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Abstract

The arsenic mitigations have been performed in the basins of the Ganges River, the Yellow

River and the Mekong River by many agencies, but not so enough in the basins of the

Irrawaddy River and the Indus River. We had a chance to survey the arsenic contamination of

groundwater at Punjab division in the Indus basin, Pakistan. Although the values of

Oxidation-reduction Potential, ORP, are negative and almost same as in the Ganges basins, the

concentration of ferrous iron is very low. The groundwater in the Ganges basins are under the

reducing condition and the concentration of ferrous iron is high. The arsenic removal unit had

been developed by using the iron function of co-precipitating with arsenic, and many units have

been operated in the Ganges basins. The groundwater in the Indus basins seems in general to be

under the oxidizing conditions, partially under the reducing condition. This may be caused from

the evaporation in semi-arid climate, the recharge from canal leakage water, return water from

irrigation, and anthropogenic pollutants such as fertilizers and wastes from industry &

household. We designed an arsenic removal unit, increasing the concentration of ferrous iron by

putting iron metal bars in the unit.
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I. INTRODUCTION
Arsenic contamination of groundwater currently occurs in

various regions across the world, such as Asia and North &

South America (H. Yokota 2006). Arsenic contamination of

groundwater, in Asia, is seen in the basins of the great rivers,

originating in the Himalayan Mountains and the Tibetan

Plateau, such a~ the Ganges River, the Indus River, the

Mekong River, the Hor River, and the Yellow River [Yokota,

H 2004], where people depend on groundwater for the

drinking water.

A part of arsenic contaminated areas is shown in Fig.l. A

thermally altered metamorphic zone in the Higher Himalaya,

containing various types of minerals, is considered as the

source of arsenic [R. B. Sah, et aI., 2002].

Arsenic contaminations of groundwater in West Bengal,

India (Foogri River basin), Inner Mongolia Autonomous

Region, China (Yellow River basin) and Bangladesh

(Meghna River basin) are known for long, in which the

detections of the arsenic contamination are in 1982, 1989

and 1993, respectively. The investigations and

countermeasures in those areas have been performed by

University of Miyazaki and AAN (Asian Arsenic Network)

as follows.
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The high arsenic concentration in Punjab, 250-400ppb,

has been seen in the 6 districts along the Indus and its

tributaries, and serious arsenic contamination over 1000 ppb

has also been found in the 2 central districts in Sindh. And, it

was mentioned that the arsenic concentration had no relation

with the well depth, values of pH & EC and iron

concentration.

2. ARSENIC CONTAMINATION IN
PAKISTAN

2.1 Arsenic contamination in Punjab and Shindh

divisions

The groundwater in Pakistan is contaminated at the

eastern (Punjab) and southern (Sindh) along the Indus and

its tributaries. It was made clear by the survey of PCRWR

(pakistan Council of Research in Water Resources, Ministry

of Science & Technology) under support of UNICEF in

2000-2005. The situations of arsenic-contaminated tube

wells, obtained by the sample tests in all districts of Punjab

01,693 samples) & Sindh (67,556 samples), is shown in

Table 1[M. A. Kahlown, et al., (2003)].

5Oppb<As

9%

17%

10<As<5Oppb

31%

36%

60%

47%

As<IOppb

Table 1Arsenic contamination in Pakistan

Division

Punjab

Sindh

removal unit at Punjab division, Pakistan, during support

activities for the sufferers by severe flood from the Indus in

the summer 2010.

Some of new tube wells were contaminated with arsenic,

which were installed by Japanese NGO, NICCO (Nippon

International Cooperation for Community Development),

which has supported the sufferers of villages for housing,

drinking water and medicine at the villages about 80lan

western from Multan in Punjab division together with the

local NGO, Safe Winds Organization, since

September 20 IO.

The Fe2
' concentrations of groundwater at the

villages were very low, which is to be needed in

arsenic removal wIit, though the value of ORP

showed almost same as those in Bangladesh and

India.

