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Table 1.1 Efficiencies and Prices (v

available) for various Arsenic removal

techniques
Technique Arsenic icinuval Cost Reference for costs of techniques
Efficiency
(Government of
Newfoundland
and Labr: r,
2006)
Activated 51 v $ 1200-1600 for low Arsenic removal system, 2008
alumina (AA) co  ination levels (6-10
gpm)
Granular 96% »oovioradrumr it Omitha Devendra. Customer service representative,
activated should be replaced every 9 Carbon Activated Corp. California, personal
carbon (GAC) to 12 month communication, 2008
Iron oxide
coated sand 96%
(10CS)
lon exchange 40-90 %
resins
Nanofiltration 95 % 2 14, you ncluding a RE Consumables Nanofiltration, 2008
storage tank (1500 gpd)
Reverse 95 % : RE Consumables Reverse Osmosis, 2008
0smosis storage tank (1000 d)
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antimony in groundwater in Newfoundland 1 iges between 0.5 to 3 pg/l, which is not

high, it might interfere with the recovery of Arsenic if groundwater is tested using Quick

I (Guzzwell, 2006).
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Chapter Three

Materials, Methods, 1vols and  uipment

The material used in this study for rptic  was horticultural pe: impregnated with
FeCly. In order to oxidize Fe®* to Fe’*, v ch forms stronger bonds with organic
substances, sodium hypochlorite was used. The arsenic species used for preparing the

Arsenic solution was As(V).

The aim of this study is > load peat with the optimum amount of iron to react with the
associated phenolic and carboxylic grc s for nproving the adsorption capacity of peat.
Functional groups do n« react with /# enic, 101 ", it can react with iron hydroxides

and oxyhydroxide (FeOOH), whii . able to form complexes with Arsenic. The
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with Fe during the impregnation due to the formation of inner sphere complex or physical
adsorption is the reason for the reduction in the CEC results obtained. The strong
covalent bond that was formed between some of the functional groups and Fe and the
preferential adsorption of Fe over Ca onto peat surface prevented any further exchange of
Fe’* by Ca** which was the ion used to detect the CEC of peat in this research (Brown

etal., 1999).

4.1.3 Acid Digestion

The acid digestion tests were conducted to d rmine the Fe and Arsenic content of the
peat soil samples, which included the w1 eated soil and the Fe impregnated peat soil
samples (Fe-Peat). The test was done for the untreated peat and each of the Fe-Peat
soils which was enough to check if there s any trend due to 1 v 1tion in Fe

concent ion in the impregnating s« ions.
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The first row of the Table represents the properties (pH and As and Fe concentrations) of
the three initial solutions used for the three batch tests while the rest of the rows represent
the properties of the solutions after they we treated with the five peat soils. For the
initial solutions of the first and the secon batch tests, the average Arsenic concentration
was 60 pg/l. For the th 1 test or the blank test, the Arsenic level i the initial solution
was 7.84 pg/l which is high conce ration for distilled water. This distilled water was
obtained from the Environmental Lab in the Er 'neering Building. 7 e distilled water in
the Earth Sciences Lab was later foo 1 ) have an Arsenic concentration ranging between
0.7 to 2 ug/l. To obtain more accurate sults r blank tests in the future, a pure distilled

water supply is recommended.
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yet. The top soil was adsorbing and retainit most of the Arsenic before the solution

reached the bottom soil.

