(K) Flectuc (‘onductmty R . R
Set a constant voltage between blGCtiOdBS and obtained ‘a conductivity by _measu_ring

'AC current flowing in the solution and indicated it in pusfem.
(L) Sodium fm(l Potassium N . : _
Introduced the top clear part of the sample dlrcctly into atomic absorptiometer and
measured sodium and potassium, _
(M) Mﬂngauesc Iron, Copper, Lead, Chromium and Zinc
After adding hydrochloric acid to the sample, mtroduced the solution into atomic
absorptiometer and then measured these,
(N) Ultraviolet Absorption : o
 After filtering the sample by a 0.45 pm bme diameter mambranc hlter measured
the absorbance at 250 hm wavelcngth by using absorptive cell of 1 cm hght path Iength
(O) Fluorescence Intensuty - P : : P
After fﬁtcrmg the sample by a 0.45pum bore diameter membrane filter, measuréd
the ﬂuorescencc intensity of 430 nm “wavelength ‘at 330 nm excitation waveiength Measuled
valuc varies depe_ndmg on the type of [uorometer. The fluorescence intensity is useful as
“an index for estimation of fulvic acid.

P Dissolved Organic Carbon
The same method as used at the WAL.

2} Results and Discussions -

Table 1 Jar Test Results of Water Quélity'

| | Alumlm-lz; z}lgate Dqse | Tzi;;?[l‘?-]l)ty ‘ o ) DOC

Raw Water {Collection Point) ' o 86 81 ' 38 '
No. 1 .7 10 . 2% - - 179 . 3.7
| No. 2 20 L s 19 29
Coagulated Water No.3 30 : 6.7 : 7.5 34
No.4 ' 40 55 7.4 55

No.§ ' 60 b 32 1 73 360
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In Japan we measured THM : formation poiential about the coagulateckset*led raw water
and the jar tested water. The test results are piven in Table 2. About the THM formatron
potential, we compared the water samples taken at Inlet of the Canal and at Addassiyyeh
and found out. that the potent1a1 was approximately 1.5 times higher in the Canal water.
_ From th1s it is known that contanunatlon is present somewhere along the Canal and also that,
of the THM forimed by the influence of broniide ion in the raw water, the proportion of the.
broniine - contammg THM is: large. As viewed from the amount of organic matter in the water,

- the THM formdtlon potentn] is large. This is due to the lzuge amount of brominated THM.
~ About the reiatlon between the bromide jon in- raw water and the forming THM potential,
Equation (1) as follows is proposed for testing conccrmng humic acid 5 mg/? solution:

[THM Br] = k[Br1o86 L, S U oo (D

THM Br: Amount of total brominated THM (¢ mdl/ﬂ) '

Br : Concentration of bromide ion (j mol/) _
k: Invariables pil 4 0.05 pH7: 013 pH.10: 0.22

The precursors in raw water can be generally dmded into the suspensory precursor and
the- dlssolved prccursm The former is approximately 40 % in view of the fact-that about 40 %
of the THM formation potentlal can be reduced by filtration w1th a 0.45 um membrane filter.

Approxnnately 30% of the latter, on the other hand can be removed by dosing 60 mg/SZ_
aluminum sulfatc and then by filtration after coagulation and settling, therefore, approxnnately'
60 % in tota] of the precursors can be removed from raw water by filtration after coagulatlon
and setthng S :

The THM formatmn potent1al of the water measured in Japan as shown in Table-
was higher than that showned in Table-2. : : -

The reason is, in our “opinjon, that the THM formatmn potential varies extenswely C
“depending on the chlorination condmons such as (1) the mass of the precursor in the sample :
©(2) the pH in chlorination, (3) the temperature in chlorination, (4) the residual chlonne_
concentration.'in ‘chlorination,” (5} whether the ‘résidual chlorine is free or comhmed
{6) the teaction time with chlorine and (7) the concentration of bromme ion.
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Table 2 . Test Results of Trihalomct_hane Formation Potential

! : _ lRlateof' T ] AR ST Lo
Sample Chlerine | -CHCl; | CHCl,Br | CHCIBr, CHBry | TTHM
i N 10 as | 74 | cdoz | a0 | 264
| Inlet ST A ATV IS I SUCEMNSE Vi) ERCN RN B
2L 20 ) 14 |12 120 | 36| 342
3. Iniet S : 5 8 26 10 48 152
4 aftter filfration’ by 0.45 um ﬁlter 10 ? T a0 - 90 o . 7190
5 e 0.1 8 44 | 66 | .48 .| 166 :
Addassiyyeh. . S : S PSR EOUR.
6 ' 220 20 41 .78 4400 183
7 Addasmyych ‘ S5 4 10 ‘44 . : | .60‘ | ”.1:1 8 -
3. _after ﬁltratlon by045 ,um ﬁlter T 10' 4 " 10 -4-2' : oA i 110
9 . Inlet ‘ Ll 5 . 4 18 43 .32 |
.aftercnagulat:on and settlmg SR 2 s _ _ I
10 '(A]um 60 mg/Q) o 10 10 94 48 20 - 0
11 ‘Punﬂed Water (Laboratory) - 0 2 - 4 3 6 .: 12
)
K]
g
>
Z
Br (umol/8)

(Chlorine Dose:

10 mg/¢ at 20°C, -

Contact Time: 24 hours) -

2 Br (mgl?)

Fig. 1 . Amount of Bromine lon Addition and Amount of THM Formation (pH 7)
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. Table3  Water Quality of 'Ra\;v Water and Tap Wéter |

o B _(Il.nng:)
R After Afté.r Aftgr —
sl | py water pon e Water o beation - fltmation 1
L ' _ membrane R , _n?él_lfblrl;xie R'?w Hater lge‘:ifbfa[ﬁe e Wat.cr
N filter " - _ © filter ) filter .
T i Mdssiyyen Addassyyeh| Do Alls Deir At [JPSRER TR | R
Dlia‘te_‘o.f Sampling - thy'zg_,_ "85 May 28, ’85‘ M_z;iy 28,785 May ‘23, '85 MgnyI 3ﬁ, "85 May 30., '35 June i, '85
Tarbidity. JTU). “30. 7 05 30 o -3():. L o
Golor ™ SR T . © 80 - - 1.0
pH Valie - - "0 82 T ) 8.0 - 74
Al.kz'n]jrnsty.'_(gsCa(.IOg)_ u 214 226 21 4 204 Nt
cm_qrid_é ©7 103 103 116 : ;io_ "137_ _ - 82,
Bm;nigie--'(m"). . - _ - 0. ~ -
‘Suifate’ '(5647‘) 85 78 110 104 110 - - 37
_N'it'r"aﬁ @sN) ‘;4.'0 35 35 34 3.4 - 6.1
Ammonia (a:s'N) ) .j 500 : 000 ] e 000 000 ~ - 000
'KMéoﬁmC:,‘l"#éu?hec!‘_ ' 6.3 w6 | 10s 8.1 10.9 - - 0.9
Total Hardness (asCaCO3) | 270 . . '260 . . . 280 290 285 - 185
Total Dry Solid * ' 1 574 sa9 0 ofes2 . ss0 | oes2 I
Electric Cbnduclivity _(,Llsfcm) " 884 896 969 987 9835 — . 685
Sodiem (Na') 83 85 - 97 97 97 - 15
Potassium (K') 42 a1 6.1 6.3 6.8 - 4.3
Manganese oz 000 | oos 0,00 0.02 - _
| fron 075 oor. | os o002 044 - -
' Copper 0.00. T 0.00 0.00. 000 | om0 - _
Lead, 000 0.00 - 0.00 0.00 0.00 ~ -
Ciwomium " 0.00 0.0 0.00° 000 | 000 -
Zinc 0.01 g0l | oot 0.01 0.01 -
UV Absorption (250 1m) 0040 0042 | 0067 0.066 | 0072 - 0.017
Fluorecence Intensity %0 g8 | 129 138 133 - 14
.bjssolved Qrganic Carbens _1.5_ 27 33 — -

' CHCl, 10 s 20 8 20 8. -
Tbl;ﬂialoln.él'_l:lal;e CHCQBI 2 14 .32 ? | ‘34. ¥ : ~
romadon | Gucp | w26 | 4 4 [ @ ] -
He/®) cHB, | 32 2 “ad 26 n 2 -

| ﬁnM’ | 106 86 18 108 124 102 -
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In Japanom, authouzed analytmnl mothod chioumtlon is made under 4 st of CO]ldlthﬂS
as follows, in‘order to obtain a THM formation potential: : '
The TOC in the sample be no larger than § mg/R

Thepre’IO*‘O’)

The tempcratmc at the: tlme of chlonnatlon be 20 Ci
The dmatmn of chlormatlon be 24 hours, :
The free. rcs1dual chiorme thercqftel be 1.0 111g/52 _
In the THM ‘formation potentlal test made at the WAL 1t becamc 1mposs1ble to detelmmc :
a chlormc dose after obtaining a chlorme consumptmn in' ‘the "sample. For th1s feason, .
chlormatlon was ‘made after dosing an oxcesswe amount of’ sochum hypochlorite in'an attempt
to secure free chlorine affer 24 hours. As the -result, an ‘excess amount of free’ chiorme,
remained after 24 hours and the pH rose to more or ]ess 9 by the soclmm hydroxxde mcluded;
in the sodium hypochlorite solution accordmg to our assumption, o '
About the relation between the concentration of free res;dual chlorme after 24 hours'
and the. THM formation potentla] Equatlon (2) and Fxg 2 are apphcable comemmg the'
5 mg,/i'{ hiirhic acid solutxon So, the THM fOlITld.thl] potential should increase as flee chlonne :'
remained in eXCESsS. Lo

 CHCly+Cl

: = 05§ Cp0.27 L ‘ )
f CHEL, - ]0‘.} .0.53.{C12]_ HE L L A .(_ )E
CHCl, - Cl, :_ Amount of chloroform formatlon (ug/!&) in chlorme (lose Cl, (mg/?.)
CHCI3 10 : Amount of chioroform formation (ug/?) in 10 mg/Q chlorine dose '
3.0
E .
20k
2
oy
g
S 10}
g v 0 4 pH 4
5 : e pH 7
0.4 |- - . . = .pHi0
SO NI H L !
30 50 - 100 - 200 40,0 700
. Chlorine Dose (mgf2)
(Cm{dition: 5 mg/? humic acid, one day'reacﬁon time, 20°C-. temperature)

Fig. 2 Relation between Chlorbfo_fm Formation and Chlorine Dose



Also, thc relatmn between .pH and THM . formatlon potential about the § mg/R humic
acid solution is such as shown in Equation (3) and Flg 3. below, by which the difference is
about two- fold in THM formation. potential between pH 7 and pH 9. This is the reason in
‘our-opinion. for. the outcome. that the THM. tormahon potentml in n-pentane extraction liquid,
after chlorination which was . made at WAL and measured in Japan is higher than the THM:
formation potentldl which was both chlonmted and mefxsmcd in Ja apan

CHClL, - pH. '159__- S o
[CHClEl .] 004[pH] S @

CHCl; - pH ;. Ahl'oun't_ of Chlorcform Fo'rm'at.ion (1g/?) in reactive pH
CHC13 O Amoimt of Chloroform Formation (ug/2) in pH 7

Accordmg to the above we made a review combmedly over the THM formatlon potentlal :
test at the WAL and the. quality test results of the water samples . in Japan, and we can: say
that those THM formation potential values shown in Table 2 arc correct. Furthermore,
we c01151der from' the fact that the water samples taken at Inlet and at Addassiyyeh differ
‘much’ 1n quality and that the THM formation potential and the morgam(, ion between
‘the upstream ‘and the down stream are of the same rate that the increase ‘of THM formation
potential . toward ‘the downstream onglnates in the agncultural waste water ﬂowmg into
the Cana] C : ' ‘

0 50mg Cl
- 200 -1 10'mg Cl,
20+ : A SmgCly: )
: 100 |
=0 g nf
£ S
2 3
2 05 & 40 -
(=] ' Q
5| B
g 0
02 |-
10 b
01y | B
3 7 10
pH ;

('Co.ndition:;‘ 5 =m,gﬂz-h‘u.mic'acicl, om_:_day reaction time, 20°C. temperature) B

Fig. 3 . . Relation between Chio'rofo'rml Formation and Reactive pH
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3. THM Controi Slmulatmn Tests for Zay Water Punfmatlon Plant

For the purpose of finding fmpropnate measmes to. reduce trlhalomethane (THM)
we conducted simulation tests w1th1n the Zay Purification Plant, using all available- methods
The s'unple water used for these tosts was the one taken at a pomt along the East Ghor Cana}

~about 5 km upstream irom Deir All"l : 3 IR

The simulation teqt contents are given in Fig. 3-1 through P1g 3- 11
The amount of sample used for the tests was 500 m¢ per case,: Into each beaker we gave

the ‘test chomicals and after coagulation in jar tester (at 140 rpm for:one minute’ and 60 rpm
" for ten: mmutes), left the solution for ten minutes. Then, we f}ltered the supematant of it
by glass tiber fllter paper and measured an amount of THM for six to 96 hours,:

bxceptmg the powde;ed activatéd carbon (PAC) available. at Zay Punfloatlon Plant,
all the chemicals used were . of Japanese production. For chlorination, we used sodium
hypochlonte _ C - Do - C

The simulation’ test results are shown in Fig 3 I3 tlnough Fig. 3 11 and aleo summar;zed-
in [‘ able 3-1. : :

31 Compar;son of Slmulatlon Tests '

(1) Cases No Iand No 2 L
' “The tests’ as Cases No. 1 and No 2 were made to confirm whether the dosmg of KMn04:
would be effcctlve or not-in the process of pre-chlorination. As the Tesult, we discovered that
there was no reduction in the amount of TTHM formation attained by this kmd of treatment
“no difference from pre—chlonnatmn alone. Therefore, the use of KMnO4 is meffeetive -

(2} . Cases No 3 and No. 5

On these comparatwe cases, we checked how the TTHM form’:tlon would be affected
by the usé of KMnO, in combination of powdered activated carbon (PAC) and- 1ntermed1ate
chlorination. As the result, we observed that Case No.3 (189 pg/?) was more effective by
30 -40% than Case No.5 (257 gl in the removal of TTHM. Accordmgly, it is known
that the use of KMnO, is cffective to some degree : : '

(3) Cases No. 4 and No. 5 _
Companson was made of the two ' cases of lowenng and not lowenng the pH for -
. coagulation by the combined use of PAC and intermediate chlormahon As the result,
- we found it possible to reduce the amount of TFTHM formatlon by more than 50 % in'Case 4,
much better than in Case 5, :
Even when Case No.4 is compared - with Case No. 3, 1t' is noticed that the TTHM
formation is reduced from 189 pgf? to 109 ug/R Therefore, it is known that lowermg of” pH
is an effective means for TTHM reduenon :

(4) Cases No. 6 and ‘\Ios 3 4and 5

- In Case No.6, the sample was coagulated at a low pH and intermediate chlormated_
The TTHM in Case No, 6 which is 117 ug/® is better than 189 ug/? in Case No. 3 and than
257 ug/ in Case No. 5. Cases No. 4 and No, 6 are neally the Same in the TTHM being -
109 pg/? and 117 ,ug/R reSpeetlver However the value is shghtly better in Case No. 4
because of the addltlon of powdered actwated carbon. :
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Fig. 3-1 " Condition and Results of Simulation Test No. 1
- (Pre Chlorination)

o, Alum : o
R L Lo Lo
Y ' PO 4
Reservoilr Rapid : Flocc. Sett. . o :
: ' Hixer- Basin . . Basin Filter Clear well
"2 hr 3 hr ’ 1 hr o 4 _hl-‘ :
 Peeding Point & Feeding Rate (/1)
: Reservoir : .- Rapid Mixer Filter | C.well _
PAC |KM0q | Gl |Alum |H,S0¢ | Cla | Cl | Cl=
meft | - 1 0] 3] - SN I
- | | (/D
| Cafter 6 hr | 24 hr 48 hr 9 hr
| cHC1s 6 8 17 12
| cHCL:B« 12 28 38 52
CHCI Br, 0 % 50 52
CHBry 16 16 R o
TTHM 54 80 133 43
pH PV poc | UV | CL
Clorination Water: (Ihr) '} 8.07 +| 4.7 3.0 | 0.061 | 62
Clo.rin:'atri-qn'Nater(lidayé)' 8.11 _ - 3.1 | .0.042 47

PV Potassium permanganate consumption' value
C L: Chemi. Luminescence absorbance
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Fig..3-2 - Condition and Results of Simulatipn Test Nq. 2
(Pre. Cl, () — KMnO, treatment) :

KMilO4, Cl, - Aluml

R R -
. | — # Wi =

Reservoir Rapid Flocc,  Sett. . : T
: Mixer  Basin - - Basin- .~ Filter Clear well

........................................................................................