Here, the water quality characteristics of

groundwater are discussed in comparison with

those in other areas of Pakistan and in Ganges

basins. Also, the design ofarstc11ic removal unit is

shown, which may be used, in future, at the

arsenic contaminated groundwater area with little FeZ'

concentration in the world..In Bangladesh, AAN had surveyed the arsenic

contamination from 1996 and implemented the Arsenic

Mitigation Project twice these ten years from 1999 with the

technical cooperation of flCA [flCA, et al., (2004), Ministry

of Local Government (Bangladesh), et al.,(2008)], and is

now promoting a new flCA technical cooperation project for

building a service model of local government for safe water

supply. Also, AAN had implemented the arsenic mitigation

in Inner Mongolia with RGAG (Research Group for Applied

Geology) 1996 to 2004 [ RGACGIM (2007)].

On the other hand, at Mekong River basins in Vietnam,

Cambodia and Laos, arsenic contamination were fIrst

confIrmed around 2000 and countermeasures just began

under help such as UNICEF, GIST (Gwangju Institute of

Science and Technology) [K. W. Kim, et ai., (2011), K. H.

Cho, et ai.,(20ll)] andAAN & RGAG [AAN,et al.,(2012)].

The mitigations of arsenic contamination in the Ganges,

Yellow and Mekong basins have been also implemented by

each government in the basins and other international

agencies, though no mentioned here. However, the

mitigations in other basins, such as the Irrawaddy and the

Indus, are not so implemented as in the basins of the

Ganges.

The ground water in the Indus basin seems to be under the

oxidizing condition [World Bank (2005)], though reducing

conditions in the basins of Ganges, Mekong and Yellow. We

had the chance to survey the arsenic contamination of

groundwater in the basin of Indus and to design an arsenic

Fig. I Arsenic contamination in Asian countries

The University of Miyazaki had elucidated the

mechanism for arsenic contamination and developed the

safe water devices in Bangladesh and Nepal together with

AAN since 1997 [Yokota, H. et al., 2006], and also has

conducted activities for arsenic mitigation in UP (Uttar

Pradesh State), India under a flCA technical cooperation

project from 2008 until now in collaboration with AAN

[Yasunori Yano, et al., (2009,2012)].
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2.2 Arsenic contamination in Multan suburb at the

south-western Punjab

Nickson et al. showed the test results of 49 samples in the

Muzaffargar district next to Multan district, which was one

ofthe high arsenic-contaminated 6 districts mentioned above,

as follows [ R. T. Nickson, et al., (2005)].

a) Shallow tube wells (42 wells, depth<3Om)

Arsenic concentration in urban area was 0-27Oppb, in

which the arsenic enrichment was caused by reduction of

hydrous ferric oxide through pollutant organics from

unconfmed sewage, etc. In addition, the possibility was

indicated that the arsenic contamination was caused from

the direct contaminations of industrial and agricultural

chemicals.

Arsenic concentration in rural area was less than 25ppb.

The low concentration happened from the strong sOIption

of arsenic to aquifer sediments in the groundwater under

the oxidizing condition.

b) Deep tube wells (7 wells, depth>3Om)

Deep wells were all installed only in the urban area and

the arsenic concentration was So-l7Oppb. The data would

seem to suggest the reduction of hydrous ferric oxide by

naturally-occurring organic matter. Arsenic concentrations

seemed to increase with depth, suggesting that arsenic

concentrations in older groundwater might be govcmed by

different processes.

c) The reducing condition, which was seen partially, might

be caused by microorganism activities, following the arsenic

release from hydrous ferric oxide.

