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Procedure of Iron Testing by Dalta Sci entific Company
Photometric Analyzer, Model 260

Tost Nos 260 = 14m====Iron

The Regents and Accessories requires are as

follows:
R-101 Armonium Acetate Buffer
R-39 Hydrochloric Acid, Concentrated
R-1000 Hydroxylamine Reagent
R-36 Iron Reagent Powder
R=-102  Phenanthroline, 0.1%
2 103-A Cylinder, Graduated, 50 ml
2 105-A  Flask, Brlemneyer, 125 nl
2 107=-A Flagk, Volumetric, 50 ml
2 110-A~ Pipette, Mohr Measuring, 5 ml in
1/10. ml
112-4 Seoop, |
Procedure | '
This is based on the standard A.P.H.A. method,
12th edition, using Phenenthri_aline. "There the ample is

TREATED TO REMOVE DI'I.‘ERFERDIG SUBSTANCES. The calibration
graph is used. B
1,/ For total Iren, nix the sanple throughly
and measure 50 ml of mixed sample into a 125 ml Erlenmeyer
flask,

2, Sirultaneously prepare a reagent by adding
50 ml of sidtilled water toa second 125 ml Erlenmeyer flask.

3. To each Flask, add 2 ml or No R-39 Hydro-
cholric Acid, Concentrated, And 1 ml of No. R-100 Hydroxy-
lanine Reagent.

4., Heat both flasks to boiling on a hot plate
and reduce to volume to approximately 20 nl.

5. Cool to room temperature and transfer each
to No,107-A ml Volumetric Flasks.

6. To each, add 10 ml of No.R=101 Ammoniun
Acatate Buffer and 3 ml of No,R-102 Phenanthroline, 0.1%
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. T Dilute each flask to volume with distilled
water, and nix, Let stand for five minutes.
8. Turn on the Analyser and rotate filter
selector to No,520,

9. TFill one No.260-T Squarc 26 rm Test Cell
with untreated filtered sample.

10. Insert the test cell containing the blank
into the Analyzer, neking certain that one of the frosted
sideg faces to the front. Adjust the neter needle to 100,

11. Replace the blank with the test cell
containing the treated sample, and read the meter.

12. Refer to the graph for Iron to convert the
neter reading to ppm Iron (Fe)

13, The Nodel 260 Water Analyser.



Table * Characteristics of Influent
and Effluent Groun Watex
Sanple.
Test No I A
Loading 0.42 1 /min
Energy used 29 Watts
Conc%uctfivity 3,43 ‘micre-mhe
Raw: sample Treated sample
pH 6435 6.6
Tenperature 28‘ c 48°C
{Iron W7 pm 0.0125 ppm
Hardness As CaCOy 380 ppm 330 ppm
Alkalinity 480 ppm -
Dissolved 02 2.8 ppon 1 ppm

Percent Iron Removal

= 99026 %
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Table 2 Characteristics of Influent
and Pffluent Ground J/ater
Sanple,
Test No I B
Loading 150 1 /riin
Energy 20 Vatts
Conductivity 3:43 micre~-mhe
l
Raw /‘sample i Treated sample
| { LAY U |
'
pEl 6.35 6.5 :
Temperature 28°C 43°C
Iron Yo7~"ppm 0,025 ppm
1
{Hardness As Ca,(.'}O3 380 pm 370 ppm
[Alkalinity A80  ppm -
Dissolved O2 2.8 pm 2 ppm

Pexcent Iron Removal =

98455 %
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Table 3 Charscteristics of Influent
and Effluent Ground Vater

Test No I C ’

Loading 2,31 1/min

Inergy 20 Watts

Conductivity 3.43 micro-mhe

|
Rawr /'sample ‘ ! Treated sample

e v sl .l; A\ . . - 15
pH 6.35 [ 655
Menperature 28°¢C 40°C
Iron T Ppm 0,0625 ppn
Hardness 380 ppri 330 ppo
{Alkalinity 450 ppm -
Dissolved 0, 2.8 ppn 2.6 pPa