Feeding Point & Peeding Rate (mg/) -

Rese_rvbiir- _ _Rapid.' Mixer Filter | C.well

| Teac [wiog | oz [atem |ms0, | e, |oorn | cis
weft | - |10 |10 | s | - | - | - | -

" L (ug/®
after 6 hr | 24 hr | - d8hr | 96 hr -

CHC1s . | . 6 8 15 | 14
CHCl1,Br | . 12 22 B
CHC1 Br, EX T T
| cupr, TR
TTHM s | s | 1™ | w1

[ pu | »v | poc| uv | cL

{ Clorination Water (lhr) - 804 .__4.6.2." 2.8 0056 61 I
:Cl'orinatijon Rater (4days) | 8.04 ' - b : 2.9, '0.-0;17. S 56.
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‘Fig. 3-3. Condition'and Results of Simulation Test No. 3 |
(PQ\vdered Activated Carbon — KMnO, -- Intermediate Chlorination)

PAC, KMI_iO4 Alum o Cl,

B T B B B e - —

iReserv:oir- - ‘Rapid. Flocc. Sett, ‘
-~ . Mixer- Basin Basin. - Filter Clear well

 Feeding Point & Feeding Rate (mg/1)

Reservoir |  Rapid Mixer . - |Filter | C.uell

~ |pac |wmo, | o1, fAm BRS04 je | C, | €l
mfe | 10 {10 | - [ - | - | 85| -

_ - (ug/®.
after 6 hr 24 hr 48 hr 96 hr ._

CHC1l; 4 |6 B
CHC!,Br | 1. ] 2 | 3 | 2
CHCI Br, | 3 | s e |
CHBr, . | @ 6 | om | 8
TTHM | % 1 | B | 189

pH-| pv | DOC | UV | cL

Clorination Hater () | 7.58 | 85 | 2.5 0.050 | 60
[elorination Hater(ddays) | 8.48 | = 25 |0.0% | 8 |
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me}4 Cmﬁﬁmnaij@M&ofﬁmMﬁbnT@tNa4 '
(PAC — Low pH Coagulation — Inter. Cl,)

PAC Alum, H,50, i, :
Lol b b
Reservoir Rapid ' Floce. Sett, <o b
Mixer Basin Basin - ~Filter Clear well
2 3 hr ! The 7 4hr
" Feeding Point & Feeding Rate (ng/1) |
:_ Reéerﬁoir : | Rapjd'ﬂixér“ Filter C.well_:
PAC KM, | €, |Alum [HS0, | Cla | Clo | Cl2
mg/8 0 | - 1 - 80 ~ - 85 -
| after 6 hr | 24 hr 48 hr 9 hr
CHCly 4 4 ( 3
CHC1:Br 10 16 25 | v
CHC1 Br, 22 - 26 45 . 51
CHBry 2| 2 3
TTHM 48 58 100 09
o I pH | pv | DOC | UV cL
{Clorination Hater (Ir) | 6.54 | 3.6 | 2.3 | 0053 | 49
Clorination Water(ddays) | 8.10 - | 23 [ o003 | 25
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Fig. 3-5°  Condition and Results of Simulation Test No. 5
(PAC — Inter. Cl,)

PAC Alum o,

bbb b : -~ | |
; = |
“Reservoir Rapid Floce, Sett. : Coon
: : Mixer Basin  Basin . Filter . Clear well
ohr 3 hr "1 dhr
Reeding Point & Feeding Rate (mg/1)
Reservoir - Rapid Mixer Filter | C.well
o jPac {Kmo, | C1, |ate |80, | €1 | Cl, Cl,
mge | 10 | - | - || - | - | 85| -
| | L)
_ | | after 6 hr ' 24 hr 48 hr 96 hr
CHCl; g 10 18 |2
CHCI,Br 6 | 30 52 | 56
cHCl Br, | 40| e | e | %
CHBr; | 46 62 83 '86
TTHM ‘ 106 162 #5 | 257
~pH | PV | DOC | UV CcL
[ Clorination Hater (o) | 7.56 | 4.3 | 2.4 | 0.058 | 60
Clorination HWater (4d:ay.s)' 8.52 - 2.9 | 0.046 1 o




- Fig. 3-6° . Condition and Results of Sihwlhtion Test No. 6-
(Low pH — Int. Cly)

Alum, H,80,

b b

1o

- Reservoir

R

-

Rapid. Flocc,
Hixer - Basin '

Sett.
Basin

Filter

.............................................................

" Clear well

..  Feediﬁg Pbint'g Feéding:Rate (mg/l)

Reservoir

' Répid'ﬁixe:

Filter:

C.well |

PAC

RMn0.. |

(] 2

Hfum' )

.80,

I,

€1,

:CIZ

.nig/Q

30

[s5 ]

R

' r=éfter56 hf‘

' ?d_hr- {

rreE

' 96 hr

"CHC1; -

)

4

8

"CHC1,Br

8

16

28

'_;28.:-

CHC1 Br,

14

32,

93

%

_CHBrS

;8'

.29

TTHM

30

T2

118

0T

o H

PV

UV

cL

Clorination Water (lhr)

6.62

86|

ijC_
2.5

1 0.058

3:57 =l

Clorination Water (4days)

7.96

: :2;2;:

0.0

8
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Fig. 3-7 Condmon and Results of Snnulat:on Test No. 7.

(PAC — post (,hlormatlon)

al, -

PAC Alum - . :
bl b _ Lo }
Reservoir Rapid Flocc.  Sett. SN S S
‘ : Hixer Basin . Basin Filter Clear well
"2 nr 3 hr e
Feedmg Pomt & Feedmg Rate (mg/l) .
Reservmr ‘ Rapld Hixer : ‘Filter | C.well
PAC |Kiny | Clp |Alun 52304 Te, | o, ol
mefe 0 .| - o | - = = |85 ]
] o . _ (uglﬂ)
_ _ ' after'ﬁ hr _' %4 hr | E 48 hr - 96 hr
CHC I, T 4 5
"CHC1,Br u 20 st | s
. CHCI Br, %2 g | 0 T2
CHB'r, % 50 | 8 81
TTHM g6 116 188 193
,H. | pv | DOC | uv o CL
[Ctorination Hater (he) | 7.59 | 5.4 | 32 | 0.05% | 60
Clorination Water (ddays) | 8.54 - 3.2 | 0.043 | 40
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Fig. 3-8

(PAC — pre Chlorination}

Condition and Results of Simulation Test No. 8

PAC Cly, . Alum
_ IS bbbl 1 I
§ | B
Reservoir - ' Rapid" F.locc. . Sett. pae :
' . Mixer ‘Basin ‘Basin Filter Clear well
!2hr 3 hr : 1 hr P 4 hr
feeding: Poin't:'__f& -Féeding R'até (nig/l)
' Reservoir " Rapid Mixer ° _. -. Fil'Tter: C._H’elll
~pac {Kmos | crp fAtm W80, | CI, | €1, | ol
wele [ 10 f - | - 18 | - |10 ] - | -
N | o (ug/%)
~after 6 hr . 24 .hr' ' 48 hr 96 hr
CHCl; 4 8 13 1
_'CHC‘12B r 14 26 44 42
"CHCI Bry - 30 6 170 7
CHBry 28 42 59 57
TTHM 16 122 - 186 Bl
o pH | Pv | DOC | UV | cL
Clorination Hater (Ihr) | 8.77 | 4.6 2.9 | 0.064 | 63 -
_Cloi‘ination Water(ddayé) | 8.80 - 29 - "'0.:042.-". .' 51:'-'-"‘

60 -



Condition and Résults of Simulation Test No. 9
{(KMnQO,. - pre Cl,)

Vig. 3-9

 KMnO, Cl,, Alum _ : o
Vol Loy . [
Reservoir | ' R.apid. Fglocc. Sett. : .
Mixer Basin  Basin Filter Clear well
2 hr : 3 hr 1 hr 4 hr z
C Feeding Point & Feeding R_até (mg/l) x
© Reservoir Rapid Mixor | Filter | C.wetl
PAC [KM0g| Cl, {Alum [HS0. | Clp | Cl, | Cls
mefe | - | LO| - | % [ S T/ IR
| .. (gl
after 6he | 24 hr 48 hr : 96 hr.
CHC g 6 0 16 12
CHC1,Br 2 30 43 43
CHCI1 Br, % 54 67 68
CHB ry 22 48 55 56
TTHM 66 142 181 179
PH | PV poc | UV cL
Clorination Water (Ihr) | ‘873 | 3.2 2.9 | 0.066 | T
Clorination Water (4days) | 8.76 - 2.8 | 0.042 .| 53
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Fig. 3-10 C‘omfif_ion and Results of Simulation Test No. 10
({PAC — KMnO, - pre Cl,)

" PAC, KMnO, Cly, Aluin

I I ' l
b = - H

Reservoir Rapid Floce. Sett, -
o Mixer Basin

Basin - Filter

Clear we'l_'l

P T T AT T
Peeding Point & Foeding Rate (ng/1)
‘Réserv_oir ' ~ Rapid Hixer Rilter | C.well
PAC [Kmo0g | C1, [Alm |HsS0, ] Cl, | 61, Ol
wmge | 10| 0] - | w0 | - | 10 ] - | -
L . g/
_ after 6 hr 24 br 48 hr 96 hr
CHCI; e 8 8 | 8
CHC1,Br 12 o 20 33
CHC1 Br, % | 4 | 56 54
CHBr, % . 44 sl 18
TTHM B ) 122 145 W
pH pv | pOC | UV cL
Clorination Watér (Ihr) [ 8.76 4.3 ._2..8 - _0..057 62
Clorination Water (ddays) | 8.50 | - ] 31003 | ds

62




ij.BJE__ Condnmhandl%ﬂuhsofShﬁuhﬁoﬁTbsto.11
(PAC — KMnO, —pre Cly — LowpH)

PAC,KMnO, Cl,, Alum, H,80,

RS N e R L

. Reservoir .Répid Rlocc, - Sett. st :
: o -Miger Basin’ Basin Filter Clear well
2 br 3 br ot YT A

Feeding Point & Feeding Rate (mg/1) |
B _ Rééefvpi; | _ Raﬁid'Mixer .:‘ Filter t.weil
| Cleac ko, | ci, Am |HSO. | €l | Clp | Cle
Comgec | 10 ] to| - | s | 8 | 0 | - -
o | e/
_ . after S'hr. o 24 hr - 48 hr 1 %
CHCly - 4 6 6| 2
‘CHcian” 1 6.0 14 24 2
CHC I Br, | .10 18 S (AR - -
CHBry | 6| 8 6 |1
TTHM ' % | 46 88 | 8
o pH | pv | DOC | UV | cL
Cibrination:Water_(lﬁr). ..7Q20._ 3.6 2.8 | 0.051 48
 bmﬁmw@mwm9 im — 125 | 0.034 27

— 63 —



Table 3-1 - Results of Simulation Test

Feeding Point & Feeding Rate (mg/@) . 1. CHCl, T'H M gre®)
Treatment Reservoir Flash ﬁixer . Filtt;r Ctear LR 'CH'CIQFI o ; :
No. ) well pH | 3. CHCIBry | Others
Process - 1 Alter o
O . - & OBrs | oone | 2ame | agne |95hr |
PAC |KMnRO4f Cl | Alum [H,504] Cly | €, Cly ]S TTHM e oo [{Ranky
T B 1. S I N STV VT
. 2 12| .78 | 38| 52
1. | Pee.cy 7 - 0 | 30 | - - - - }'son 3. 20| 28 | S0 |2
4. “16 | 16 8|27 )
5. 34 | 80 | 1337|143} (6)
i 1, 5 - 8 |-1s ] 14
s : 2 12 22 17737 F 4z
Pre. Cl; (D) : - -
2 - 10| 10 | 30 - - - - | 804 3. 722 4 | 54| 83
KMan
_ 4 18 ] 13| n :
s 58 ] 8 1139 | 141 | @)
1. 4] 6} 1 3 '
tpac _ . 14 22 [ .30 |, 29
3. | XMoo, 10 | L6 - 30 - - |.as | - | 158 3. 34| 48| T .74
Int. Cl; 4. 40 | 8¢ |- 77 { 8z,
' .5 92 | 136 | 18t | 189 | (9
L 4§ 4f 1.3
PAC 2 w| 16| 25| 2
4. | LowpH 10 - - 30 | 80 ~ | 85 ) - |les4 3. 22| 26 a5 ] s
Int. Cty 4. P T N N L
s, 48 | 58 [ 100 | 10977, @ -
L 4. | 1018 ] 20
PAC . L IEN 6 [0 |2 | se .
Sl i 10 -~ - 30 - ~ | 8s | -] 756 3 o |60 92]79s
: : ' a4 46162 | 83 | ‘86 |:
R 106 | 162 [ 243 ] 287 ) an)
L .2 A8l e
_ Lowptt . . |2 3 16| 28| 28
6. Int. Cly - - - 30 80 - g.s - 662 S 14 ;2 53. 53
: 4 ) 0 29 | 30
5. 30 72 | 118 [0} @
[ N
PAC _ . N 14| w3 3
L 10 = - 0 - = - 85 | 759 S 32 4] 10 1"7
4. 36 so | &0 s |
5 86 [ 116 | 188 [. 193 | g0
1. -8 [ 13 .7
M pac _ _ : . R a4 |76 ae [T a2
8. Pre. iy (M) io - - .30 ~ 4" 10 - - 8,77 3 39 -tﬁ 70 _ n
: ; -4, 2 | 42 |5yl 57
N IR 216 172 | s 1l o
1. 6.1 10 |5 | 12
KMRO, _ e 121 0| 43 ] a3
9. Pre. Cly @) Lo - 30 - w - ~-| 873 3, 26 | 54| 67| 68
. 4. 22 | a8 | 55| 56
5. 66 | 192 ] 181 [ 119 | ®
L 4 8] 8 8§
PAC 5 _ : 7. 12| Al w753
10. | KMnOy 1w | o} o~ | ! - S qeas [ 36 45 | 56| 54
Pre. C1, (i) ' 4 26 |- 44 ] 51 | a8
‘ $:0 68 122 145t a3 ] (8
PAC . e sz
im0 b el - a0 w0 |10 | - 220 [ ; ' 13‘ : :; ;: T jz 1
Bre.Cl (D 0 | ¢ ; . . - 20 3 _ _ :
Low pil 4. s 8| 16 17
5. %] 46| 3] 85| m

Pre. Cly : Pre Chlorination, KMnQy : KMnOg4 treatment, . PAC: Powdered Activited Cazbon '

Int. Cl3 : Intermediate Chlonnation, Low pH : wow pH Coagulation, Post Cly : Post Chlorination
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_(5) Caee No, 7

© . Ins Case No 7 ‘the. sample W‘rs post-chlormated following the f\ddltron of PA(‘ in an .
-attempt to ‘reduce “the THM - formatlon potential. No1ma11y the' THM formation potentral
should have been reduced consrderably by this kmd of treatment, but we observed nevertheless
that the T HM formatlon stood hl;:,her than in the case of coagulation at a fow pH.

-From: the above. cases it became necessary to check the quality of the PAC (Notit W-20)
obtained at the Zay Purification Plant against the Japanese product (KINTOL) As the result of .
perfounance test in Japan, we found out that the capability of Norit-W-20 was approximately '
50% lower thaw that of Jap'mese Kintol in 1egard to the removal of THM formation potential,
“as shown' in Appendlx 2 In this eonneetron we propose that an- adequate step be taken on.
the! part of Zay personnel either to use more:dose of Norit W-20 or to obtain a better quahty :
of powdered’ acfivated carbon which necessitates ‘change -in the. purehase specification. For
reference J apanese specifications are given in-Table 3-2 below.

'_l"able 3—2 Selectron Standard of Powder Activated Carbon (J WWA K 113——1974)

Lo Item o R Selectxon standard : | 0 S])L(.‘lllkdtl.()[l
- Graln size . ‘ * Surplus Iess than 104 100 meeh o '
E o o after ¥4 p ecrccnmg IR :
* . Methylene blue decoloration —_ | - More than 150 ml!g
= Jodine adSorptitm B AT - More than 1,000 mgfg
Dry weight reduction” . : '20~50% i S 45~¥50% ‘
- pH valne - _ S I : 4~11 : Ccd~11
Chloride - - ., - : S _.Less than 0, 5% : .~ Less than 0, 50’ :
B Lcad L - o . Less than 10 ppm " Less than 107 ppm B
Zine " 1" LesthanS0ppm . Tess than 50 ppm
© Cadmium e ‘ Less than 1 ppm Less than 1ppm
Arsenic Less than 2 ppm Less than Zppm’
- Conductivity = ] Less than 900 upfem S

Further about Nont W- 20 it is found that the morsture ratio of it is very low as 2% _
Therefore much trouble is anticipated while it is added mto water at Zay plant as the powder
would be flying about. Most of the Japanese products are about 50 % in the mmsture ratio.
Anyway, thls problem has to be tackled from different aspects mcludmg transportatlon costs,

. (6) Cases No ‘8 and No. 9 o

These are such that. we “compared the ‘cases using PAC and pre-chlonnation agamst
the dosing of KMnO,4 ‘with pre-chlorination.’ No difference of noteworthy is seen in ‘the THM
formatron between the two cases. : :
(7) Cases No 9 and No. 10

KMnO4 was dosed and pre- chlorination was made in Case No.9 and PAC was used
addltlonally in Case’ No 10. In Case No. 10, a reduction of 20 to 30% was observed in
the THM formatlon owmg to the PAC :
(8) Cases No. 10 and No. 11

- In addition to the combmatmn in Case No. 10, coagulation at a low le was initiated
in Case I1. As the result it was noticed that the THM form'rtron ‘was about 50 % less.