2.3 Arsenic contamination in area near Labore at the

eastern age of Punjab

A. Farooqi, et al., reported the following arsenic and

fluoride contaminations by testing 147 samples of tube wells,

the depth of which were 27-30m (123 samples), 40-SOm

(14), SO-200m (S), in the area covering 1/5th of Kasur and

1/6th ofLahore districts [A.Farooqi, et al.. (2007)].

a) 91 % of samples exceeded 10 ppb and maximum

concentration was 2.4ppm for arsenic contamination, and

75% for 1.5ppm (WHO standard) & maximum value of

22.Sppm for fluoride contamination

b) Arsenic and fluoride contaminations occurred in the

oxidizing and alkaline conditions (Eh=218-364mV,

pH=7.2-8.7,Alkalinity as HC03-=1,281ppm).

c) Arsenic was mostly in the form ofAs5
+ and showed a

positive correlation with pH and no relationship with Fe.

d) Highly a]kaline and low Ca2t and Mg2fpromoted high

concentrations ofarsenic and fluoride.

e) The source of arsenic contamination was air pollutants

derived from kiln factories, with fertilizers being a possible

secondary source.

Table 2 Comparison ofwater quality between Indus and Ganges basins (ppm except pH, Eh and EC)

Pakistan India Bangladesh Nepal Inner Mongol

Ghazi Ghaat Multan Rahore Bahraich Samta Terrai plain Hetao plain

pH 6.3-8.7 6.6-8.6 7.2-8.7 6.8-7.5 7.1-7.6 6.9-7.5 7.4-9.0

Eh 26-l90mV 70-160mV 110-180 mV 70-170mV -230-198mV

21S-364mV 260-420mV 230-300mV 277-347mV

EC 0.31-7.05 0.40-4.60 0.42-1.27 0.57-1.37 0.62-1.98 0.56-6.40

mS/cm mS/cm mS/cm mS/cm mS/cm mS/cm

As 0-0.5 0-1.0 0-2.4 0.05-0.1 0-1.2 0-0.9 0-0.65

>0.1

Fe 0.01-2.0 0-2.7 0-2.8 0.05-1.5 1.2-10.5 2.0-13.0 0-11.4

HC03 150-1500 150-1300 180-430 360-700 240-1090

N03-N 0-3.6 0-53 0-46 0.02-0.6 0-0.] 0-1.8 1-3.0

>1.0

NH4-N 0-0.6 0-60 0-2.2 0.5-6.5 0-1.8 1-1.2

S04 16-249 0-1320 24-960 0-45 0-8 0-300 2-470

P04 0-0.2, 1.2 0-0.3,26.4 0-3.3 0-2.6 0-0.9 0-1.8

CI 0-168 10-1500 4-415 1-10 0-58 4-500 70-1800

>25

Na 10-1300 12-1060 10-100 10-35 40-1280

Ca 0-137 1--230 2-138 40-100 2-10 6-135

Mg 7-50 10-200 2-61 10-50 5-20 10-180

F 0-0.8 0.5-22.8 0-4.0 0.2-2.3 0.1-2.9
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G mundwllter

±) Major sources of fluoride and S04-seemed to be

fertilizers.

2.4 Arsenic concentration and water quality at the

villages in Ghazi Ghaat county, Muzaffargar

districts

As the tube wells in the villages had been destroyed by

the flood, NICCO installed new 300 tube wells in 20II. The

depth of old destroyed tube wells was about 10m and

NICCO's new one was about 30m, which supplied clean

colored water, but 20% of tube wells showed arsenic

contamination beyond 50ppb (34% for As>IOppb). Highest

concentration value was 500ppb (2 tube wells).

The water quality for 80 tube wells out of the

above-mentioned 300 tube wells is shown in the

APPENDIX. It is compared with those in Multan suburb

and Lahore suburb in Table 2 as follows.

a) The arsenic contamination, in 2012 for 80 samples,

shows 25% for As>5Oppb (200ppb: 5 samples, 40Oppb: I

sample), which was almost same as the arsenic affected

levels, measured in 20 II for 300 samples mentioned above

(refer to the APPENDIX).

b) The value of oxidize reduction potential, Eh, in the

villages shows about 26-19OmV and less oxidizing

condition, compared with those in Lahore suburb

(Eh=218-364mV).

