W-20

- .
T on e amy y

0 .10

T — T T T

20 - 30 40 o500 60

PAC Dose (Dry mg/!l_) :

— 126 —












- JEs



	6. Conclusion
	Appendix 1 Counter Measures for Total Trihalomethane in Drinking Water
	Appendix 2 Comparison of Powdered Activated Carbons

	Cover