— 65 —



":F1g312

3-2 Evaluation of Case No. 11

- Among thc above. 11 €ases, the T’l HM tormatlon is tlu, smallest in Case No 11 due to
the fact that all of powdered  activated carbon, KMan and chlorine are added. Although
the method in Case No. 11 is best, it is d1fhcult to employ this in its entuety for roasons .
such as given below _ :

(l) Trouble Caused by Excesswe Doqe of KMnO, :

In the present test series using KMnO4, when a dose was in excess of 1 0 mg/!Z the 00101
of it remained cven after coagulation F10m this,: it is known that control should be: made
ovel the dose of KM1104 not to exceed 1.0 mg/?. In other tests-using the same ‘when a dose
was given at 1 0 mg/R, the TTHM: formation became ldlger than in.the-case of no dose, and
~ with a dose of 3. 0 mg/SZ the condition of TTHM formation became at last a httle better. .

In view of the above, it is considered not to use KMnO, as long as it means {0 reduce

the amount of THM formahon

(2} Prechlonmtlon and Intermediate Chlorination :

Agdm "Case No. 4 is the combmdtxon of three elements - PAC coaguiatmn ata low pH h
fmd mtermedmte chiormanon wlule Casc No. 1T has four — PAC, coagulatlon at"a low pH,
dosing of KMan and pxechlonnahon When the dosmg of KMnQ, is disregarded for the
reason mentioned in (1) above, the only difference is whether 1ntermed1ate chlonnatlon‘
or prechlounatlon by which the difference in the TTHM became 109 ug/f and 85 ugle,
respectlvely From thls it is evident that prechiounatlon is more effective in reducmg TTHM
o Howevel when one makes a careful examination over the cham(,terlstws of prechlormdtlon
and mtermedldte chlormatlon as given below we can hardly say that prechlonnation is better.

Intermedmte chlormation is: recommended by EPA of USA for ihe reason that it is
. cf fective to inhibit formation of THM, for it is able to remove the precursor to some extent
at some stages of coagulatmn and sedmlentatlon ' ‘

-Even though 40 — 50 % of the precursor is removable by coagulat1on and sed1mcntat10n
'_that does not necessarily mean that ‘the formation of THM is reducible by 40 — 50% ‘In
“reality, the reduction rate through intermediate chlorination is p1esumably about-10 — 20 %
- in most cases, because of the existence of total orgamc chlorine as graphtca]ly 1llustlatcd in

SRR o TOCL .
1000} 100 - o CHCl; -
R 5 e ResidualCl, &
= 8001Ls0} o B
. oo :
= 600} B60 s |™o%
o i Rt . T
B 400] 240 TOC 5 mgf? 410 Z
¥ . - {Open reactor) LA
200 20 : ) '
: * . @ g I

0 8 16 24 32 40 48
Chlorine Contact Time (h)

'Fig. 3-12 THM a;id TOCI formation ba_tte'rn of Pe_ﬁt'soil wafer
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Reference to the above diagram, total organic chlorine {3 completcs its formatlon in
a very short time after chlorme is 4dded to raw water. After this, part of the total orgamc
chlorine. ‘changes slowly to THM ‘O’ while hydroiyz.mg Thus, the tate of THM formation
rises . as the time goes by. Total orgamc chlorides h'ns a relatively hrge molecular weight in
many: cases which is easﬂy removable by coagulation and sedimentation. As such, mtelmedmte
chlorination is finished in one to two hours after chlori inc addition, :

In the prechlounated state however part having a large molecular weight of total organic
chlorine is removed by sedimentation. So reduction to some degree of the THM:-is possible
‘even through prechlounatlon However, the effect of THM reduction through prechlorination
or mtermcdlate c]llormatzon seems to be not so hlgh as the effect of pleeursor Iemovﬂ which
is obtamable by coaguldtwn and sedmlentauon

“Total orgamc chloride does hydro]yze with the Tapse of time and change to THM. So,
if the coagulation sludge is left unattended for a Iong time after prechlounatmn it would
possibly discharge THM inio the precqntation I1q1ud S

As described above, ‘the control effect in pre(,hlormatlon or intermiediate chlonmt;on
varies dependmg on the quahty of raw water or on the puuﬁmtlon condmon So, it is
nnpossxble to. say what effect is obtdmdble in gencral. Howevur as there are many exampIes
from which it is known that intermediate Chlonmtlon is more effectlve than prechlormatlon
in reducing THM formation by 10 — 40 %, it is 1ecommended that _smmiation tests be made
again to further eonfirm the glven data.

From the foregomg, it is understood that Cases No. 4 and No. 11 are most effective,
And when thesc two .cases are compared the method used in Case 4 seems ‘better for
.the reason that prechlorination does not seem to be a good method for Iedu_cmg THM in
general as mentioned aire'.ady,' and 'cdlor control is difficult in regard to the use of KMnQ,
with no effective result in THM reductlon So the best onc is the combination of powdered
activated carbon, coagulation at a Iow pH and intermediate chlorination.
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4, Recommended -THM- Reduciion Measures ét.Zay _PIant :

In this Chaptcr we. presont qomc 1)1'1(;[210(:1 measures whlch can be apphed at tht, Zay‘--
Water Puuflctltion I’l'mt for reducmg, TTHM " from ‘the dnnkmg water. -In. this connectlon
we use the simulation test ddtﬂ of the Ldst Ghor C'mal raw water samples whu,h we blought

back to Japan

4-1 Me%tire"s" uuder Existing Purificétioﬁ ‘Sys'tém'

As descubcd m the pwwous chapter concemmg the mmulatton test 1esults the most
effective method walldble from . the data is consldeied to be such combmatlon of processe:,
namely, coagulatlon at’ low pH, dose of powderﬁd actlvated carbon and mtenmdnte
chilorination, Slme mterme(lldtc chlorination requnes no reCOHSUUCthH of the ex1stng
equipmcnt we dcaI now with the other two ploblems o

t) C()agulation at Low pH ‘

(n Effect of pH Control _ : _
Flgs 4-1, 2 and 43 below show the effect of THM removal by pH contml wh1ch have'

been made publlc m Japan

100 1
- r0c UVEzso_ o
N No add coagulant ' _
80+ h '%/Colour _ S
o - | {1000 &
< o0y 100 mg/e TTaM &
g “Alum - Ao
= ' / =
Q& L o O
& 40 _ =
: 4500 &
W S |
- 201 \ . 9//
0" Raw water TOC 31.5 mgl
0 ' L . Cllz 101|ng/}2 0
3 4 5 6. 7 8 9
(rH)

_ Fig. 4-1 Removablhty of THMFP and Orgamc Substances
by Coagulation, Setthng and l 1ltrat10n
(Al?awa Magara)
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Residual’ (%)

Coagulation pH:

Waste wute_i t:ea_tment-plent

Fig. 4-2 COBQUEatiqn.maij of waste water treatment p.lant water

100,
80}
6oL

40

© Residual (%)

L .
L0 YtaM

3 i 1 1 -
34567859
Coagulation pH

Waste water from nig[rft soil treatment plant

Fig. 4-3 _Co_aguléfion 'ﬁia'p_':df night soil treatment plant water

THM formatlon varies by pH ‘The data shown on these charts are test examples of
the removablhty of THM preeursors when’ peaty land water bxologtca!ly treated waste water
and treated nlght soil are coagulated and settlcd by the use of alum under changmg pH.

As seen the removal effect of organic substances becomes hlghest at-about pH 5-6 and
at the same tnne the THM formation potentnl reduces in the hke pattern in each exaini ple

The average pH of the. water taken at Deir Alla is as 111g11 as 8. 10, so that no one can expect
a subatantlal THM 1educt10n effect of the water as scen from the examples. Accordingly,
we cons1der ‘that if an alter'ttlon is made of the equ1pment as to lower pH in coagulaﬂon '

some effect would be attamable
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(’>) Rcsults of‘ilmuidt:on Tests . :
The effeet as g,wen in Case 4 of sumlhtlon tests is attl 1butcd to the combined process —

uuectlon of powdered actwqted carbon, coag,ulatlon at low pH md mtelme(lnte Cthl‘in'l‘fIOH
As regards the pH lowmm,, we injected 80 mg/? suifuuc ’tcxd thus keepmg the pll at about 6.5
for co*tgulatlou so that'we could 1cducc the THM. to 109 g/ after 96 hou:s approxmmtcly
40 % of the worst 257 pg/? in Casé 5, as seen in Tf}ble 3-1. S :

As of Cases No. 6 and No. 11 in whlch we also used low pH; thc results were 117 pg/?
and 85 ue/8, respectively, mdlcatmg, that the coagulation at low pH is effective in reducing
THM. In each case, we used a eubetantmlly larpe amount of sulfuric acid as 80 mE,/Q

:(3)  Additional lnstdllatlon of a SLIlfllI‘lC Acul luJector
A. Posmbmty for Substitute Use of Emstmg Pump .

As there is no sulfuric acid injection :pump’ existing at the Zay Plant, we checked a
possibility to use any of the exmtmg pumps. f01 thts purpose. The one that diew our attention
is the caustic soda injection puinp as theré is no ‘need for alkalmng (Apart from the ‘problem
of chemical resistance of the pump.) However, we | found it madcquate due to the fact that
the injection capacity is so small as 10 mg/Q _

} As such, the only way lelt in this conncctlon would be to purchase a pump uqefnl for
~sulfuric acid” ln_]CCthI'l or to plov:de a tank of grzmty f]ow«clown type. Moreover, it would be
necessary to install a storage tank to '1ccommodate a large quantity of sulfuric acid., '

- Of the p;oposed storage tank, the capa(:]ty should be about 70 tons according to the

'followmg formula, prowded that the supply ol sulfuric acid be taken weekly and a maximum
injection quantity be 80 mg/R; if possd)le unde1 the local supply condltlon

80 ghm? x 123,000 m?3/day x 7 days = 68.88 tons = 70 tons

: Suppose the dimensions of the tank be §m x.§ m x'3 m, the capacity would be 75 tons
~ (with a margin). A plastlc tank of this 51ze would cost approxmldtely 6 million ven, accordmg
to the Japanese market pi’lCC
. B. Injection Device .

The gravity flow- down mjcctlon systetii reqluree mstallatlon of a storage tank i the
vicinity of the raw water regulatlon resewmr, and a flow regulatlon valve on the tank to
“let. sulluric acml flow down and drop ‘into the roservoir. An ddvantage of this system is the
~simpleness in the construction of ‘the device. Howevex there are some disadvantages involved
in this System such as that the dlops may not be well mlxed with the watei in the reservoir
bemuse of the gla\uty flow—down mode and frequent check is reqtured ovel the lnjﬁCthﬂ.
-quantity following change of the flmd levcl in the tank as., tlme goes by (Mdnual control of '
injection quantlty would be mcxpenswe) However ‘the - latter problem could be solved if
'thc tank would be placed higher or if an automatic Iegulanon valve would be p10v1ded on
the tank though an exira cost would ensue _ . '

In tlns respect we give cost estimates as follows accordmg to Iz apaneqe market pnces

— When the tank is raised : B
' Tank: . . ¥6,000,000

Valves and Pipings ¥ 500,000
© Frames: o - ¥2,000,000
TOTAL : | ¥8,500,000
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— When a regulation valve is mstalled on the tank

- Tank: - 0 - S ¥6,000,000.

- Regulation: Valve w1th ﬂewmetel ; ¥2,500,000
Frames _ . _ ¥l ,000;.000
TOTAL | T ¥9,500,000

- C’o’st'of Sulfuric Acid'- @¥23 per. kg
80 g/m x 123 ,000 1113/day X —TOIW X ¥23/kg
¥226 320 per day (Equwalent to approxnnately U9$1 OOO per day)

011 the other hand the pump nnectlon system is advantageous that A t’mk mstallatmn
s;te can be optmna]ty selected and 1IleCt10n ean be made to a point in the resewon where
the’ best, mixing effect is obtamab]e Howevel th1s would reqmre 1ea11angements with respect
to the existing electric, instrumental and other associated facilities. The total cost in
_ conjunction with the pump injection system wQuld be as f'o]l_ows-acco'rding'to our 'estimation:

Tank: T ' - ¥6,000,000
- Pump with flow regulatmg system ¥,'1,500,G‘00
- Valves and- Pipings: _ ¥'1,500,000
o _-'__E]ectnc and mstrumentai - ¥1,000,000

_TOTAL e | ~ ¥10,000,000

By comparmg the above two cases, we recommend the latter (the pump mjeetlon system)
because it is more effective for accurate contiol. .

C. Remarks’ about Injection Point

In elther of the glaV1ty flow-down system and tlle pump 1n3ect10n system it would be
necessary to choose an adequate point in order to attain a sufficient stirring effect. The point
in questxon should be where the flow rate is Iughest that is either into ‘the ‘induction tube
leadmg to the rescrvoir or into part of the reservoir by piping close to 1ts outlet,

D. Matenals ‘ :

CAs regards the matenai for the tank we conslder it adequate to use SUS316 or phstw'
or rubber lined one ‘when the fluid used is undiluted. sulfuric. acid of 98 % concentration.
If sulfuric acid to be used is less than 98 % in concentration, SUS3I6 would be of no use
due:to higher conosmn rate. ' o :

AS for plpmg to the tank a matenal like vmyl chloride or rubber lining is most su:table
_ and as for the port10ns ‘to contact the fluid of the pump, flowmeter and regulatmg valve,
it would be' necessa1y to spe(:lfy a material of chemical resistance.

E. Instal]atlon of pH Meter ‘ ' _ .

_ ‘For conflrmmg the pH cofitrol effect it is necessary to. measure a pH value at an-
_appropnate point of the reservoir after mjectmg sulfuric acid. As regards pH meter it wonld be -
very s1mple fo mstall one of . permeat:on type on the back side of the rapid mlxer In this case,
Cit. would be. -necessary. to lay cable’ for the terMTIlSSlOI] of mecasurement signal to the confrol
station. The total eost for the mstallatlon of apH meter is est1mated as follows:

‘pH meter: ' ¥1,000,000 ¢
Cabling: - : © ¥ 200,000
TOTAL _ S ¥1200,000
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F. Total Cost .
The total “of all the costs: given above covering the mstallatjon of a new stomgc t'mk

the pump injection system and the installation of a pH meter would be around ¥11 200 000,
according to the Japanese market prices.
The cost of sulfuric acid would be:

¥226 ?20 per day (equivalent to 'xpploxnnatoly US‘S] :000)
 ¥1.84 per cubic meter (equwalent to approxunately Us 0.8 cent)

2) Powdeied Actlvatcd Carbon (PAC)

The [act that the PAC used in the bnnuhtlon tc,sl sencs was not very effectwc seems to
attribute to an inferior quality of it. However, the effect of PAC is undeniable, so combmed
' apphcatton of 1t is recommencled The more the PAC the more desirable it is to g'lm a better
effect. But, the PAC i$ an expensive materlal Therefore 30 mg/Q seems to be plactlml and
50 mg/ g scems to be the limit.

A, Infmmatlon dbout Powdered Activated Carbon in J: apan

Pxesently, 23,000 tons of PAC is consumed annually in Japan and much of the PAC
is. m'tde from sawdust by chemical treatment or by steam activation after heatmg Of the _
pIOdUCthI‘l approximately 22% or 5 000 tons is made by chemlcal treatment and the rest
(78 %) or 18,000 {ons by steam actlvatlon Beside sawdust cownut “husk can also be used.
The Japanese domestic price of the PAC is ¥550 — 650 per kg (equivalent fo US$2 400 to
2 900 per ton) in a dry state (mmsture content: O%) An Ind1an product is about’ USSSOO
per tom, though the quditty is inferior. - : o

‘ 'B. P0551b111ty of Domestlc Pmductlon in Jordan

- As PAC is expensive, it is desn‘able {0 pnoduce it domestlcailv when a Iarge consumptlon
_: is expected. If sawdust is available in a large quantity, that is most su1table Coconut husk is
_ useful, too. Besides, a study about usmg whe‘tt husk is unde1 way, but this is not matertahzed
yet. . ‘
C. Cost f01 PAC Increase .