4.4.4 Blank Column Test for Fe 0.54-Peat

A blank column test was conducted on ¢ Fe 0.54-Peat and the sam} : was compacted
¢ er 42 hours and dried then compacted again ter 144 hours. The behavior of the Fe
0.54-Peat in the blank test after drying was different from that of the column test spiked
with Arsenic. After drying, the Arse clevel v 1t up then with time and with the

increase in pH it went down again. The results [ the blank test are shown in Table 4.12.
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Ch pter Five

Conclusions and recomm¢ dations

5.1 Cor ~"-1sion

This study was concerned with the removal of Arsenic from drinking water. Most of the
work was laboratory ba 1 and did not inclur any field experiments. However, field
data on different water sources in @  foundl: 1 was obtained from 1e Government of
Newfoundland and Labrador for the statistical 1alysis. The concentration of Arsenic in
the spiked distilled water samples pr | for :column tests with Arsenic was around
60 pg/l, while the max concentration in the analyzed samples of Newfoundland water

sourcesv 44 pg/l (Gr [, 2006).
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Appendix

A.l Calculations

e [or preparing the base solution:
1 Nis equal to 1 M x n (which is the numb.  of H" or OH™ provided by the formi 1 of
acid ). The number of OH™ is 1, Therefore, 1 M of NaOH is e 1iivalent to 1 N of
NaOH. The number of grams/mo  for NaOH is 40.
0.01 NNaOH =40g olex 0.01 ole/liter 0.04 g/ liter
For preparing the acid solution:
The same rule applies for HCl as »r NaO. 1 N HCI =1 M HCI. The HCI used was
obtained from Fisher Scientific. I 5 a concentration of 30 % and density of 1149 g/I
at 20 °C
1 N HCI = density (g/liter) x concentration / lolecular wt

=1149x0.3/36.48=S i mole/liter
e Fordilution:
For reaching the required concentration, 40 | of sample was diluted. The number of
moles does not change after the dilution, therefore the number of moles before
dilution is equal to the number of »>les after dilution:
MV, =M,V,
9.45x4=0.1xV,
V,=378 ml

e For getting the amount of consi ' (H') or base (OH) in mequ/ g:
114



For HCl and NaOH mmol = Eq.
Therefore, M (mole/ liter) x 1000 ole/me : x # of ml added / (1000ml/ 1)

For obtaining the results inmequ mmol sl 1ld be divided by the wt of soil used
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A.2 Permission of Author an "~ ibles and ™“gure
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A.3 Tables

The first Table (Table A.1) is a spread sheet that includes chemical and physical
analysis of 128 water sources in Newfoundland. is attached on a CD for the ease of

obtaining information if required.

A.3.1 Correlation of As Level with Physical } )perties and Chemical Parameters of

Newfoundland Water Resources

Table A.2 Provincial correlations

Correlations: ARSENIC, ALKALINITY, C__OR, ONDUCTIVITY, HARD} 35S,
PH_LEVEL, ...

ARS IC ALKALINITY COLOR CONDUCTIVITY
ALKALINITY -0.423
0.000
COLOR 0.504 -0.503
0.000 0.000
CONDUCTIVITY -0.174 0.619 -0.255
0.055 0.000 0.005
HARDNESS 0.250 0.373 0.159 0.331
0.013 0.000 0.118 0.001
PH_LEVEL -0.403 0.694 -0.519 0.457
0.000 0.000 0.000 0.000
TDS -0.159 0.610 -0.246 0.999
0.080 0.000 0.006 0.000
TSS 0.040 0.323 0.000 0.358
0.846 0.108 0.998 0.073
TURBIDITY -0.015 0.153 -0.018 0.097
0.872 0.092 0.843 0.286
BORON -0.123 0.422 -0.064 0.753
0.228 0.000 0.533 0.000
BROMIDE 0.386 0.242 0.014 0.540
0.000 0.017 0.891 0.000
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CALCIUM

CHLORIDE

FLUORIDE

POTASSIUM

SODIUM

SULPHATE

AMMONTIA

DOC

NITRATE_ITE

TOTALPHOSPHO

ALUMINIUM

ANTIMONY

BARIUM

CADMIUM

CHROMIUM

COPPER

IRON

LEAD

MAGNESIUM

MANGANESE

MERCURY

.025
.780

.071
.438

.305
.001

.313
.000

.146
. 107

.020
.827

.086
.406

.051
.592

.116
.205

.069
.449

.249
.005

.482
.000

.149
. 144

.031
.735

.308
.001

.023
.798

.017
. 854

.074
.410

.173
.056

.137
.130

.081
.427

.553
.000

.422
.000

.422
.000

. 567
.000

.466
.000

.458
.000

.234
.023

.2314
.013

.052
.573

L1171
.060

.067
.464

.099
.371

51

.010

.079
. 386

.087
.343

.010
.914

.166
.068

.056
.542

.410
.000

.342
.000

.002

)