c) The value of pH, 6.3-8.7, is almost same as Multan

suburb (6.6-8.6) but less alkaline compared with Lahore

suburb (7.2-8.7).

d) Iron concentration, needed for arsenic removal unit, is

very low (0.01-2.Oppm). The unit is the AIRP/GSF (Arsenic

Iron Removal Plant IGravel Sand Filter), which had been

developed by DOM in Bangladesh. Many GSFs have been

installed in Bangladesh and India. The arsenic removal

mechanism of GSF is the co-precipitation of iron with

arsenic. The groundwater is almost under reducing condition

in Bangladesh and India, where arsenic exists

with high concentration of iron (FeZ')

The major values of iron 0.01-2.0ppm,

mentioned above, belong to the range of

0.01-OA9ppm and high concentration is only

for 4 samples (1.27. IAl, 1.67, 2.0ppm). This

situati(ID is almost same as those of Multan and

Lahore. It means the direct use of GSF is

impossible, because the concentration ration of

Fe/As should be ]argt.'f than 15 as mentioned

later for arsenic removal by Iron

co-precipitation.

e) The concentrations ofN03-N (Q-3.6ppm),

pol (O-O.2ppm), 804-
2 (l6-249ppm), and NH/

(0-0.6ppm) are in general low compared with those of

Multan and Lahore. Accordingly, the anthropogenic

activities on the ground surface may not influence to arsenic

contamination of groundwater, which was discussed in the

urban areas in Multan and Lahore.

±) The low concentration of Fez
+ was illustrated by

Eh-pH-Iron diagram which shows the chemical form of iron

in the water.

2.5 Comparison of water qualities in the Indus with

the Ganges basins

The comparison is mentioned as follows from Table 2.

a) The iron concentration is very low compared with those

in Bangladesh (and Inner Mongolia).

b) The value ofEh in Ghazi Ghaat is almost same as those

in Samta and one group of Bahraich, whcre GSFs are

working well under the high Fe concentration, satisfying the

criterion of FelAs>15 mentioned later. This is the biggest

difference between the Indus and the Ganges basins.

c) The concentration of NH4-N in Ghazi Ghaat is low

compared with Ganges basins, which may express less

reducing conditions.

d) The concentration of N03-N in the Indus basins,

especially Multan and Lahore, is high compared with

Ganges basins (and Inner Mongolia), which may express

oxidizing g conditions.

3. DEVELOPMENT OF ARSENIC REMOVA
UNIT IN PAKISTAN

3.1 Arsenic removal performance of AIRP/GSF in

Bangladesh

GSF is composed gravel tanks and sand tank as shown in

Fig.2. The sizes ofgravel and sand tanks are about 0.7m3 and

1.4m3 (height of tank=1.0m), respectively. The arsenic

removal mechanism is as follows [Hussainuzzaman, M., et

al., (2006)].

Fig.2 The stmcture ofAIRPIGSF

a) The ferrous iron Fez
+ and arsenite As3

-, which are

dissolved in the groundwater under the reduced condition,
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3.3 Design ofAIRP/GSF by using iron metal bar

lS10

I) The number of iron metal of Im is 88.

2) The assumed value of Fe=4.5ppm during 2 hours by

FigA is enough realized in GSF during pumping time

from morning to evening & evening to next morning, and

morning to noon & noon to evening even if villagers use

GSF in the noon.

3) Arsenic concentration will decrease in the inlet tank

a) Water flows in GSF and water demand in design

In GSF, water velocity in gravel tanks during pumping is

about 2m/h, and the water from gravel tanks infiltrates into

sand tank with velocity ofabout II cmlh.

The followings arc estimated in the design ofGSF at the

villages of Muzaffargar.

I) Watcr demand is 1200Llday (4L1person/day,

5persons lfarnily, 60 families).

2) The water is pumped up mainly in the morning and

evening with 600L for 3 hours, respectively.