The price of dry powdered actwated carbon is estunated at ¥600 per kg (¥0 6 per gram)
Besides, the cost for enIargmg the capacity of the existing PAC imjection eqmpment seems
to be mdlstmct but, dnyway, it is estimated at ¥3 nulhon

When the ll"ljt,Ctl()]] rate is 10 mg/SZ 10 g/m X ’150 6/;, ¥ 6/m? .. ¥ 738,000 perday
When it is 20 mg/2: _ - 20g/m? x ¥O 6/g ¥12/m . ¥l 476,000 per day
When it is 30 mg/g: : - 30g/n? x ¥0_.6/g = ¥18/m? . .. ¥2,21‘4,0(}Q per day

4-2 Introdiiction bff G'rannhr Ac"ti\"ate.d Catbon (GAC)

Tt is alleged that the GAC tlcatment is an effective. method for removal OFTHM fcumatlon .
E potuntml and THM. Fm practical '1pp11cat10n of GAC, however deliberate dssessment and
investigation . to;_.,ether with experiment should be made in advance. In ‘the foltowmgs we'
explain test methods, 1eactwat10n methods treatment costs and othe; as ‘well as our opmlon
with 1egdld to the effectiveness of GAC. '

In our opinion, GAC should be mtroduced when the total THM is not be decreased to
a dcsued level in spite of the way_s and means mentioned in before mentioned.
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i). Effectweness of GAC .

Hete we descr;be brleﬂy ‘1b011t the effectweness of GAC i in accordance with some prachcal :
and experimental ex'lmp]es THM reduction techniques mcludmg the use of GAC are described
in details in *‘Treatment Technigues -For Controlling Tnhaiometlmncs In' Drinking Water
(presented to Dr. Abdultiamid Khatib of Water Laboratories, Water Authority of Jorddn)”

However, we confme our éxplanation to the scope of Japaneqe research-cases.

The tréatment effects about river water are such as shown in Fig. 4- 4 and Flg 4- 5
Fig. 4- 4-is an éxample ‘of THM removq! by GAC after river water is first prechlorinated and
then coagilated and settled. Fig. 4-5 is an example of THM removal by GAC after river water
is first coagulated an_d settled and then 111termedmte—chlonmted_ and sand filtered.

60 ‘ :
Sv=5.2/h

40|

]

1

-

1

Before GAC :
o

i

Alter GAC

10t

THM FP (Formation Potential) (nz/%y

0 20 40 60 80
Running - (Days)

Fi 1g 4-4 Prechiormatlon - Coagulatlon - Sedlmentatmn — GAC Flltratlon
" (River Water)

(o)
= -

SV=5.2/h

Com _ o Before GAC '
S : D After GAC O~50 |
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Running (Daﬁfs) ’

]
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THM FP (ug/9)
=

=

Fig. 4-5 é&)agﬁlaﬁon — Settling — Intermediate Chlorination — Sand Filter — GAC Filter
{River Water)
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Aceo:dmg to the abovc data in I<1g 4-4 using preohiounatlon ch]orofmm fo;med through :
pxechloumtlon (not shown) and total ’I‘IIM ‘beconie umemovable at all in. 53 days and in
60 days, mspect;voly, when the: water is plocessed at a5 2m of space veloaxty per hour.
Also, as shown' in Flg 4- 4 THM fommt;on potential’ removal 1ate dxops to bolow 50% in
approximately: 60 . dqys However, " as the break thlough of brommated trihalomethanes, 8,
later than chlotoforin,’ the life: of (:AC fitter dt the Z*ly pldnt is assumed fo be longer than
that shown i in Fig. 4-5. g S C . BN '. ; L

hg 4-5. gives the d‘ita obtamed by GAC ‘tredtment - of river- water in mte:medlate_--' .
chlormation Unlike the data in’ Flg 4-4 the TH’VI removal late 1emams stﬂl high even m about :
100 running days. - , I o T L : e

From these data, it s Lonmde:ed necessmy to. sholten the penod as much as p0351ble
from eh]ounatlon io GAC f11trat10n In other wo1ds mtelmedmte chlonnatlon is better than- ‘
prechlornmtlon in. obtammo THM reduction effects. .

In the toregomg, we referred to typical examples of process ablhty by compalmg-
prechlonnatlon and mtennedlate ehionnatlon on .the assumptlon that GAC 'is used instead
af anthracite in the existing. rapid filter.. In the case,. howevez an. add1t10nal absorpt:on filter -
would become necessary for removal of precursors wluoh would requlre an eomplehenswe
study  concerning such matters dS removal effect stlucttue of a new f11ter and hydrauhc

condition.

_ : P

= . : A 0.465 . Vxﬁzﬂt
0.3} P
' g‘(‘ Befors GAC

£ 2 '

0.
3
o,
i
2 ; .
ﬁ 0.1 ~ After GAC
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0 - 30 .60 90 120 150 180 210 240
Ruﬁr_:ing (Do}'s) .
* THM 1 pmolff. = 11.9 g (CHCL)/L

Fig. 4-6 GAC treatment for THMEP removing
‘ (River Water)

Flg 4.6 shows a test example in. which river water is fﬂtered directly through GAC in
an attempt to remove presursors As S{,en the removal rate still keeps 60 % even in as long as
240 day
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As above we! descnbed bneﬂy about the effectrveness of GAC, and we. now conclude
that there ale two alternatrve methods of usmg GAC for. effectwe ‘treatment; elther in frltermg
raw. water to remove precmsors or in removmg formed THM after: mtermedmte chloumtlon
When consrderatron is given about. the present flow system at the Zay Plant, the best feasrble
way w1thout ‘requir mg an extenswe remodellmﬂf on the existing structure secms to- bo the latter,

_ that is; to- fllter eoqgulated wwter by: way of GAC atter mtermedlate chlorination: If this idea
s practrcal then the anthracrte now in the rapid f" lter should be replaced by GAC, '

: In. the. followrngs we descube various matters mcludmg test method 1egfrsdmb the
mtroductron of GAC to the Zay Water Purlﬁcatlon Plant,

2y The Contents of Pilot Plant Test i

F or thrs purpose a long—range plan should be made after mvestrgatmg ‘Telévant problems
. such as the dlfference in performance by types of actrvated czrrbon the removabrlrty and

(l) Type of Actrvated erbon _ - . . : 7

There are coal, coconut husk petroleum prteh and some others whreh serve as mdterrals ;
for the produttron of actrvated carbon. For removal of the precursors havmga }arge moleeular. :
- weight like. humrc substance actwated carbon of a type w]uch has relatrvely adsorpuon pores_'
a5 3 — 20 nm IS useful. Tor this, GAC made from coal whrch has a large proportmn of

. . 3~ 20 am, pore diameter -is. generally consrdered betfer surted than. the GAC made from

coconut - husk beeause the latter $ pore dlameter is smaller But, there are some data avmlable ‘
to the. contracy, 50 thrs ploblem should be tackled carefully , _
As the GAC. made from petroleum prtch is hxgh in hardness dnd drff‘ cult to break off

it would bé possible: to speelfy a pore dlstrlbutron and grain’ size to soine degree. : '
. The adsorption capamty of actlvated carbon is dlsproportlonal to the gram size of it

'Theretore, the smaller. the gram size, the . larger the adsorptron capacrty GAC becomes

However when a view is given about replacement of anthracite by GAC we th]nk it no good

' touse a small grain. size for the reason that the herght from the activated carbon surface to

the ‘overflow trough of exrstmg filter is already fixed, permitting no reduction in the beek\;-‘resh.=

velocrty : R : '

In' selectmg one from among the types of activated carbon the followings should be

" checked in advance: ' :

' — The. dlfference in adsorptron capacrty in regard to drfferent types of mateual

— The dlfferencc in adsorption capacity by’ grain sizes.

~ The hardness of GAC, and the 1ecovery rate and the residual adsorptron capae:ty
in case of geueratlon

"(2) Irwestlgatlon of Hydraulrc Properties of Frlter
' As mentroned above, the smaller the grain srze the targer the adsorption capacrty, but
-contrarily, the: water. head loss becomes larger Since carbon of smallet- grain size tends to flow
out. during backwash it is mevrtable to use carbon of relatlvely Iarge gram size at the sacrifice
waler ener BY. ‘ :
In this case, the- followmgs should. be checked: .
— The expansmn rate in baekwash by different: types of carbon in respect of grain size
. distribution. {The expansron rate-is limited by the height of the trough, unless it is
raised. Smce the expansion rate varies by water temperature it is recommended to

- check 1t when the temperature is low.)

— 75 —



- i‘ he: variation of w'lter head lo-,s betwcen the CdSeS of fziter runmng and bclckwashing
© (This is to: cheek a tunmg for backwashmg) '
(3) Eqmpment PR . AR . .
_ lor testmg, tmnsparent columns to be ﬁbucated wlth ;lcrylle rcsm by reference to'
the drawmg shown in Fig. 4 71 shali be - pxepdred The prefened numbe] of columns wouId'
be l}ve or it least three _ o : '
F]g 4-7-2. shows a skeletomzed desxgn of the frltratlon system in Ir'rg 4.7- I The f]!termg _
. column should: be: desrgned to have a helght eonespondmg to the level of the trough 111 the :

exrstmg frlter o TR : ‘
Now, the essentmls of the ploposed test equrpment whwh would compnse 'm samphng L

_ pump, a pressure tank and seveJ ‘11 adsorphon columns are fol]ows , =
Of these, the samplmg pump would have to’ be’ mstal!ed m the settlmg bdsm but 1f_
the emstmg sampimg system is useful that would be unnecessary : : o
E'rch adsorptlon column should be 80 structured that the rise of the column to the
overﬂow level from the GAC ]dyer correspond to the overﬂow trough !evel from the; anthmcrte '
!ayer in the 1'1p1d trltrahon pond The pressure t’mk shouId be ad;ustable vertlcally 1o meet -
the depth of mlet water 1n the pond . T B e T
- For easy feed of GAC mto the coiumn it is recommended to make part of it detachable
or to provzde a hole around the m:dd}e part of ;t Por removal of GAC it is' re(.ommended f
to provrde a Aumber of taps on the Iower part of the column so that GAC eould be washed’ :
out at backwash’ when “the test is' over. Fiow regulatron would be made by means " £ i \valve'E
" installed on the bottom prpmg For the measurmg of a° pressure loss specml prpmgs ‘o
drfferentral pressure gauges of mereury column type would be mstalled on the top dﬂd bottom. |
of the column Pl e e UL
" What 1s very unportant here 1% the necessrty of plqcmg test equ1pment of thls rype in
a dark p}ace bccause if 1t is ‘exposed. to hghts algae and other mlcroorgamsms would grow
“on thié sur faee of the C‘AC and asa result they would- form of mud bafl msrde the column '
“The' total’ cost for flve columns of thrs type would ‘be- about ¥6 mllhon accordmg to-
the Japanese market pnce - ' g ' S
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Métho’d of Pilot Plant Test Imblemcntation
The test should be made in the following order:

(&) Procure actlvqted carbon of different grain sizes from mdnufacturers

(h) _Check ‘each type to make. sure whether or not it can still.be put to use again after
o .chkwash ‘with or w1thout :ncxeasmg the tluckness of the layer.

- (¢) . Check mnout of GAC dccordmg to its grain sizcs fo1 comparison under simultaneous -
\operfltlon of filters :

{d) Plck out the best one and setve it for along 1ange test

{e) Check the reactivation pr operty of it.

L Further about the above five steps:.

(&) Plocmement of Actlvated ‘Carbon

Get as many different types as possible in a total quantity equwalent to fen times
the total capac1ty of the columns

(b) Backwish . : :
— Prepare anyone of the columns with anthrdCtte in 1t wluch should comprise same

ﬁlter cornposmon of the exlstlng Iapld filter. 1“ his column should be regarded
‘as control one. w1t11 respect to other test columns. :

Prepare - each of the other columns- with GAC fo a he1ght equal to the anthracite
level in the stanclard column “and do- backwash in the like manner as performed

. in the ex1st1ng filter to check the GAC run out from it or not.

— If GAC is seen not running out into’ the overflow water, then check the possﬂnhty

‘ of mcreasmg the thickness of GAC layer in 1t and how much.

Flom the above, it could bé known as to ‘what grain size which did not run out
“from the ﬁlter would be usefulin practice: : .
Beszdes as theré a kind of dust or fine carbon parncles 1nc]udcd in some typcs

- of GAC it would also be necessary to check if anythmg like that is runmng out
- at backwash :
(c) Runout Rates

Plepare each of the columns (other tllan the standard one) with the choice

factwated earbon and pass water snnultaneouslv into all the columns Then, take
‘water: samples from both ends of each column and check water qualltles of influent:

and efflient. In this case, it would be allowed to set a water veloctty faster than
the actual flltratlon specd. But if so donc backwash would have to be made more

: frequently due to hlgher resistance to the runnmg water.

After this, measurement should take place of many items about the mlet and
outlet samples. THM and THM precursors are prn1c1pal ones and others include

‘_the ultrav1olet absorpt1v1ty, TOC PV, dlSSOlVCd oxygen pH water temperature
. and as' many more as possnble

The measurement should be carried out at least once a’ week, ‘not necessanly
everyday -At the same time ‘the quantity of filtrate.and head loss by filter should

: be checked as well

When there are different types of good actwated cdrbon the test should be made -

':'sepwrately as’ necessary ‘However, an attempt -should bc made each time to

.detenmne which one is best and more test made of it in a sufficient quantity

to verify the usefulness of it.
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— Backwash. would be made about once a week as a rule and necessauly w:thm
the same day of the test. ' B
{d) Long:, Range Test ‘ D v
— Prepare the standard column with a new supply af antlnac:te dlld one of the: test
columns with the choice GAC and, if necessary, any of the others tikewise, all
with a thicker layer. : o ’
— hlte] water at the same speod as used in the filter 'md do backw*xsh several times
“in repotltion at a rcgu]‘nr mtew*ﬂ . : Lo
— Measure those items, the same as mont:oned in (c) above, at.s;avera] tim‘es in
repetition. C R
— Determine an active life of the treated GAC w1th the plowsxon a mqrgm accordmg
ihe fliter funning period.
{e) Regeneration L'fflcmncy :
— From the known active life from the 3bove it is possjble to determme a
. regeneration cycle. '
~- Assuming that the ﬁilmg hight of actwated carbon is G 60 m dnd the life of it
30 days:-

. Total fill-up: ©  0.60m x 8:8.;32 m? /u_lﬁt % 6 units -
' ' = 317,952 m? x 0.50 t/m3* = 158,976 Tons = 160 Tons
(* GAC Donmty) S

F]om the above it is known that 5 tons of the used, GAC would have to be
 reactivited everyday (160 tons + 30 days)

3) Repiacing Method and Cost

~This"is simply to remove anthrac;te and fill GAC in p}ace of it, from one pond to another
As soon as replacement is ﬁmshed the pond involved should be backwashed and then witer
is filted. In most cases, no chemlcal treatment is made of GAC, so the pH of the water passmg
through may rise to‘as high as 1. Iherefon, the water should be dlluted through the other
five ponds until its pH goes down to an adequate level before movmg on the next pond.
. The quantity of GAC reqmred for filling each fﬂter would be as follows prov1ded that
the density of GAChe 0 5 ton/m

88.32 m3/unit x 0.6 m = 52 997 m* x 0. 50 ton/m3 = 26 496 tons/umt
The total for the six units plus a margm ‘of tw0—pond equ_waient_would be:_ _
26.496 tonsfunit x 8 (6+2) = 211,968 = 212 tons.

- In Jap&n,' the GAC from coal is priced at ¥650,0dO per ton, and the GAC from petroleum
at ¥3 million per ton.  Therefore:

GAC from Coal: 212 tons x ¥650,000 = ¥137.8 milllon
GAC Frt)m Petroleum: 212 tons x ¥3 m = ¥636 mzlhon

_ Activated carbon would lose 2 10% in quantify’ through :,ach reactwanon process,
relatively more on the coal derivative and less on the petroleum derivative.
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4) Fstinntion of Life of AC't.lVdIEd Carbon

At the Zay water punflcat]on plant, the flltaatlon ve1001ty (LV) is 230 m per day
(=123, 000 n13/day + 188/32 m? x 6 units), the space velocity (SV) i is 16 from:

(= { 230 m/day (— 123,000 m> /day/(88.32 m® x 6 umts))

and the contact time of actwated carbon is.3.75 mmutes from
‘ (0.60 m (depth)/LV) % 60 minfhr = (0.60/(230/24)) X 60

As-known from the above, the contact time is short as less than four minutes as the
filtration layer is couespondmg}y thin. Accordmgly, the space velocity, an indicator of a
. volume of ‘water passing per hour agamst the volume of the activated carbon, is consldeiably
]11gh : _ _
When intermediate chlormatlon is madc the life of activated (,arbon is sald to be over
at a rate of 5, 000 to 8,000 times the volume of GAC. Assummg that the rate bc as high as

10,000 times, the life of it would extend to approximately one month after each 1nte,1med1ate
chlorination, as:

(52 992 n13/un1t X 6 units x 10 000) + 123,000 1113/day = 25.8

In tlns case, a regeneration furnace capable of six tons per day (5 3 tons as given in (2)-(e)
,would be necessary

This value is assumptive, of course. A real value should be obtained by experiment.