Percent Iron Removal =

96.32 %




Table 4 Characteristics of Influent
and Effluent Ground tater.,

Test No I D
Loading 2.85 1/min
Energy used 20 Watte
Conduchivity 3.43 microe-mhe
Raw sanple Treated sample
pH 6.35 6455
Temperature 28°c 32°C
Tron A ppn C.14 PP
Hardness 380 P 380 ppn
lilkalinity ' 450 - ppa -
Dissolved O2 2,6 \ ppm =

Percent Iron Removal = 91.76 %
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Table 5 Characteristics of Influent
and Effluent Ground Water

Sample,
Test No T E
Loading 3,18 1/nin
Energy used 20 Watts =
Conductivity 3.43 micre-mhe
‘Raw sanmple Treated sample
FPH 6.35 6445
Tenperature 28°C 30°C
Iron < ) yojon! 0.235 ppm
Hardness 380 ppm -
Alkalinity 450 et -
Dissolved O, 2.6 ppm -

Percent Iron Removal = 85.88 %



Table 6 Characteristics of Influent

and Effluent Ground Water
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Sample.
Test No II A
Loading 2.4 1/min
Energy used 40 Watts
Conductivity 3.96 micre-mhe
Raw' sanple Treated sample
ipH 71 7.3
Lemperature 28°C 36,5°C
Iron 1 *.5 PO 0.15 ppn
Hardness As Ca.OO} 405 Ppia -
Alkalinity 380 ppm 180 ppn
Dissolved 0, 2,6 ppn 1.4 ppm
Percent Iron Removal = 90 %
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Table 7 Characteristics of Influent
and Effluent Ground Water

Sanple.

Test No II B

Loading 312 1/nin

Energy used 40 Watts

Conductivity 3.96 micro-mhe

Raw ‘sanple Treated sample

pH T Te2
Tenperature 28°C 35°C
Iron 1.5 ppn 0,46 PR
Hardness As CaCO 3 405 PP 340 ppm
Mkalinity 380 PP 180 joyoin
Dissolved O, 2.6 ppo -

Percent Iron Removal

= 69,33 %



Table 8 Characteristics of Influent
and Bffiuent Ground J/ater

Sample.

Test No II D

Toading 4.3 1/min

Energy used ‘40 Watts

Conductivity 3.95 micre-mhe

Rawr sanple Treated sample

RS BN U e
pH Fal Tel
Menperature 28°¢C 33°C
Iron 1.5 yjomt C.57  ppm
Hardness As CaGOS 405 ppo 395 P
Akalinity 380 PP 260 PP
Dissolved O, 2.6 prm -

Percent Iron Removal

= 62 %
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Table 9 Characteristics of Influent
and Efflucnt Ground Jater

1/min
Watts

micre-mheo
{

Treated sample

Sanple.,
Test No III A
Loading 5:04
Energy used 60
Conductivity 3496
Raw' sanple
pH W Tod
Tenperaturc 27°C
Iron 1.5 Dpr
Hardness As Ca,CO3 405 geie al
Alkalinity 380 ppa
Dissolved 02 2.6 PP

,’-2

36.5°C

0455 ppm
230 ppa
2 ppm

Percent Iron Removal

= 63-33 %
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Table 10 Characteristics of Influent
and Effluent Ground wWater

Sanmple,

Test No III B

Loading 247 1/min

Energy used 60 Tatts

Conductiv'i‘ty 3.96 mic re -mh.

Raw sanple Treated sanmple

pH 7.1 T.05
Tenperature 27°C 38°C
Tron 1.5 il 0.025 o
Hardness 405 ppm 340 pm
Alkalinity 380 ppr 140 ppn
Dissolved O, 2.6 ppm -

Percent Iron Removal

« 98,33 %



Table 11

Test No ITI C

Toading

Energy used

Conduetivity

Characteristics of Influent

83

and Effluznt Ground Jater

Sample,
4e2
60
3.96

NS N
(3 ulchrg)

Vatts

nifcro -mho

pH

Tenperature

Iron

Hardness As Ca003
JAlkalinity

Dissolved 02

M

™

!