As the flow rate in gravel tank is about 1400LIh, water

flow in the design (200LIh) has no problems. In the sand

tank, it takes 4 hours for the volume of 600L, coming from

gravel tank, to intlltrate into sand tank and be stored in the

800L ofsupply tank.

b) Application of laboratory tests to GSF

We decided to put the same iron metal with height of

Im in the inlet tank of GSF. After the analogical analyses

between the test results of FigsA & 5 and the existing GSF,

we got the following results:

Retention time (min)

(5 _ 0.3 %; .
c: ...
o "O:i 0 25

'i E 02
... U t1: 'c 015 ··Y···········'" _ .
V llJ
~ ~ 0,1
o III
U 005

Arsenic

Fe(+2)

Retention time (hour)

FigA Increase offerrous iron in laboratory tcsts

Fig.5 Decrease ofarsenic concentration in laboratory tests

liA5~100-15l!Wb
'DAs:::::.100-2~b ""wm'm~",~~~~~~=='mmm

120

.Ii 100
11

• 80
~tot 60

140 .------,....::::!:J,!/:s;.:U:!...C1-------,

3.2 Laboratory tests of increasing Fe2+ concentration by

using iron metal bar in Pakistan

As the Fe21 concentrations of groundwater at the villages

in Ghazi Ghaat county was very low, we made the following

model tests at laboratory in NTCCO office to increase the

Fe2
+ concentration in the inlet tank ofGSF.

We put one iron metal bar (2cm X O.2cm X 30cm) into a

1.5L bottle filled with tap water of As=O.3ppm in NTCCO

office. The tests were performed by the water research group

ofNTCCO office headed by Yasir Abbas in the collaborative

research with Prof. Hafiz Badaruddin Ahmed of Bahauddin

Zakariya University Multan. FigA shows the increase of

Fe2
" concentration in the bottle water until out range of Fe2

I

meter. The dotted line expresses the needed retention time to

get Fe2
+ concentration of 4.5ppm satisfying Fe/As=15

(phsophate concentrationis is less than 1.Oppm here). The

retention time is estimated 2 hours.

Fig.5 shows the decrease of arsenic concentration in bottle

water, which may be caused by iron co-precipitation with

arsenic. The initial arsenic concentration of 0.3ppm in the

bottle decreased to 0.05ppm after 7-8 hours.

ZP".h~0~:::;';
l)1....----~--~-~-~------I

o 0.5 t Ui 2 !ofl :I
PhuIlllhaW cUlu:enfnttiun (mtdL.)

Fig.3 Arsenic rcmoval pClfonnanccs of AIRPlGSF m

Bangladesh

are to be oxidized to the ferric iron Fe3t and arsenic AsSt in

the inlet through aeration. Fe3
! precipitates in the form of Fe

(OH)3 with arsenic in the gravel tanks.

b) The co-precipitated material of Fe3
+ and AssT is to be

accumulated in the gravel voids of the gravel tanks.

c) The co-precipitated material (arsenic sludge) in the

gravel voids is removed from the gravel tanks by periodical

drainage.

Arsenic is removed with iron as mentioned above, and

phosphate is competition to arsenic for iron co-precipitation.

We made, therefore, such criterion as Fe/As>15 for

0<P<1.0ppm and Fe/As>30 for 1.0<P<3.Oppm. The

performance of arsenic removal in Bangladesh is almost

gO-98% shown in Fig.3
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from Fig.5, though arsenic is to be co-precipitated with

iron at the gravel voids in gravel tanks. In the villages of

Muzaffargar, this may play an effective role, because that

the GSF is to be installed with tube wells ofAs==200ppb. It

means about 3-4 hours needed for decrease of arsenic

concentration until 50ppb as shown in the dotted line of

Fig.5. The decrease of arsenic concentration may happen

in enough at the inlet tank of GSF.

4. CONCLUSION

Punjab region is semi-arid climate and has the world'

largest canal network for irrigation. The situation of

groundwater in aquifer is, therefore, complicate through the

evaporation of groundwater and the recharge of groundwater

by leakage from canals and return from irrigation water.