.204
.025

.128
.160

.260
.004

.138
.130

.191
.035

.282
.002

.047
. 651

.378
.000

.224
.013

.160
.078

.279
.002

.116
.293

.096
.351

.027
.768

.443
.000

.040
.661

.016
.864

.037
. 688

.229
.011

.028
.756

.246
.015

o

.444
.000

.972
.000

. 575
.000

.767
.000

.913
.000

.895
.000

. 146
.159

.174
.066

.021
.823

.047
. 605

. 173
.056

.029
.793

.026
.800

.021
.816

.078
.390

.135
.139

.142
.118

.024
.796

.304
.001

.355
.000

.020
.845
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NICKEL

SELENIUM

URANIUM

ZINC

.183
.043

.060
.560

.062
.575

.015
.869

.153
.092

.269
.008

.196
.074

.114
.212

.227
.012

.054
.601

.096
.385

.023
.798

.015
.874

.092
.370

.118
.285

.044
.628
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Table A.3 Central region correlations

Correlations: ARSENIC_1, ALKALIN.. /_1, COLOR_1, CONDUCTIVITY,

HARDNESS_1, ...
ARSENIC 1
ALKALINITY 1 -0.776
0.000
COLOR_1 0.689
0.003
CONDUCTIVITY -0.538
0.031
HARDNESS 1 -0.274
0.415
PH_LEVEL 1 -0.661
0.005
TDS_1 -0.532
0.034
TSS_1 *
- *
TURBIDITY 1 0.006
0.982
BORON_1 0.401
0.221
BROMIDE_1 -0.101
0.768
CALCIUM 1 -0.446
0.083
CHLORIDE_1 -0.413
0.112
FLUORIDE_1 -0.111
0.683
POTASSIUM_ 1 -0.678
0.004
SODIUM 1 -0.568
0.022
SULPHATE_1 -0.436
0.091
AMMONIA 1 -0.191
0.573
poc_1 -0.127
0.666

ALKALINITY 1

.546
.029

L1722
.002

.685
.020

.735
.001

.709
.002

.272
.308

.648
.031

.391
.234

.673
.004

.567
.022

.072
.791

.792
.000

.735
.001

.662
.005

.135
.693

.568
.034

COLOR 1

.267
.318

.495
.122

.817
.000

.253
. 345

.189
.484

.646
.032

.302
.367

.179
.507

. 151
.576

.353
.179

.436
.091

.316
.233

.151
.576

.074
.830

.280
.332

CONDUCTIVITY

. 965
.000

.326
.218

.999
.000

.133
. 623

.515
.105

.356
.282

.973
.000

.979
.000

.309
.244

.908
.000

. 955
.000

.934
.000

.297
.375

.526
.053

120



NITRATE ITE

TOTALPHOSPHO

ALUMINIUM 1

ANTIMONY 1

ARSENIC_1

BARIUM_1

CADMIUM 1

CHROMIUM 1

COPPER_1

IRON_1

LEAD 1

MAGNESIUM 1

MANGANESE_1

MERCURY 1

NICKEL 1

SELENIUM 1

URANTUM 1

ZINC 1

.450
.081

.026
.922

.311
.241

.391
.298

.000

.240

476

.127
.638

. 094
.729

.298
.261

.039
. 887

.003
.990

. 690
.003

. 343
.193

.513
.106

.277
.299

.513
.106

.073
.789

(=)