Raw ‘sample l

Sl /4

7.1
27°C
1.5
405
380

2.6

S\ Sumanten

ppn

ppe

ppri

ppri

l

Treated sample |

S

6.3

37.5°C

0.52 P
360 ppo
180 P

Percent Iron Removal

65.33 %



Table 12 Characteristics of Influent
and Effluent Synthetic Water
Sample,
Test No IV A
Loading 0.698 1/min
Energy used 80 Watts
Conductivity 445 miéro-mhe
Synthetic sample Treated sample
it e 7.2
Tenmperature 27°0 27°C
[Mlkalinity 106.6 ppn 103.3  pm
Hardness 45 P 35 ppm
[Iron 2.4 ppm 0.12 P

Percent Iron Removal

- 95.0 %
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Tabla 13 Characteristics of Influent
and Bffiuenc Synilhetic avec

Sampla.
Test g IV B
Toading 0,698 1/m3m
Inergy used 80 “Jatts
ConCuetivity 4e5 - micro-mhe
YL AN |
Syrithctic sanple Treated sampie |
Y 4/ 4/ W .6 GERNNN, Y
ke ! j
9}1 7.1 : 7025 i

Tenperatbure oT°C ‘ 27°C

Mkalinity 106,65 P 81.6 I :
Bardacss 45 ToN 35 PR

Tron 2.4 Ppn 0.1 jojon!

A

Percont Iron Removal = 95.85 %
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Table 14 Cheractoristics of Influent
and Effluent Synthetic Vater
Sanple.
Test No IV C
Loading 0.698 1/min
Energy used 100 Watts
Conductivity 4.5 micre-mhe
Synthetic sanple Treated sanple
,T)H 7,1 ' 7 N 1 i
i 1 ! )
Tenperature 27°C 27.5°C
Alkelinity 106.6 ppm 91.75 pm
Hardness 45 jojus! 40 ppn
Iron 2.4 ppo 0.1 P

Percent Iron Removal = 95.83 %
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Table 15 Charactéristics of Influent
and Effluent Synthetic /atexr

Sample,

Test No IV D

Loading 0,698 1/nin

Energy used 1 §0 Watts

Conductivity 445 micre-mho

Synthetic sanmple Treated sample

pH Tet 6.9
Tenperature 27°C 27.5°C
Alkalinity 106,6 — ppn 91.75 jjeal
Hardness 45 ppm 42.5 jyeal
Iron 2.4 jjont 0.032 ojon!

Percent Iron Renoval = 98.6 %
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Table 16 Characteristics of Influent
and Effluent Synthetic Water

Sanple.

Test No IV E

Loading~y" 0.698 1/min

Energy used = . 160 Watts

Conductivity 45 micro-mhe . -

Synthetic sample Treated sanple

pH < 6.9
Menperature 27°C 28°C
[A1kalinity 106.6 82,5 pmm 74{
Hardness 1115 b ppm 40,0 o)ea!
Iron IJULALONGKDR ‘ppm 0,05  ppm

Percent Iron Removal . = = 9.9 %
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Table 17 Characteristics of Influent
and Effluent Synthetic Water

Sample.
Test No IV G
Loading 0,698 1/nin
Encrgy 200 Watts
Conductivity 445 micro-mhe
Symthetic sample Treated sanple
pH 7 . 1 6 . 95
AMkalinity 10646 ppn 90,0 ppnl
Herdness 45  _pm 40 ool
{Iron 2.4 ppo 0.025 ppm
Tenperature 27°C 28°C

Percent Iron Removal

98,9 %



Test No IV H

90

Table 18 Characteristics of Influent
and Effluent Synthetic Vater

1/min

Watts

micre-mho

Treated sanple

pH
Alkalinity
Hardness
'Iron

~ {Tenperaturc

Sample.