S')- Regeneratlon of (,arbon

Actually, the actwated carbon layer at the Plant is thm 0 the hfc of the activated ca1b0n
is thoug,ht to be relatwely short. 'In {4) above, we made a trial calculation using an assumptlve
11fet1me of 10, 000 times. However if the actual life is 5 000 times, then a substannally Iarge.
re'lctwatlon furnace capable of 10 tons per day would be necessary. .

Reactwatlon could be made on the part of manuf"tcturel of course, but when
transportatlon costs and the costs of additional actwated carbon needed for a relief during
reactivation are taken into account on- -site reactwatlon is considered appropr;ate

For your mformation a ten-ton wactwatlon furnace is given below with techmcal data

and cost: - _
Model: . . ' Multlple stage furnace _
Out51de Dxmensmns ' Approx 3.5 m.in diameter, approx 6 min he1ght
Fuel: - Light Oil, ‘0.6 m?fton of GAC o
Cost of Qil: ¥40,000 per ton (= 0.6 m3/ton x ¥62,000/m? = ¥37,200)

Furnace Constxuctlon Cost (mcludmg boiler and other associated machines):
Approx. ¥250 million

Yor the operanon of a reactlvatlon fumace llke this, hlghly technical control would
be reqmred ‘over ‘combustion temperature, oxygen concentration m combustlon gas, etc.
However, this is not so a difficuit problem as a system of this type is largely automated
so that it could be operated by the local staff only upon training by manufacturer.
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4 3 Reducnon of THM by Blcudnu, w:th Available Water”

The warex puuflcatlon system prevmlmg in the Amman arca usc ‘raw water taken &om _
wells and oases so that the THM formation potential in the water is extlemely fow. In thls '
connection, therc are two alternative methods are conceivable from a THM reduction, vrewpomt
for future water supply, that is, -whether to supply the punfled (anal watel to sep"n‘ate areas
or to'supply this kind of water by blendmg with the presently puuﬁed wate1 . S

However, the former method would inevitably be exposed 10 risks. to- be caused by the
THM in_the water, so, it is antlcipated that the dwellers drinking thls water would ‘put out
a Lomplamt The latter method would also be unsatlsfactory but the who]e popu]atlon of
Amman’ would hopefui]y take an equal share upon :ecogmang the -fact’ tlnt the takmg of '
water from the East Ghor Canal is a miust in view of ever mereasmg volumes of drinking
water owing to the populdtlon increase and the 1mp10vement of the Imng standards in’
Amman, _ : : ‘

Froni the above dspect 'mothel method is also concewable “that is to blend the water
commg “through the ex1stmg system from the wells and oases dnd the water commg from-'_
the Zay purification pIant ' ' ' ' '

In this case, there would b(, two sites uscful for blendmg, the terminal. reservoir and
the others in the Amman city area. The latter would require a less extensnfe alteration
for blendmg 'On the other hand, howevel the terminal. resérvoir has a larger capacity of
250 000 m? in wluch a volume of ‘water equivalent to two days supply could be stored.
Therefore, the amount of THM of the water in that terminal reservoir “would have reach to
. maximum terminal state. About the water with high THM formation potenttal 1t is consulered

) better for supply as early as possible to decrease 1nstantaneous THM of tap water in service area.
Therefore, blendmg in the terminal reseivoir would be better in order to de(,rease a retention
time of water supplled i"‘rom Zay plant, if practical. '

Our cost estimates for blendmg are gwen below

Case A: Blending in the Amman City reservoir, with a pipe line of SOO mm -in
dlameter and 15 km in length laid down and ﬂow rate control made at
the mfet to the ‘water supply plant: -

Piping work o ¥ 600 million '
Rcstmcturmg work 20 miltion :

Case B: Biendmg in the terminal reservoir, with-a pipe line of | 000 mm in diameter

and 40 km i in length laid down and a pump station mstalled
' ?tpmg work:. ¥4,000 million
* Pump Station: : 200 million

4-4 Use of 'Syntheti.c Polymer Coagulant

_ In the test usmg cationic polymer coagulant w1th an aim at removal of THM precursors
"~ by Loaguldtlon—sedlmentatlon we succeeded in oblfumng a good result. We meintioned briefiy
about it hereunder (by Dr. Y. Magara and. T. Aizawa). As for a cationic polymer coagu]ant
‘the EPA-of USA permits a dose of Betz 1195 to 25 ppm. ‘ : . o

. The test result in which Betz 1195 was used in combination Wlth alum is shown in Fig. h

Notes:. Sample water conhmmg added kdolme ‘was used to reproscnt sewage water
discharged after treatment. Therefore, the quality. of it should differ from river water but
the test 1esult could be used to analogize effects of the cationic polymer coagulant conc_erned.
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Fig. 4-8 Coagulant Dose and Residual Turbidity

Fig. 4-8 shows the removal rate of turbid:ity: by combined use of alum and Betz 1195,

From the above figure it is known that when Betz 1195 alone is injected excessively,
the flock disperses and the turbidity increases. When both alum and Betz 1195 are injected
in. combination after a dose of alum is sct constant at 1,500 'mg/Q'while' Betz is dosed at
varying: rates, " the turbidity removal rate becomes higher than in the case of alum alone or
Betz 1195 alone

Flgs 4-9 through 4-14 show removal rates of TOC TOXFP, THMFP color, E260 and
E220, respectively
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| Fig. 4-9 Coagulant Dose and TOC
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‘Fig. 4:14 Coagulant Dose and Eggo

As obvious from the above figures, the tested substances are removed at almost the -
same rate in either case ‘of Betz 1195 alone or alum “alone. Howevei ‘when Betz 1195 and
alum are used combinedly, the removal rate of each substanw is séen to increase. 1t is roughly
70 % about TOC, TOXFP or THMF P, arnid hlgher as approx1matcly 80 to 90 % about color,
CEggp 01 Es. _ - :

The dose of alum-used in thls test was SO much as 1,500 mg/Q as agamst the 60 mg/k’, '
dose at maximuni at the Zay Pi'mt :

ft is advised in this connection that first-a jar test be made by changmg a coagu!ant dose
and ‘a synthehc pc]ycr coagu!ant dose and, after conﬁrmmg its effcct the use of alum be
considered. : : :

4-5 Intake from Another Pomt Up from Yab1s '

As nwnt:oned in the section of quahty analyszs of water the water taken from Deir
Alla is considerab]y contanmnted by human and agmultulal actmtxes and the total’ THM
is expected to rise in excess of 100.ug/? by normal processmg In the sections up. to the
'prcwous one, we discussed various measures’ one by one wlnch can bc puf into practlce within
the Zay Plant such as the strengthemnﬂ of powdercd dctlvated carbon, the introduction. of ‘
'low pH " coagulation, the introduction of 1ntermed1ate chlounatlon the use of granular
activated carbon . and the possibility of synthetic polymer coagulant Also, we suggested
blending of the Canal water with the w‘lter ﬁom the exnstmg weH ‘water system at supply'
and distribution points. '
As each of the pmpos‘{,d measures above-.is necesmatcd from the tact that the Canal _
- water is L,ontammdted and as there is no other ‘place than the East Ghor Canal as a source
of dunkmg water, we would ‘be (,ompe,lled to look for some other site' where the quahty of
water is no worse than that at Deir Alla, Acco:dmg to the data of water quahty prescnted '
by the WAT and analyzed by us, we would choose a pomt around Yabis.
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Flom the experlment'ﬂ d"nta of the samples t‘iken at Add‘lsswyeh and Deir Alla, we
could’ hardly expect a substantlal re,dut,tion in" the total ”IHM formation, and we would -
presume that wate1 taken ﬁom anywhele along the C'mal would be only shghtly better than
the. water from Den Alla Howevel even about thc Canal watcl the quality of it down from
.Yabls would seem to variate consldolably and purlﬁt,atlon of 1t would secm to be ditfu,ult'
hkcw;se ) - ST . :

Accmdmgly, we suggest that mvestlgatlons about the wate1 quahty be made at severd}
pomts along the Canal ‘and sampie taken from the Yabls area be t,hecked to determme whether
-~ itids. adBQU'ltB for rehable water punficatlon towald reducing THM fonn'mon poteutldl
But ﬁnal decision should be made oniy after all is clarified. In this connection it is advised
that an attainable economlcﬂ effcct be studled for wh]ch we present below our estimation

of all costs mvolved '
C{a) . Four mtake pumps
' Ty_pe - Vertical, 28 3. m3 fmin, 30 m head, 220 kW
" Costs: . Four Pumps’ (60 m_ﬂhon each) ¥240 million -

: Flectric Equipments o 100 million )
_— Pump Station - - S Co 60 nulhon
o Cablmg from Source, 30 km . 140 mﬂhon'

TOTAL ' _ ¥S40 mllhon '

'(b) Pipmg (D}stance from Yabls to Deir Alla as 30 km) :
= When a cast 1ron plpe line of 1,200 mm in dlameter is laid down by excavation”
w1thout tlmbermg, 1nchlswe of matendls and work

¥139 mllhon per km X 30 km = ¥4, 170 mﬂhon
L When a Hume pipe (Remiorced Concrete Pipe) line of 1, 200 mm in diameter is'.lai-cl
down:
¥ 89_ million pef km'x 30 km = ¥2,670 million
{c) Total Cost | :
L Cast Iron Plpmg _
- ¥540 million + 4, 170 m

| 4,710 million (¥4,800 million)
:‘ — Hume Plpmg _
¥540 m11110n +2,670m

il

3,210 million (¥3,300 miltion)
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.' 4 6 Compauseu of Cosls

Our cost estlmates are already summarlzed for compmson in Table 4«1 It should be
noted that the gwen cost estrmates regardrng actW‘lted carbon can’ vary extensrvely by the -
) dose of powdered actlvated carbon or by’ the llfe of granuiar actrvated carbon It 1s seen thfrt
f'thosc wh:ch requlre more “initial cost are the ‘cases of blendmg w1th avarlable purrfred water
and of separate colIection and those whrch reqmre more operatmg cost dre the methods
=_'of usmg powdered actrvated carbon (PAC) and of usmg granular actweted carbon (GAC)
*Supposmg that a dose of PAC m exeess of 20 mg/ﬁ be made annually, the GAC treatment
method wou]d become cheaper in 2 to 3 years even though the hfe cycle of 1t ‘18 30 days '
.So we suggest that a study about 1n1t1atmg ‘the GAC method be statted only after such;
'essentlals afeé checked thoroughly about the PAC method as how long a perrod each year alrd"
. how much PAC would have to bé used o : ”

At is known from the present series of s1mulat10n tests that the 10w pH coagulatlon method _
s most effectwe When a view is glven to the test data about the alkalrmty of the Canal water
whrch s’ more or. less constant throughout the Canal the dosmg of sulfunc ‘101d is necessary, :
‘even though water is taken from upstream o - _

Although 1ntermed1ate chlonnatlon is- omrtted f‘rom the Table for the ]‘6‘1801’1 that it
'_1nvolves no a]teratlon m the ex1stmg equlpment 1t can be nutrated at anytlmc and m any
way.: EERE ' : C :
: Obvrously all the cost estrmates gwen are based on the Japanese market price. So, we
recommend that - you make estimates accordmg to Jordan mar]\et condrtlons while makmg '
a revrew over the gwen effects before you ‘make ﬁnal decrsron '
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5. THM Test Me'thod

As lo thu mmsmemont 01 THM in thc t’tp watct aud in the 1HM f01mat10n potentlai
the followmgs should be noted for %lectmb a tost method '
~The, THM fonmtlou vclouty m the 1cact10n of chlormc dnd pleuusor is nmmally slow.
In some cases it t’:kes more than two weeks unfil. 1eact10n lS completcd chn when raw watert
is pmuesscd the THM formation mte n the tap water v"trles by water tunperature pH or
the -time lapse from chlorme ‘dosing. The reiatlon bbtween the THM formation 1‘1te dnd
‘the pII or-the residual chlorme 15 ‘such as mentloned already ' T .
' The watm tcmpemtulc has a iargc cffect on the TH‘V[ to;matlon mte as 111 the casc of
the pH and its relation with the 5 mg/Q hunuc 101(! solutlon 1s Vel‘lflCd through test as gwcn
in qutlon 5-1 and’ Flg 5-1. : ‘

CHc13 20 T o
CHC13 : (‘hloroform form1t10n rate (ug/Q) at reactmn tcmperature

CIICI3 20 Chloroform formatlon ate. (,ug/ ) at 20 C. reaction temperaﬁuc
: __T . Tcmpelatuxe ( C) '

[CHCl3.7/CHCl5.0]- ()

01 L ‘||a|n_‘:' ] | TR
5 .10 20 40 60

Téemperature {bC) _
(Condition: Chloriné dose 10 mg/f, humic éc_id 5 rﬁg,_v'!l, reaction time 1 day .and pH 7.0}

Fig. 5-1  Relation between Chloroform Forinatioh Rate and Reaction Temperattire
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‘ The t'i[) water and the test s*rmple of THM formation potentml subjected to. measurement
are normally ifi the mrddle of reaction. Accordingly, included in the s'uuple water are (H THM
which Thave: been formed: already (2)-THM mtennedrate wluch is going to change to THM by
_ hydrolysrs consequent to "affixation -of.chlorine to precursor and (3) residual chlorine and
precursor’ wineh has not: 1eacted yet. Astegards the test sample involved, that w]uch is subjeeted .
to’ measurement is only the THM- which has formed already: Therefore, it would: be rmpossrble
ta measure a coneet amount of THM unless preventron of THM mtennedlate from hydrolyzing
and of reaction’ between chlorme and prescursor’ should” be “effectively made, o‘cherw13<:=
variation in the analysis would become extenswe The above is the réason that differs much
. from - the. measurement of such low borlmg point orgamc ehlonne compounds as ‘trichloro-
: ethyleene and tetraehlmoethylene : Do G

For preventmg THM intermediate’ from lrydlolyzmg and the rectron between resrdual_-
ehlorme and ‘precursor in the analysis process, ‘the Japanese ‘official trihalomethane. 'malytwal .
method provrdes a measunng method for the formed ‘THM only after stich pre-treatinents-as -
(1) add sodium sulfate or sodium tlnosulfate in stmclnometnc excess of the quantity . which-
reacts to resrdual ehlonne Hor stoppmg thie reaction of ‘the precursor to’ the résidual chlorine
and (2) Add phosphorre acid or su]furrc acid fo adjust the pH to. approxrmately 2 and’ then
make a necessary treatment ..... 0 }'urther when it takes a long time from sample collectron to
:THM measurement it is necessary to remove chlorine 1mmed1ately after sample -is collécted -
to adjust the pH of the sample to 2, and 1t is desrred to transport and store it after the sample

© ig'cooled to below 5°C

Next we describe eharactenstrcs 1ncludmg some d1sadv1ntaves of 'the followmg ‘analysis
: methods (1) The ] apanese head space analysrs method- (2)J apanese solvent extraction method _
(3) US purge trap method and (4) 1 ordan head space method i '

| 5-1 Head Space Method (Japan)

1) Samplmg .

(H Date of samplmg _ : : .

_ Samples shall be collected in the same day, as a rule in the systern of the same water
' punﬁcatron plant provrdmg that when collecting in the same day rs very drffleult samples
may be collected in days as close as possrble in'the same system

2} Samplmg method : :

l ‘Samplesshall. be collected from a tap (the water supply site for drrnkmg water by a bu]k

“- water supply body) e . - co :

2 For collectmg water samples ‘the tap is opened for a whlle to. flow the stagnant water
out and after the- water temperature becomes constant a sample is. eolleeted : :

3 Add ‘an: adequate amount of sodium th1osulfate sofution (0.5 w/v %) in a glass bottle
~which . has . been well rinsed. by deromzed water to remove remaining chlorine. Put a
sample mto the bottle quietly so.as not to bubble and add phosphorlc acid (1 +10)
or sulfuric aeld (1 + S) “with a rate of approxunately a drop pet 10 le to adjust pH at
about 2. Then the bottle is filled with water and sealed with a stopper
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(3) "[mnspmtfltlon of sample L
1 Cool the sample with ice, transport and test it qmckly SR ‘
2 When there.is a risk of. contamination of the sample duting’ trmaportat:on, tr‘mspmt
control water contalmngn—tnlmlomethane by the same method added. to. the sample
to confirm the presencé or absence of contamination. When entrusting-the test of the .
S"lmp'le'td‘the:ou'tside facility, this shall be particillarly noted.