0.
. 386

.678
.004

.223
. 407

.042
.877

.140
.719

.776
.000

. 549
.080

.162

233

.262
.326

. 324
.221

.252
.347

. 815
.000

.601
.014

.137
. 687

.235
.380

.137
. 687

.231
.390

-0.
.532

0.
.484

.226
.400

.253
. 345

.227
. 397

.326
.392

. 689
.003

.359
.278

169

189

.073
.788

L1777
. 511

175
.516

.463
.071

.094
.729

.370
.263

.013
.963

.370
.263

.181
.502

-0.
0.748

0.
. 341

. 621
.010

.017
. 951

.436
.092

.080
.837

.538
.031

. 584
.059

087

255

.469
.067

.229
.393

.118
. 664

.838
.000

.719
.002

.065
.850

.126
.641

.065
. 850

.032
.907
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Table A.4 Eastern region correlatior

Correlations:

ALKALINITY_ 1

COLOR 1_1

CONDUCTIVITY

HARDNESS_1_1

PH_LEVEL_1_1

TDS 1_1

TSS 11

TURBIDITY 1_

BORON_1_1

BROMIDE 1_1

CALCIUM 1 1

CHLORIDE 1 1

FLUORIDE 1 1

POTASSIUM_1_

SODIUM 1 1

SULPHATE_1_1

AMMONIA_1_1

poC_1 1

NITRATE_ITE_

ARSENIC 1 1, ALKALINITY_ 1, COLOR_1_1, CONDUCTIVITY,

ARSENIC 1 1
-0.192
0.085

0.377
0.001

0.331
0.003

0.589
0.000

-0.308
0.005

0.355
0.001

1.000

*

-0.198
0.076

-0.219
0.058

0.660
0.000

0.381
0.000

0.494
0.000

-0.322
0.003

-0.264
0.017

0.242
0.028

0.476
0.000

-0.069
0.557

-0.192
0.099

-0.050

ALKALINITY 1

~0.655
0.000

0.525
0.000

0.153
0.190

0.664
0.000

0.491
0.000

-0.999
0.000

0.324
0.003

0.175
0.134

0.068
0.562

0.460
0.000

0.094
0.405

0.270
0.015

0.196
0.079

0.461
0.000

0.128
0.255

0.152
0.193

0.102
0.386

-0.133

COLOR_1_1

.443
.000

.139
.235

.548
.000

.416
.000

.708
.075

.007
. 948

.543
.000

.027
.815

.429
.000

. 141
.210

.266
.016

.065
.564

.260
.019

.283
. 011

.156
.180

.555
.000

.185

CONDUCTIVITY

0.656
0.000

0.276
0.013

0.997
0.000

-0.99¢6
0.000

0.112
0.320

~0.091
0.435

0.806
0.000

0.698
0.000

0.891
0.000

0.005
0.963

0.135
0.231

0.662
0.000

0.803
0.000

0.102
0.383

-0.083
0.481

0.199
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TOTALPHOSPHO

ALUMINIUM 1

ANTIMONY 1 1

BARIUM 1 1

CADMIUM_ 1 1

CHROMIUM 1 1

COPPER_1 1

IRON 1 1

LEAD 1 1

MAGNESTIUM 1

MANGANESE 1

MERCURY 1 1

NICKEL 1 1

SELENIUM 1 1

URANIUM 1 1

ZINC 1 1

. 657

.096
.396

.301
.006

.509
.000

.176
.128

.352
.001

.407
.000

.054
.631

.066
.556

.092
.402

.418
.000

.108
.336

.072
.537

.138
.215

.071
.544

.053
.672

L4714
.000

.236

.148
.187

060

.598

.033
.794

.133
.254

. 664
.000

.174
.119

.038
.735

.238
.032

.021
.852

.195
.081

.288
.008%

.138
.237

.036
.752

.250

.030

. 357

.059
.599

.099

.263
.018

126
.264

.044
.125

.040
.734

.871
.000

.457
.000

.0l6
.886

.076
.498

.022
.844

.294
.008

.016
.889

.355
.002

.198
.077

.126
.280

.175
.160

.008
.942

.075

.007
. 954

.188
.093

.460
.000

.124
.291

.434
.000

.129
.250

.071
.531

.159
.156

.045
.689

.678
.000

.les
.134

.182
.118

.041
.718

.004
. 975

.080
.523

.530
.000
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Table A.5 Western region correlatiol