Loading 0.698
Tnergy used 200
'Conductivity 4.5

Synthetic sanple

Tl

106.,6 ppn

45 ppo

2.4 Py

27°C

!
i

|
l
|
I

|

6.8

T7.5 ppiY
42.5 ppm
0,0125 ppm
28°C

Percent Jron Removal

= 994 %
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Table 19 Characteristics of Influent
and Effluent Synthetic Vater

Sanple,

Test No IV I

Loading. ./, 7, 0,698 1 /min -

ergmed  : 240 Watts

Gondyf/wﬂy 445 micre-mhe

] R ET i
/? / 3@3511?»4-0 sample‘ Treatcd sanple

IA1kalinity ] P 86,0 ppo
Hardness PP 42,5  ppm
Iron P 0,01 ppn
Tenperature 23°C

Percent Iron Removal = 99.5 %
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Cost Estinated
For Iron Removal by Electrical Means.
1. Natural Water
Flow rate 2.7 1/min = 162 1/hr,

Energy used 60 Jatts = 60 V=hr,
percent of iron removal 98.33 %
Akalinity 380 ppm
a unit of electrical energy is 0.75 .
Cost of eleetrical energy per

cu.m, i8 = 0,06 0,75/0,162 =  0.77 B
approxiratty = 0.30 B/cu.n,

2, For'a Synthetin ater

Flow fate 0,698 1/min = 41,88 1/hx.
BEnergy used 160  Jatts = 160  Vi=hz,
Percent of iron remove 98.6 %
Axalinity 106.6 ppn
41,88 1/min cnergy used = 0.6 k-

cost of electrical envrgy
per cu.m, = 0,75 0,16/0.04188

= 2,926 B
approxinetty 3,00 B/cu.n,

Note. The lower the alkalinity, the higher the energy cost,

For Iron Renoval by Spaulding Precipitator by
R.H.BABCOCK (1949)

Percentage of Iron renoval 95 %
Alun used = 2,5 grg
Line used = 2.5 grg
For one cu,n, of water used = 2.5 1,000/3.787g.
= 0,66 8
cost of alum = .20 B/cu.n,
cost of lime = .05 Bfeu.n.

total = .25 B/cu.n.
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Table 20 Bstimated cost at various flew

rate
8 0 Watts 60 Watts
O |G, | Gee | AR AR
20| o.u9 TR
245 0.199 88 i 0,300 99
3.0 0.166 7% i 0.249 95.25 |
3.5 | 0.142° 66425 l 0,217 81
- L s - 0,87 | 68 |
Taplé ?,1 Estinated cost at various per-
%) <@ centage of iron removal,
B _ e | Guets
c?ﬁcm N F_l'_%f%te ﬁ?&g. ' Flf rate
% 5 ewi] w3 | 305 |
90 $204 <11 | 2440 .230 3.25
85 192 2 2.60 +220 3.40
80 A8 L 2,80 | .212 3.55
5 . 166 : 3.0 «202 3.70 J




Table VI Summary of Result

F}%ru Rate Encrey p%lf' Hard%ﬁgg Iron .. %Removal pH Tem., “0
Natural Row - - 480 380 T - 6435 28
Sample No I ; :
AN TN 0.42 20 b 330 0.0'125 990 26 6.6 48
1.50 20 - 370 0,025 98,55 6.5 43
2,31 20 - 330 0.0625 96.32 6455 40
2.85 20 - 380 0.14 91.76 6455 32
313 20 - - 0.235 85,88 6.45 30
Natural Raw - - 380 495 145 = To1 28
Sample No II 2.1 40 19 /) s
312 40 180 340 0.46 69.33 1ok 35
4.8 40 260 395 Y 62 Tal 33
247 60 140 340 0,025 98,33 T.05 38
4.2 60 1800 360 0.52 65.33 6.8 375
5.04 60 230 - 0455 63.33 Te2 36.5
Synthic - - 106.6 | 45 2.4 - o 27
S le,
- 0,689 80 103.3 35 0.12 95 T.2 27
0.689 100 91.75 40 0.10 95.85 Tal 2%.5
0,689 160 82.50 40 0.05 47.90 6.9 28
0.689 200 2 P 42.5 0.,0125 99.4 | 6.8 28,5

6
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