2) Analync'\l Method of Tota} Tr Ihalometh'me

(D Redgents"‘l
1 Deionized water ; ST .
For obtaining distilled: water, put 2 llters of ion- exchanged water mto a separatmg tunnel
and add 100 m& of ‘n-hexane for a 1es1dual pesticides analysis gmde after shaking, remove
the n-liexane layer.. Put the aqucous:layer into an Erlenmyer’s ﬂask and after bollmg to
remove. n-hexane, put into a dlstlllmg flask and distil. twwe The dlstliled wat_m is boiled for
20 minutes and cooled before usmg each time, ‘ s
The ‘deionized water is preserved ina place free from contammation w1th tnhalomethane
2 Methanol for residual pesticides analysis gmdc - : .
The methanol shall ot have the peak near an expected retammg tlme of ‘tnluﬂometllanm
in gasehromatography
3 Sodium tluosulfate solution (O 5 w/v %)
Dissolve 0. 5 grams of sodium thiosulfate in delomzed water to make up to i00 mQ
4 Phosphoric acid (1 +10) ' g
Mix 10'm¥ of phosphoric acid with 100 m% of deionized water
5 Tuhalomethane standard stock solution " : :
Solve 0.200 grams of chloroform, 0.100 grams of bromodiehloromethane 0 400 grams
of dlbromoehloromethane and 2.000 grams of bromoform in methanoi and mix and make up
to 100 mf - 1
L One - mllhhter of the SO]UthI] contams 2mg of chloroform I mg of bromodichloro-
metbane 4 mg of d1bromochloromethane and 20 mg of bromoform. a R
. The solutlon shall be preserved in a cold plaee
6 Trlhalomethane standard solution : :
Dxlute the trihalomethane standard stock solutlon with the methanol’ stepwise’ to 5 to
200 fold. L
One ‘milliliter of the solutlon contams 001 ~ 04 mg of ch!oroform, 0 005 - 0 2 mg
of bromodlchloromethane 0.0_2 0.8 mg of dibromochloromethane, -and 0.1 — 4 mg of -
‘bromoform., .
The solution shail be prepdred before each use.

Nate *1) The! reagents used in the test are of the special grade of JIS (Japan Indusirial Standard) unless
' otherwise specified,

97—



(2) Devices and apparatuses
1 Vial:. : :
A 10 — 200 mRvial for injeétion*?, as roughly shown in the figre:
. /:Alumilrium cap

~ Rubber stopper- @

Teflon sheet

|, Vial

2 Rubbcr stopper f01 vial:
A rubber stopper which can be tightly attached to the v1al as roughly shown in the figure.
3 Teﬂon sheet oo
A teflon’ sheet of 0.05 mm thrck whrch is Earge enough to separdte the sample water
from the stoppel when msertmg 1t between the rubber stopper and the vial.
4 Aiummmm cap:
© Aluminium - cap -wlich can fasten the vial and the rubber stopper tor vial, as roughly'
shown in the flgure
5. Aluminium’ cap ciamp :
Aluminium cap clamp’ for clamping the aluminium cap to the vial to fix it.
6 Thermostat water bath: . '
A therinostat which ean keep the temperature at 20 & O 2°C.
7 :Mrerosynnge (for fluid):
A mlcrosynnge whrch can draw in1 to 10 uQ
8 Mrcrosyrmge (for gas)
A mrcrosyrmge which is air gas tight and can draw in 50 — 1000 ne.
9 Gaschromatograph: :
A gaschromatograph which is, as a rule shown below.
a) Column -
CA glass -tube of 3 mm inner drameter and 3 meter length, the temperature of whrch
" is 60 — 100°C. | :
by Column packmg
' 'A substance prepared by coatmg Lhromosolb W (partmle size, 177 — 250 nm) which
is rinsed by acid and treated with silane or a carrier wluch has prope1 ties the same as
or higher than fhose of Chromosolb by 10— 20 % w1th Silicon DC-200, Silicon
DC-550 or a ﬂuld which has a separatmg capacity the same. as or higher than that

of Srl_lcon DC-200 or DC-550.

Note *2) In a series of an analytical system, vials of a given size shall be used.
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¢) Detector:

A detector ot an electron capture type, the temperature of which'is 200 - 2‘50 C.
d)  Sample inlet: :

A samplc inlet kept at ?00 - 250°C,
e) Carrier gas:

Nitrogen or helium of 99.999 v/v % or more with a flow rate of 60 — 80 m&/m.

(3) Testing operation

1 Pretreatment

' Take test water in a vial to obtain the quantlty of a test sample/wal volume =0.70 —
0.85%3, and put the rubber stopper for the v1al while inserting teflon sheet 1mmed;ately,
put aluminium cap on the stopper and fix the rubber stoppel to the vial by the aluminium cap
clamp. Inject the methanol by the mmrosy:mgc for fluid w1th a rate of 1 ,uQ of the meth'mol
per 100 mR of the test sample water. After v1gorously shaking the vial, put thc vial up side
down and leave in a thermostat at 20 + 0.2°C for 1 hour: the obtained solution is used as
a test sample. '

2 AnalySIS

‘Take a ower amount of the test sample in a gas phase obtamed in the above process

the 1} by a ml(,rosyrmge for gas thtough the rubber stopper for the vial, nnmedlately introduce
into a gfls(,lnomatograph to record the gaschromatogr'lm Measure the height of the peak
which - is Correspondmg to the rétention time of trihdlomethane obtain the coiitents of
chlmofmm bromodlchloromethane dibrémochloromethane and’ bromofmm in “the test
solunon from the calibration curve prepared by (4), and calculate each concentratlon in the
test water

. ~Suin up these uoncentratlons to obtam the total trihalomethane in the test water.

(4) Preparation of t,ahbtatlon curve _

Take purified water as descnbed 1) in (3), and f1x w1th the 'ﬂummlum cap clamp, 1lleCt.
the trihalomethane standard so]utmn which is p;eparcd stepwise, through the rubber Stopper
for the vial with a rafe of 1 uQ per 10.mR of punfted water by a microsyringe for ﬂu1d Then,
treat as described in 1) and 2}in (3) to cbtain the 1elat10n between the contents of chioroform
bromodlchloxomethane d1b1omochlommethme and bromoform and the hexghts of thelr peaks.

3 Characteristics of Head Spa(’:e Méﬂiod (J'apaﬂ)"

(1} No reaction occurs of precursor to residual chlorine

(2) No hydrolysis occurs of THM mtermedlate : :

(3} As the partition’ cocthmcnt to gas phase and llqmd phase - would changc when the fon
strength in the sample is large; it would be necessary to adjust the ion stxength of the
standard solution to match the ion ‘strength of the sample. This could be attained by
adding sodium chloride at a rate of 10 % to each of the standard soltition and the sample,
whereby the 5ensmv1ty of the method would be double. Howcvcr there should be
no :,ffect of ion strength. on an sample whlch haq an electric conductmty at less than
500 .uS/cm

Note *3) 'In a series of an anatytical system, a given rate shall be used.
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(4)

The detection limit of. chlolofmm b1omodlchloromcthane or dibromochloromethane is
higher .than' 0,5 pg/® while that of bromoform is at 2 ug/Q or less, Thelefore bromoform

- is not suitable for samplc of low concentration,

(5)

6y

(7
(8)
)

5.2

1)

2
()

Fasy to opcratc with no solvent needed in the analysis.

Caution must be.taken agamst contamination from ambient air in whuc thc analysis is '
taking place however. :

Less contammatlon of electron (,apture detector,

‘No spcmal equipment is neceéssary.

Continuous measurement by gas chrofiatograph is possible.

Solvent Extraction Meihod (j apan)

‘Sampling

The same as tn 3&1—1.

AnalYticai Method of Trihalomethane

Prmctple .
Tlns method extracts a low bmlmg pomt organic halogen compound by n-hexane (or

n—pentane) from the sample water and measures the extractlon by means of gas chromatograph
and flnally obtain a concentratton of the low boiling point org'mic halogeu compound.

(2)
1),

Reagent
Punfled Water

' Take two 11tcrs of distilled watcr or ion exchanged water into a separatmg funne] and, .

E atter addmg 100 ‘m% of n—hexane of residual pesticide’ testmg grade, shake it v1gorously

2)

Then, transfer the aqueous layer of it into an Ellenmyer s flask -and boil it to remove
the n-hexane from it lhereafter transfer it into a dlstﬂhng flask and distill it twice.

‘This punﬁcd water should be boiled for ten ‘minutes and cooled down before being put

to use. Also, tlus should be stored where there is no danger of contamination by the low

. boﬂmg pomt orgamc halogen compound

n—hexanc B ‘
Condeme 100 m% of n-hexane to approxnmately ] —5mR. Take 5 4% out of it and put

it into a gas- chromatoglaph with no peak gencratmg in the ne1ghborhood of the expt,cted

3)

4

5y
6

retennon tlme of the object substance n—pentane may be u%ed asa qubstltute

Methyl Alcohol '

Condense 100 mSZ of methyf dlCOllOl to approxmlateiy 1-5 mQ Take 5 ,u!Z out of 1t'
and put it into a gas chromatograph with no peak generatmg in the ne1ghbor]1ood of
the expecicd refention time of the. object substance.

Sodiurn Sulfate Solutlon (0.5 wiv.%):

Dissolve 0.5 g of sodium sulfate in purified water to obtain s 100 mQ soclution. This
solution should be adjustcd everytime it is put to use..

Ptlosphorlc Acid LI+10)

Sulfuric' Acid (1'+5)
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7. Standard Solution of Low Bon]mg Pomt O;gamc 1Ialogcn Compound

Put 90 mk of n- hcx‘me into a measuring flask of 100 m& capacity. To this, add 1 OOOg
of chloroform, 0.250g of bromodichloromethane, 04g of dibromochloromethane,

?k, of bromotform, 1.5g of t11chlo:octhylcm 04g of tetnbhlmoethyienu 04g of
1, 1, I-trichloroethane, 0.8 g of carbon tetrachioride and 0.25g of chloropicrin. After
(hseolutjon -of theqe substances, -further add n-hexane to make the total volune 100 m2.

1 ' m@ of this solution ‘contains 10 mg of chloroform, 2.5 mi of bromodichloromethane,

4 mg of dibromochloromethane, 20 mg of bromoform, 15 mg ‘of trichloroethylene, '
4 mg of 'tetlachloroethy'lcne 4 mgof 1,1, Hrichloroethane' 0.8 mg of carbon tetrachloride
and 2.5'mg of chloxoplcnn The mixing ratio of these substances is set for the purpose
that all the substances should rise to peak heights at nedrly the same level in the gas
chromatograph in case 'DC-550 is used for filling the column. Therefore, when a different
filler is used, this ratio should bc dcijusted ‘lpploprntely

{3) lmplements and B qmpments
1) Measuring cylmder with a stopper of 50 mQ capacity
2) Microsyringe of 1 — 10 p? liquid capacity
3} Gas chromatograph:
a) - with sample inlet temperature set to 150 — 250°C. .
b) with a glass columin of 3 mm inside diameter and 3'm long with its temperature set
to 60 — 100° C. ‘
c) with column (Note I} of silane treated chromosorb W (gram size: 177 to 250 um)
after acid rinse or a carrier having an cqua] 01 better function which is masked by
20 % silicon DC-550 or 20% silicon DC-200 or by a liquid phase having an equal ‘
.. or better sepalatmg capacity. '
d) * witha detu,tor of electron capture type w1th a temperatme set to 150 — 250 C
é) 'w1th carrier £as ‘as mtrooen gas of a punty higher than 99.999 v/v% with its flow
' rate 1eguiatcd to 40 — 80 m¥ per minute. _ g
Note 1. When the gas chlomatogr'lphlc dnalysm is madc using only one kind of Column'
it is dltflcult to thoroughly separdte every standard substance. For tlns reason,
“more than two kinds of columns with different separating properties should'_
_be used in . columns By this way, gas chromatograms are recorded and
_-quantltdtlve 'malysu». is made by usmg non-overlap peaks. IT anyonc of the
column mentloned ‘above is found not satisfactory with respect to its separatmg
capacity, any of - such ones could be used instead as: 20% silicon SF-96,
3 % silicon SE-52, 10 % FFAP, 20% TCP, 20% PEG20M, and 20% DC- 550
- 20%SF96 (2 +8).

“@ Test Procedure
1) Pretreatment: .
- Take 40 m¥ of test water into a measmmg cylmder and add 10°'m¢@ of n-hexane and tightly
plug: it. Then, vigorously shake it for 10 to 20 seconds and place it still. The n-hexane
layer is the test liquid.
2) Analysis: o
After the above pretreatment, take a dose. from the ‘test llquld by microsyringe and
immediately inject it into the gas chromatograph ’lhcn take a record of the gas
 chromatogram. About the peak not overlapping any other compound, obtain a peak
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height or a pe’nk arca equivalent to the retention time oflow boiling point.organic halogen
compound.

Note: in case n- pentane is used instead of n—heane the microsyringe should be cooled
by ice in advance.

3) Preparation of Calibration Curve:

Take a dose from the standard solution of low boiling pomt organic halogen eompound
which has been prepared step by ‘step, and by the same procedure as in 2} above, obtain
the relation’ of the quantity of ‘each component (ng) of the low boiling point organic
‘halogen compound with its peak height or peak area.

4) Calculation of Concentration:

3)

(1)
(2)
3)
(@)
(5)
(6)

o
(8)

(9)

From the peak height or the peak area obtained in (2) above, obtain a qmntlty {a ng)
of each component of the low - boiling point organic halogen compound in reference
to_the 'calibration curve in (3). Then, calculate the quantity within 1 liter samnle by
the following equation:

a Test Liquid Volume (m@)
Dose (a0 * Test Water Volume (@) 0
Test hquzd volume Extracted solvent volume
Note 1. - According to the standard for reagents it is spemtled to use the stdnd'ud re’tgent
for tnhalomethane analy51s use, the reagent for low boiling pomt o;gamc '
halogen compound analysis use or any other Wthh is equal to or better thdn
any of the standard reagents

_Note 2. ‘The limit of detection on the low bmhng pomt orgamc halogen compound

in respect of this analy51s method vanes by factors such as the type of gas
_chromatograph. used and the. measumng condition. However, it is desmable'
‘that the limit of detectlon ‘be set to a level of 0.001 mg/!& and the detector_
~ be well taken care of through mamtenance and controi

Characteristics of Solvent Extractlon Method

No interaction oecurs between preeursor and resulual chiorine.
No hydrolys1s occurs of “THM intermediate. _

The ion strength of sample has no effect upon anatyms of THM
Easy to operate but a solvent of high purtty is needed, however

‘No speeial equ1pment is needed.

Contamination of the electron oapture detect01 1s larger in t]ns method than in the head

space method. :

Continuous measurement is possﬂ;le by gas ehromatoglaph

Although the detcetion limit of chloroform is mfenol than those dtb:omochloromethdne
or bromoform. : :

As n-hexane used as extraction solvent may be obstructed by a negatwe pcak of
the solvent immediately before chloroform reaches its peak. For this reason caretul

selection should be made of an adequate column. n-pentane may be used instead,

but the negatwe peak which it will generate will never obstruct the measurement of

chloroform. But, as.the: boiling point of ‘n-pentane is as low as 36°C., it would be

madequate for use in an enclosed working environment.
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5-3 Pun"gc Teap Method (U.S.AL)

1y Int:oductlon of nge ’Imp Method
HALOGENATED Ml*THANI*S AND FFHANFS BY PURC-F AND I‘RAI”=

'Oagcmohali(les particularly the trihalomethancs, have’ been reported in nearly every
chiorinated water supply tested in the Umted States.! Common org'moh'lhde solvents,
traceable fo industrial effluents, have been detected: in many raw source watcrs and in the
corresponding finished drinking waters,’ but they are most often the result of chlorination.
Toxicological studics suggest that oh!orofo;m (CHCl,4 ) and other 01ganohahdes have had
detrimental effects on human health. Their presence in water supplies should be monitored
closely so that measures may. be taken: to minimize or eliminate them whenever concentrat:ons

approach levels of concern.