Correlations: ARSENIC_2, ALKALIMN.. /_2, CC DR_~ CONDUCTIV Y,

HARDNESS_2, ...
ARSENIC_ 2
ALKALINITY 2 ~0.769
0.000
COLOR_2 0.634
0.001
CONDUCTIVITY -0.727
0.000
HARDNESS_2 -0.251
0.457
PH_LEVEL_2 -0.692
0.000
TDS_2 -0.728
0.000
TSS_2 0.000
1.000
TURBIDITY 2 ~0.019
0.929
BORON_2 -0.266
0.430
BROMIDE 2 -0.194
0.567
CALCIUM 2 -0.442
0.027
CHLORIDE_2 -0.630
0.001
FLUORIDE_2 -0.611
0.001
POTASSIUM 2 -0.769
0.000
SODIUM_2 -0.616
0.001
SULPHATE_2 -0.670
0.000
AMMONIA_2 -0.237
0.540
DOC_2 -0.332

Ny

ALKALINITY 2

-0.608
0.001

0.684
0.000

0.420
0.198

0.773
0.000

0.682
0.000

0.278
0.316

0.385
0.057

0.266
0.429

0.120
0.725

0.631
0.001

0.535
0.006

0.670
0.000

0.799
0.000

0.519
0.008

0.617
0.001

0.774
0.014

0.027

COLOR_2

.585
.002

.198
.560

. 622
.001

.582
.002

.002
.995

.108
.609

.566
.069

.279
.406

.237
.253

. 518
.008

. 515
.008

.637
.001

.509
.009

.562
.003

.363
.338

CONDUCTIVITY

.641
.033

.809
.000

.000
.000

.321
.243

.114
.587

.969
.000

.483
.132

.075
.721

.982
.000

. 942
.000

.899
.000

.976
.000

. 985
.000

.512
.159

.342
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0
NITRATE ITE_ 0.
0
TOTALPHOSPHO -0.
0
ALUMINIUM_2 0.
0
ANTIMONY 2 -0.
0
BARIUM 2 -0.
0
CADMIUM_2 0
0
CHROMIUM 2 0
0
COPPER_2 0.
0
IRON 2 0.
0
LEAD_2 0.
0
MAGNESIUM_ 2 -0.
0
MANGANESE_2 -0.
0
MERCURY_2 -0.
0
NICKEL 2 0.
0
SELENIUM_2 -0.
0

URANIUM_2
ZINC_2 -0.
0

.122

182

.384

567

.003

514

.009

499

172

114

.740

.012
. 954

.041
. 844

166

.429

120

.566

415

.039

251

.226

388

.055

506

.112

083

. 692

562

.072

302

.142

o

.902

.187
.370

L7135
.000

.507
.010

.054
.891

.836
.001

.388
.055

.294
.153

.236
.257

.021
.920

.613
.001

.563
.003

.606
.001

. 585
. 059

.402
.046

.587
.057

.196
. 349

.061
L1771

.552
.004

.675
.000

.346
.362

.501
.117

.299
. 147

.181
.386

.045
.829

.490
.013

.415
.039

.252
.225

.355
.081

.199
.557

.252
.224

.125
.713

L217
.296

.124
.554

.564
.003

.355
.082

.816
.007

.162
.635

.452
.023

.223
.283

.148
.480

173

. 407

.183
.382

.068
. 745

.030
.885

.362
.274

.094
. 654

.223
.510

.472
.017
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