(1) General Dlscussmn :

a. Principle: This method is apphcabh, to' the ‘determination of the followmg
‘organohalides conhmed in water: all chlmometlnnes chloroethanes, and chlorocthylenes
bromomethane, - dibromomcthane, bromochloromethane, bromodlchloromethane ohloro-
dibromomethane, bromoform,  and 1, 2- dlbromoethane Other organohahdes that boil at
less than 150° C and that are less than 2 % soluble in water ar¢ determined also. However
the analyst must demonstrate the usefulness of the method by collectmg accurdcy and precision
data using dosed and actual samples. :

- An inert gas is bubbled  through the sample ‘to transfer the volatile’ consntuents from
_'the aqueous phase into the purge gas. The organics contalned in the ‘purge gas are then
~ trapped in a short column (trap) contammg a suitable Sorbeut (Flgure 53: 1) After PUIging is

completc the compounds are desorbed thermally from the trap and backﬂusilcd (Flgure 53:2)
into a. temperature- programmed gas chromatographic column for separatlon and analysis
(Figure 53: :3).  Detection is by use of a halogen-specific detector, and for this analys1s either
a mlcrocoulometnc or an olectrolyhc conduct1v1ty deioctor operated in ‘the specific halogen
mode is acccptable : . S

: b. Interferenccs Impurltles contained in the purge gas and orgamc compounds outgassmg
irom the system ahead of the trap usually account :for most contdmmdtion probiems.
" Such’ compounds will be concentrated in the trap and ultlmateiy analyzed w1th the sample
componcnts The analysis of blank sqmples (orgamc—free water) is a- convement means of
" monitoring for this problem. Whenever -potential interferences are noted in blank samples
change the purge gas source and replace the mo]ecu]ar sieve gas filter (see § (2) h). 0utgassmg
from the system generally cures itseif w1th time. Do not subtract blank values

* Approved by Standard Methods Committee, 1985,
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} Gas
T S Hot
Trapped ] : Trap
Trap Mixed - - ]
. - 1 Volatiles Inert Gas + Volatiles
R . ) .
. . @ e Mixe_zd
s . Volatiles
Gas + Volatiles _
Sample
r Inert Gas

Figure 53:1. Removal of volatiles
from the sample

_ : ... Figure 53:2. Tr_anSfer of'trapped volatiies
: to chromatographic colunin

c¢. Detection limits: The detection limits
are determined by the halogen-spemflc gas
chromatographic détector selected *for the
analysis, the degree of halogen substifution,
and the :specific halogen spécies'(‘:ontai_ned in
o - o .the compound. Most of the above organo-
Figure 53:3. Separation of the volatiles  halides ‘can be analyzed over ‘a concentration
range of approximately 0.5 to 1500 ug/Q

(2) ApparatusT L ‘ .
Wash sample bottles and seals in detergent solut:on rinse" wnth dIStllled water let air- dry,

‘then heat to 105 C for 1 h. Once bottles and seals are cool, seal bottles using same septa
intended for sample Use more vigorous heat treatment of glasswarc (such as heating to400°C
in'a muffle furnace) when high-boiling organic materials present contamination problems
a. “Sample botties and seals 40-mQ screw-cap vials} sealed with TF E§ -faced compxessxbld
 silicone rubber septa.ll _
b. Ml_crosy_rmges, 10-, 25-, 100-u8.
Syringe needle, 20-cm. x 20 gauge.
Syringe; 5-m@ valved gastight with 5-cm needle.
Syringe, 5-mf hypodermic with lucrlok tip.
“Syringe valve, two-way with luer ends.
Volumetric flasks, 10-, 100-m&.

o~ o Ao

1 Gas chromatograpluc methods are extremely sensnwe to differences in matenals used: Mentlon of specific
*.products by “Standard Methods” does not preclude the use of other existing or as-yet- undeveloped products

that give demonstrably cquivalent results.
-3 Pierce No. 13075 or equivalent. Crimp-top serum vials also are acceptable

& Teflon or eguivalent.
|| Pierce No. 12722 or equivalent.
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l Purge-gas scrubber filter contfunmg about 225 g granular molecula} siove.#

_ . Purge and trap eqmpmu]t The purge and trap eqmpment conSLSts of three scpamte
palts the purging device, trap, and dosorber.

A successfully use(l2 purgmg dewcc is shown in Figure $3:4. The gla‘;s fnt mst’llled at
base of sample chamber allows finely divided gas bubbles to pass tlnough sample while it is
retained above the frit. Gas volumes above the sample are kept to a minimum to eliminate -
clmcl-volume effects, yet allow sufficient space for most foams to . disperse. Inlet and exit _'
porls are constructed of heavy- wallud 6.4-mm - 0D glass tubing so that leak-free removable
connections can be made using “fmgex t1ght” compression fittings containing. TFES$ . ferrules.
The lcmovable 1oam “trap controls excessive fodming. Any. similar device with a conﬁguntwn
such that a purge ga‘; flow of 20 m®/min quantitatively (> 90 %) wﬂl strip CHC]3 from solution
in approximately 10 min should be acceptable. : :

~ Examples of traps and desorbers are shown in Figures 53:5 to 10 A trap is a short pas
chromatoglaphic column that at 22°C retards flow of Lompounds of 1nterest while venting
puige gas and, dependmg on sorbent used, much of the water vapor. Use a trap w1th a low-
thermal mass so.that it can be heated rapidiy for efficient desmphon thcn cooled rap;dly fo -
rcom temperature for reuse. The Tenax m’“*—sﬂlca gel trap utilizes the sorptlve properties
of two sorbents, pr0vul1ng a trap that effectlvely sorbs and deso;bs a w1du varlety of organic
Lompounds . . _ Lo .

A desorber is essultlally a heated tube ‘into which the trdp is . placed and mamtamed
_at the desorb temperature (Flgures 53:6 and 7) or is heated rapidly in the desorb mode
(Figure 53: 9), dependmg on .the type of purge—tmp -desorb apparatus Usmg this device,
the trap is heated rapidly ‘to the desorb temperaturc (180° C <0.75 mm) and maintained
at that tenunrature ‘with ‘minimal temperature overshoot. Trapped compounds are released
”; as a plug to the gas chromatograph by this heat and backflush step. '

TRAP VENT :

B CeR P TY

. CONNECTING NUTS ™

OPNGH AL . ) .
10am m@—g;‘*“- : : BODY Assmau»ﬂg

AT Gamm
a0

‘/ SiaRE Uk ) STEM ASSEMBLY-
F] e zowaT TNGE vk
\f"— Em' 30 GAUGE STUINTY HILOLD
EAMOD AUNIER HPTUM

GLASS WoOL PLUG

& Aum OD RN e

T\ e e
L 1] o / Saraiss JHE
s.ou oo 3l : .
1 ) * SiLjcA GEL -

1 L . . N
EME MORECULAT - . : . : : N C )
SIEVE FITGE .

] Gas FLL . . . . - : | .
i —

- .

JURGE Ga3 - . ’ .

é oW {ORIKCL . . s e

: . o Gy SROREW
: : s

Vo
—TRAP INLET

10MHA GLASE FUF
MEDIUM AQIORTT

Figure‘53:4. Purging device ; | ' Figure 53 :5. Trap

# Molecular Sieve 5-A, Apphed Science Laboratories, P.0O. Box 440, State Collége Pa., or equivalent.
%% A source of this materiat is Applied Science Laboratories, P. O. Box 440, State College, Pa 16801.
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The tlap ithustrated in }‘1gmc 53:5 and two associated alternative desorbers in I‘lgmes
-53:6 and 7 are easy to assemble and are 1elatwely uwxpenswe but they IB(]U!]G considerable
anlpuhtjon during analysis,-

A more complex- dnd expenswe -to- bulld purge- tmp desmb system is shown in the purge-
sorb- mode in Figure 53 8 and the desorb mode in I*;gure 53:9. This systcm is easier to
operate 1epr0du01b]y E)ecause all mampulatlons rcqulrmg manuat transfers of trap to- purgc
device, trap to desorbm cte., in the first systun (Figures 53:5 to 7) arc accomplished by.
switching a single mx«port valve (F1gurcs 53:8 and N.

_ “The - purge-trap-desorb  apparatus used need not conform necessarlly to the exact
configurations shown S0 long as it functions to purge and trap the compounds of interest
quantitatively’ or in a way hnearly related to concentration. The apparatus must quantitatively
desorb: sorbed organics to the chromatoglaphw column sufficiently qulckly ‘that they are

deposned as ‘a narrow band. Rapid desorptlon is necessary to produce good chro:mtogmphlc'
'resolutlon :

BOODY ASSEMBLY

et Gas Suopiy : 1.2 e OO
LEALY T N N _TFE Tiding

/e

REMOVABLE G NEEDLE
M:—_.ﬁm_é

[

== -"{DRII.L 3.3IMM HOLE IN

Fhom Contraier _,,-;E.‘:'i":':'" . NE ' " HEX AREA OF HITTING
THERMOCOUBLELT SILVER SOLOER REDUCER
WIRE et IR IN PLACE
: : : G NS
. g ru'lll-d Sotr HEATER WIRE ; | :“\\\t ASBESTOS INSULATION
ety . : 1.2MM OD
gzj]’ir . ; ¥ L INeRI GAS TR
FE G i3] —supeiy TUBING
: ' =3 @ AL KPA | pr
- Cacirer G AL A “_{;_;‘ F
oo ROV, . i‘\f‘é ' ULu‘\JL"riLTP \
1 : . I sncxnusu\m
1= st vod % FLOW FITTINGY?
A Gy Chv v toqed, " =3
s oeson ~ES} FLOW CONTROLLER :
\Uno--mtwm\ .
- 1
Figure 53:6. -Optional desorber No. 1 “  Figure 53:7. Optional desorber No, 2

Carrier Gas Flow Control .
' . _LiQuid Injaction Poris
Pressure : -

- Column Oven
.Regulalor -

Anaiyﬁcal Column .
Opuonal 4-Pont Column

Selection Valve
) Trap

Purge Gas
Flow Conirol

Resistance Wire
- Heater Corilrol

3%

. Note: Al lines between
Molecular I trap and GC
Sieve Filter - Purging Device . pouid be heated
.10 80°C

Figure 53:8." A complete purge-trap system (purge-sorb mode})
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. . % F ‘C N ! :
Camer Q_aq. IOW. ontrol Liquid Injection P(J_ﬂs

Pressuce . L . __ Column Oven
Regulator i = l/ ) _
_ T & : -~ Canlirmatory Cotumn
’ ’ ﬂ l Td Detector
. L M ﬂ::::j Analytical Column
- Purge Gas E . Ophonal 4-Port Column :
Flow Control _ Se!echcm Valve
Trap: Remslance Wire
Flow = = )
| o T1ap (g Hea:le'r Gontrol
180°C .
49X :
Molecular < = Nole:AltIIines E_ée(l;wéaen _
Sieve Filter s . rap an o .
o P“’Sf“g_[’e"'“—' should be heated

o 80°C

Figure 53 ‘9. A complete purge-trap system (desorb mode) -

PACKING PROCEDURE - CONSTRUCTION
HAULTIPURPOSE TRAP T COMPRESSION FIFTING NUT
- C;: - f """ AND FERRULES
© GLASS WOOL sSMm’' p7o
GRADE IS C 427M 23 ﬂ/M RESISTANCE
HUCA GEL I~ WIRE WRAPPED souo
13
THERMOCQUPLE/CONTROLLER
C SENSOR )
< ELECTROMIC
. HENAX o TEMPERATUSE
< coNtROL
AND.
C PYROMETER
7 TUBING 25CM 1. 7MM 1D
< : 1.2MM OD STAINLESS STEEL
o A
1% ov ICM, C
GLASS WOOL ~ ) —
) MM

TaAP mu!.
Figure 53:10. Trap and desorber for c'dmiplet.e'pufége:—trap system

‘To. prepare trap (Figure 53:10), _pack.a 25-cmi-long, 2.7-mm-1D x 3. i—inm OD stainless
steel tube as follows: Place a 5-mm plug of gIaSS wool in “inlet - end of tlap Add 1 cm of
3% OV-1 on Chromosorb-WIM (60/80 mesh), 15cm of Tenax™ {1 GC (60/80 mesh),
8 cm of Grade 15 sitica gelit (3 5/60 mesh), and a 5-mm plug of glass wool at exit end of trap.
Variations in critical tr’tp parametcrs (ID,. length, sorbant type, amount of sorbent and sorbent

packing order) will affect a(l\_refsely trap/desorb efficiencies. -

1+ * A source of this material is Applied Science Laboratbries,'P.O_..Box 440, State College; Pa. 16801.
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j. Gas chrt)matograph cquipbcd with:

1) Tempemtule~prog1ammable oven, : S .

+2) Injection port ; convérted. into a desorbmg dewcn (F:gme 53: 63) _l‘of usc: with trap
1f an external desorbmg dcv1ce (F igure 53:7, 8, 01 9) - 13 not used. '

3) Flttmgs for 3. 2—mm columns : : :

4) Halogenuspeczflc detector, electxolytic conductmty (hahde mode) or nucrocoulmnetric
titration- (halide mode). ‘The electron . capture detector usually is too sensitive but is acceptable '
if satisfactory results can be demonstrated. '

ki Gas cluomatographlc columns: -

1} Analytical column ~ 8 ft long, 0.l'in. ID- by 0 124 in. OD (or closest avaﬂab]e metllc
equivalents), stamless stéel or equivalent glass packed as'in 9§ (3).a. Use helium as carrier ‘gas
at flow rate of 40 mSE/mm ngram tempelature as follows: With column at room tempclatmc
desorb ‘sample into column for 4.0 mm -tapidly- heat column to 60°C for 3.0 min, then raise
temperatule 8° C/nnn to 160°C Hold: at 160° C until all compounds have been eluted. A sample
chromatogram obtmned w1th this column is shown in Figure 53:11.

Columin: 0.2% Ca'rbowax 1500 on Ca_:boback-c .
Program: 60°C-3 min 8°/min {o 160°C
Detector: Elecirolyirc conduclwny

. in;ect [ .6 12 chhloropropane +
2. Chigromethane: : . 2.3:Dichloropropens
3. Bromomethane : 3 17. trans-1 3- Dichloropropene
4 VinylChloride ., .~ 18. 1,1,2-Trichioroethane
5..Chloroethane : : 19. 1,1, 2-Trichloroéthane -+
6. Methylene Chluride. Chlorodieromomethans
7. 1,1-Dighloroethylene 4 cis-1,3- chhioropropene
8. Bromochtoromelhane 20. 1, 2. le_romoet_hane
8 1,1 chhloroekhane 21. 2-Bromo-1-Chloropropane
10. Irans-1,2-Dichloroethylens 22, Bromoform +
11. Chlgroform . 1,1,1,2:Telrachloroethane
-12. 1,2-Dichlorogthang 23. 1,1,2,2-Tetrachloroethylene
13. 1,1,1-Trichlorosthane 24. 1,1.2,2-Tetrachloroethang
14. Carben Tetrachloride 25. 1,4-Dichlorobutane
15. Bromodichloromethane 26. Chlorobenzene
i &
@
o =
. e | 2.
~ o
o
s "
g .
' g
[ | 1 1 t b B | 1
g6 -8 - 10 12 14 16 18 20 22

. Retention Time, minutes

Figure 53.:1 f. Chromatogram of organohalides — analytical column
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2) Conflrmatory (,olumn - 6ft long, O 1'in. ID by 0. 125 in. OD (or Llosest avallable
metric cqmvalbnts), stamh,ss stecl pﬁckcd as in 9§ (3) b: Use hehum at flow mte of 40 mQ/mm
Program tcmperatute as follows With: column at’ room tmnpcraturc de<;01b Samplc f01 4.0'min,
heat column to 50 C for 3.0 mm then plomam at :6°C/min fo" 170°C Hold at 170°C until .

all compouncls h'Wt, bcui eluted. A sample chromatogram obhmed w1th thls column is shown

“in Tlgme 53 12.-

Columa: i Ociane on Porasn C
Program 50°C-3 min &/min‘ lo 170‘0
Delector Efactronic conduchwly

AL Vingt Chlonde & Chloromethane
" 2. Biomomtharie : : 1,1,2-Tnchioroethane .
REARRE Dtchroroethylene :16('_'2 -Bromo-1-Chloropropane '
-4." Chlotaethan: L © - Chiprobenzene :
5. lrans-1,2- Dichioroelhylene : B P Dtbmmoethane
. 6. Melhylene Chloside T Bremalori ok
7. Carbon Tetrachloride 18..‘Chlorchexene .
8. Chlorotorm + 19, Chlorohexane -
~ ¢is-1,2-Dichloroethane + - 20.:11,2,2- Telrachroroelhane + )
9. 1,1-Dighlorosthans + Ca i Penldchlordethare . - -
Bromochloromigthare - o-Chlgrototuene - -
16. 1,1:1-Trichloroethane + 21. m-Dichiorgbenzens + .
1,1, 2-Trich10roelhylene : Hexachloroelhane o
RN Brdl‘riodlch!oromethane Tlpe chh!orobEnzene ;
12, Dabromomelhane + 22, 1,4-Dichlorobutane”
Telrachloroelhylsne + o-chhlorobenzene
13. 1,2-Dichloroethane - 23. Hexachlorobutadiens
14, leromochloromelhane + 24,

‘frans-1,3-Dichloropropene

o+ 1_2 Dichlorapropane

sk

15,

cié-1 13- Dichloroﬁo'pen'e +

1,2,4- T_nch,lorobenzene

]
C oot

Figu_re 53:12.

0 12

S

16

18

Ratention Time, minutes -
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(3) Reagents[:l ‘ : ' ' :
a..02% (Z‘arblowaxiM 1500 on. Carbopaek'M -C (80/100 mesh) 8§ §
. bon Octane/PorasdTM ~C (100/120 mesh). il .
¢, Three percent OV-1. on. ChrornosolbTM -W (60/80 mesh)
d, "lenaxTM GC (60/80 mésh), ##
Srllca gcl Grade 15 (35/60 mesh)

S Referenee standards Whenever possrble obtarn pre«analyzed reagents w1t11 guaranteed
.purltles lngher than 9‘5 % i

2. Sod1um tluosulfate Na2 82 03 SH O

h Methy] aleehol ' ‘

Purgeable orgamc—free water Borl drstrlled or deromzed water for 15m1n then

‘CD'

. marnt‘un at 90°C whrle bnbblmg eontammant—free inert gas through watel for 1 h. Whrle water

s st1ll hot tlansfer to nar row~rnouth serew—cap bottle wrth TFE seal. Test purgeable orgamc -free

: watel darly by analyzmg accordmg fo thrs metlrod Do not use 1f srgnrfrcant 1nterfer1ng peaks '
are observed : : S . : D 1

Standard stock solutrons of compounds borirng above roorn temperature Place about

9.8 mQ methyl alcohol m a ground glass stoppered 10. 0-m& volumetnc flask. Let ﬂask stand '

B 'unstoppered about lO mm or untd all alcohol wetted surfaces have dried. Wergh to nearest

fO 1 mg Usmg an lOO—yQ syrmge add q drops of reference standard 1o ﬂask and ‘fewcigh.’ Be

. sure that the 4 drops fall dlrectly into the aleohol w1thout contactmg flask neck Dilute to

o volume wrth methyl alcohol re~stopper and mix by mvertrng flask several times. Calculate

Y concentratron in- mrcrograms per m1crolrter ‘from the net gam m werght Store at 4°C Such -
. ‘standards are stable up to 4 weeks. o - ‘e SR g

k. Standard stock solutions of cornpounds boiling below room temperature Place about
9. SmQ methyl alcohol in"a- ground—glass stoppered 10 0-m® volumetric flask. . Let flask stand
unstoppered about 10 min or untilall alcohol wetted surfaces. havc dued Wergh to. nearest
0.1:mg. Frll a valved gastrght syringe wrth reference standard to 5. O-mQ ‘mark. Lower needle_
to 5 nim -above. methyl alcohol meniscus. Slowly inject :gaseous reference standard into flask
: neck (the 2as: wrll dissolve raprdly in methyl alcohol). Ammediately, rewergh to nearest 0.1 mg,
dilute:ito_ volume stopper,” ‘and mix by mvcrtrng flask several times. Store .al’ 0°C. or below..
_Caleulate concentratron qn- mrcrograrns per microliter. fromi net garn in werght Stock standards _
prepared in methyl aIcohol from gaseous reference standards stored wrth ground-glass seals
‘ generally are not: stable for more “than 1:week even when stored at 0°C. Preferably store such
'standards in glass vrals with a TFE-lined screw cap. Filt vials at- Ieast 90 % full. L
' ~ CAUTION: Beeause of toxrcrty of ‘most organohahdes prepare. prrmary drlutrons in
a. hood Preferably use .a NIOSH/MESA -approved- foxic gas resplrator when handlmg hlgh
concentratrons of such matenals ‘- :

3,‘.:]: Gas chromatographle methods are extremely sensrtlve to diff‘erences m materra.ls used Mentron of specrﬁe
products by, “Standard Methods” does not preclude the usc of - other exrstrng or as-yet- undeveloped

B products that give clemonstrably equivatent restlts. ' :

§§ Available from Supelco Request Batch No. R-1579.

Wl Available from Waters Associates.
## ENKA, N.V. Hoiland Available from Applicd Science Laboratones P.0. Box 440 Stale College, Pa.
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1. Calibration standards: From standard stock solutions prepare secondary- dilutions -
in methyl alcohol such that 4 20-uf injection into lOO me organlc—free water will generate
a: calibration standard that procluccs a 1esp0nse close (+ %) to that of the samples {see 1] (7))
Purge and analyze agqueous calibration standards’ in the same mcmner ‘as Samples Aqueous
standards arc not St‘lb]e ‘discard -after 1 h. Inject standard: etock solutions below the water
’illlf’lCC rdedlly near the flask bottom. : :

. Quality check standald 2.0 pg/t: 'From staridard stock sclunons plepare a secondary
dllutlon in methyl alcohol contammg 10 ngful of cach organohallde to be determmed Daily,
inject 20. O ufof tlus mixture into 100.0 mQ org,amchree water aind analyze

(4) Sampling

Collect all samples in duphmtc F:ll bample bottles 50 tlnt no air bubbles pass througll
sample as bottle is fi lled. Carefully seal bottles so that no air bubbles are entrapped \’I’lllltdlﬂ o
hermetic scal on sam ple bottle until analysrs '

if free chlorine is present in sample add an 1norgamc chemlca! dechlormatmg agent such as
NaSO; or Na2 S, 0, to prevent continued formation of trihalomethanes. Add a storclnometrrc
excess of dechlommtmg ‘agent based on flee chlorine rcsulual measurements at tlme of sample
collectron Store samples at 4°C until analysis. Analyze samples as soon as poemblc after

g collection because tittle is known about p0331ble sample matnx effects

" (5) Condrtwnmg Traps . : B ‘

Condition newly packed traps in deborptmn dev1ce overmght at 200°C w1th an mert gas_

flow of at least 20 m%/min. Vent trap efflucnt to ‘the room -do 'not: connect to analy tical
'column Before daily use, condition traps for 30 min while backﬂushmg at 180° C.

(6) Procedure
a. ‘Sample extrdctlon Warm seated sample to room temperature (22°0) m a water b’lﬂ‘l
Adjust purge gas (mtrogen or helium) flow rate of 40 mQ/mm ‘Attach trap inlet to purging
‘device. (On a valved system turn vilve to purge-sorb position.) Remove plungers from two
clean 5-m?® syringes and attach a closed syringe valve.to each syringe: Open sample bottle and
_carelully pour sample into one of the syrmge barrels until it overflows. Replace syrmge plunger
and compress’ sqmple Open syringe valve and vent any residual air while’ adjustmg samp1e=
_volume to 5.0 mQ Close valve Fill aud seal second syringe 'in ‘an identical manner from same:
. sample bottle Reserve second: syringe for a duplicate dnalysrs 1f needed. Attach 20-cm needle
to first syringe. Open syunge valve and inject sample into purge chamber Seal chamber by
© closing valve and purge sample for 11.0 min. ' : '

- b Analysm As sample is being purged, ‘cool cluom’ttograph column oven to room
'tempetaturc by openmg oven door and tuming off oven heater. After purging sample for,
11.0 min, (lLSOlb trapped compounds into gas chromatograph by placmg trap in desorber. and -
attaching trap’ backflush flow fitting, On a valved system, tufn valve to desorb p081t10n'
Desorb for 4.0 min while heating trap to 180°C. '

Empty and clean syringe, syringe valve, needle, and purgmg devrce as Sfunple is bem.t_,
desor bed Rinse: purging device and sample mtroductron syringe twice with organic-free water
between analyscs Wheneve; high concentratrons are cncountered (> 100 1ug/Q) or when
suspended sollds are contained in the bample remove purgmg dcvu:e from mstrument wash
with detergent 50[“'[!011 rinse in distifled water, and dry in an oven at 105°C. '
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After 4,0 min. of desorptlon “disconnect trap backflush flow ftttmg from trap.. On
valved system tum valve back to purge-sorb. position. Immaediately, close oven door of :gas
chronntograph and heat column 6ven to initial operating temperature: 60°C for, .analyticat
column and 50°C f01 confirmatory column. Start collecting retention data’ arid stalt strip-chart
recorder as s6on as column over heater ts-turned on. Program column according to 1] (2) l'above.

c. Caltbratlon Prcpale calibration standards from standald stock sotutions in organic-free
water that are close to. the unknown in composition and concentration. Use calibration
standar_ds_of such.concentr'ttlon that 20 uf or less of the secondary dilution need be added to
100 sz of organic—free water to produce a standard at the same level as the unknown.

() Analytlml Quality Conitrol. -

‘Daily analyze the 2-ug/® quahty check stan(iard befme ‘malygmg any samples. C‘lleulate
instruiment status checks and:lower limit of detection estlmatlons from these data. In addition,
use’ the 2-,ug/!2 quahty check standard to estimate the concentration in samples From this
information determme appropnate standard dilutions to be made. Analyze at least one blank
sample contammg only organic-free water dally to monitor for potential interferences as
~ described in§ (1) b, ' .

Quaht’ttwe Inxsldentlﬁcatlons are potentlal problems 111 gas chromatography Whenever
samples of unknown nature are analyzed, make duphc‘tte analyses using the two recommended
columns and whenever p0331ble use 1mass speetrometuc detection to prowde unequivocal
1dent1f1ca_ttgn.. . '

(8) Calculations’ _
‘Compare sample peak height to standard peak height to calculate concentration:

. s
g = —x C
ug_/ b X

where: _
S = sample peak height,
P = standard peak height, and .
C= concentratlon of ‘;tandard pg/Q

Calculate ‘and report 11m1t of detecnon (LOD) fOI each normally reported sample '
component not detected for each analysis using the foltowing criterion:

oo 2(AX ATT)
LOD (Hg/Q)_ - m
where:
B = 'peak helght (mm for Z-ug/Q quahty check stan(lard), _ .
A = twice the noise level in nnlhmcters at the exact retention time of the compound
. .or the base-liné d1splacement in niillimeters from theoretical zero at the exact
‘retention time, for the compound (Tracing these compounds through treatment
'piocesses is simplificd by expressing concentrations in nanomoles per liter or
0 ‘smaller units. Regulatory reporting is in micrograms per liter.), and
ATT = attenttatio:tfact_or. '
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AR Plccmon and Accuracy ST
SlllglL laboratory. accliracy and pu,msnon d'rta were. obtamed by dosmg 1 Q volumes of .

organic-free water with the o1gdnoha!:des listed in Table 53:1. . The’ dOSBd water was. used tO;.

fill vials that were sealed ‘and stored undm ambient condltnons Dosed samples Were 'maiy7ed

ldn(iOIIﬂy over a period of 2 weeks. 1hc data in Table §3:1 leﬂbct g¢rrors due to the analytlcal

- procedure _a1_1d storagc._ : : : ‘ :

(10) Ré:ferénée@ o ' o e :

1.  SYMONS, IMi., T.A. BELLAR, " J. K. CARSWELL . DeMARCO K.L: KROPP g
G.C. POBECK D.R. SELGFR HON IS SLOCUM B.L. SMITH & A.A.STEVENS. 1975
National ‘organics reconnaissaice survey for hdlogemted organics.. . J; -An_aer. Wate_l Works
‘Ass. 67:634. _ s . _

2. - BELLAR, TA & L LICHTI*NBFRG 1)74 The determmation of volatlle organic
compounds in water at’ the yg/Q level in watel by gas cluomatoglaphy . Amer Watt,r
Works Ass.” 66:739. - : ;

3. DRESSMAN, R.C. & EF. MCFARREN 1977 A sample boﬁtle purgmg method f(n_!
the determmatlon of vinyl chloride in watc: at submlclogrdm per hter levels...J: Chromat

Sci. 15: 69

Table 53:1 Smgle Operatm Precmon and Accuracy fo: Selected Organohahdes

- _ Dose: . Number of . Meéan ' Standard
Compound - ' pg/L ©Samplés “pg/L . ¢ Deviadgn
" ¥inyl chloride 2,0 TS _ 1.90 0.10
I, 1-Dichloroethylens _ 2.0 N 2,03 : 0.13
trans [,2-Dichlocoethyiene 20 4 1.96 ° ' 0.10
1,1,2-Trichlcroethylene - 20 o4 1.82 0,08
,1,2,2-Tetrachlotoethyleae - 2.0 : 14 190 0.10
Methylens chlonde _ .07 - 12 L1l L0323
Chtofoform - . L1g 1z o2t 0.4
Carbon fetrachloride : 128 S VIR Py vodst
Bromodichloromethane 1.60 12 S - T00s
Chloeodibromomethane _ 1.96 12 91 T 0oe
Bromoform : X1 | 12 233 : 916 .
t,2-Dicalocoethace : 1.00 S T 004"
Methylene chloride 107 R S we 089
Chlocoform S 1y R q3 0 0as.
Carbon tetrachioride : 128 . 8 12.3 - 0.51
Bromodichloromethane 160 _ ] 5.4 039
‘Chlotodibromarethane 196 3. 19:4 0.70.
Bromoform bRl 8 - © 225 ' R
1,2-Dichloroethane S0 8. So9sT - 0.4
Methylene chloride : 107 SRR | I Ces3 L 109
Chloroform o ug. - Lo L s 7.9
Carbon tetracilodde : 128 1 S 985 6.3
Bromodichloromethane 1171 S S § Uh CE148 102
_Ch!o:odibromomethanc 196 . n.. T SR 1 X
Bromoform ' 231 S0 723 16,3 -

*1,2-Dichloroethane S 100 L 11 ' 92.5 : 1.9
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3
(1)

Q)

Hydrolys:s of THM mtemlednte “may have effect upon” measured valucs dependm;, on

Characteriqtiés‘ of Puige Trap. Method'

No mterachon oceurs between preeu: sor and It,sldllﬂi chlorme

C.the mode of analyms as 1o preventnon of hydrolysis is consldered

' (3)

@
)

©6)

N

5:4
(D)

(2)

' assembler of the gas chromatograph (S1gma 300) is-set to 60°C., it would be impossible

3
“
L ®)

The ion strength of sample has a little eftect
Since operdtxon is eompheated a spec:al dev:ce is needed.

'Contmuous gas: ehromatographm measurement 1s :mposs;bte only by one purge trap
- 'eqmpment :
_No soivent is needed

A vanety of low boiling pomt orgdmc chlonc compounds can be measured sunultamously

Cll'aracteristics of Head Space Method (J ordan)

Intelactlon occurs between residual chlorine and prceursor Tlns mhlbltlon is able to
'elnnm‘lte by addmg a tlnoeulfate and other reductant to remove ‘residual chlorine into

‘a sample :

Hydr01y31s oceurs ot 'IHM mtermednte As the tempelature of the head space analysis

to prevent hydrolyzmg of THM mtermed:ate even if the pH of the sample is set to, say, 2.
{As shown in Flg 5, with pH 2 and the temperatme ‘of the assembler at a level below

'.40 C‘ thele would be no hydroly31s of THM mtennedmte )

20 |—

" Chloroform Concentration

S R N N IS
0 1.2 3 4 5

_ Tbermo:stét Soaking Time (Hr)

| Fig. 5. " Effect of Hydrolysis Inhibition on Chloroform Intermediate by Lowering pH

Ha:rdlly' affected by ion st”rengt'h

_ngh sens1t1v1ty for measurmg

As it takes so long as 20 mmutes for the head space assembler to rise in temperatlue
no contmuous gas; chromat1op1uc medsurement is possnble therefore, inconvenient for

analysmg many samples
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'5-5 Suggestion for Approplmtc THM Andlytlcul Metlaod m Ioul'm

Suwe the tested watcr in Joulan Lont’uns much of blomme 1011, the tulnlomethdne_'
immmg th;ouﬂh ‘chlorination cont'lms a idr;:,e p10p01t10n of bromine. ’1he prescnt analysw’
method employed in Jor dan is not ef fec‘uve in prwentmt, 'iHM mteimcdlate flem hydrolyzmg, L
therefore the measured values arc high- afid w1dcly \rdrnnt L o

As the IeSUlt of cq1eful consulc:atlon about. the above prob]ems Wwe are obltged 1o l‘e'ICh
a conclusmn m favor of the solvcnt cxtractnon method descubed in S 2 as the be%t practlcal_: '
analysis mcthod By this mcthod a lHM extiaction ‘solvent could be tﬁ.ken edsﬂy by sunple'
oper'ltlon and then the solvent 1s mjeuted mto the gas chlomfitograph aftel detachmg the head

spauc a<semblel
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