The elevation of salts in the groundwater by evaporation

may raise the arsenic concentration. The recharging water,

which has raised water levels and created shallow aquifer

body, may cause to increase the level of oxidizing in the

groundwater.

Also, in the Punjab region, the arsenic contamination

seems to be caused by anthropogenic pollutants on the

ground surface, such as fertilizers in agriculture and wastes

from industry & household.

These phenomena are likely to happen in the shallow

aquifer and the older deep aquifer has different composition

of groundwater. Both of groundwater may be mixed in

partially through installation of deep tube well, because that

the stratum in Punjab region is composed of fine to coarse

sand with little intercalated silt or clay.

Pakistan is developing country with low public safety.

There seems not to be installed arsenic-safe water units at

community levels. The tap water in the NICCO office

showed OJppm of arsenic concentration, which is drunk

through a usual domestic filter.

Pakistan people are asking the assists from foreign

countries to get safe water. Although the arsenic problems

are so complicate in Pakistan, we should try to mitigate

arsenic contamination for them, who have lived in the

double danger, the low public peace and no safe water.

In the research, good results were obtained, through

which the arsenic removal unit, GSF is now under

construction.
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APPENDIX

Appendix V'later quality of tube I......ell in Ghazl Ghaat, Muzaffan\8t·. Pakistan (well depth=80m)
Zt, As As "03-,, l\"H4-N c~ Cl f fe2+ I\Ig P04-P K S04 ORP

COdE pH TDS TOC imgiI.) (mg.'1)
{JlgiL)

20ll 2!lP
(mg,'L) (mgi1) (mgiL) (mgi1.) imglL) (mg/L) (mgiL) (IDgiL) img/L) (wg/L) (uN)

72 a2i> 29 192 n.os 0.01 C,;) UR 33 f2 UR 003 10.$ o.OS lIlA as -tkl

z 7.8 852 34 180 0.05 0.05 UR UR il3 31 (),52 WJE 3La 005 143 70 ..13S
:] 63 573 29 323 0..05 0 31 0,04 66 38 UR OJl4 2ll 004 2L8 82 -59
4 65 44S 2! 24 0,1 0.1.)5 UR OR 48 21 OR OJ)2 24j 005 137 95 'Btl
5 6.4 585 30 UR 115 OA- 0.7 UR 74 ! ) (HI 0,07 5U OW I l.ti 85 -96

It 6.3 531 30 9!l (to5 0.2 14 009 34 8 UR n,M 30.6 D,lIS 101 7J -lUll
1 6,9 ~li3 ~lO (jJ (105 0.1)5 UR UR 12 e O,M 0,09 14.3 (1(15 9 43 -111
S 0,5 417 30 84 0.05 0.05 0.8 UR 48 6 OR 0.13 23.4 007 10J 47 -1115

fJ 6.5 400 28 ~6{) 0.1 0,1 UR VR =57 ~f UR 0,05 2Ll 007 92 3() 135
10 6.5 401 29 13$ 005 IJ UR om 61 UR 0,,04 20,3 007 101 3D -i55
I! lt5 432 31 9l! 0,1 OJ)j UR IJR 58 (1 OR om 22.1 0,03 9.8 49 -liS
12 6,3 615 23 108 0,1 01 0.4 0.16 101 36 UR 1 41 3fL5 0.07 129 153 -140

U 6.5 435 29 61 (U 0.05 UR 0,28 71 fl 0,13 0,11 26 0,04 11.2 68 '''1 n;
14 (U) 352 30 44 0.1 n,l G.J UR 25 12 OR (U 312 0,09 10.4 55 -121

~5 oJ 542 31 5: 0,3 n,) 114 UR 38 n UR 0.12 415 0,12 11.4 s.s .. 13

!Ii J 453 2il 2~t 005 0,05 UR UR D 22 GJ D.US 22.4 U,lO ltD az -t25

17 7.6 f>1O 32 41 0,05 0.05 UR OJ.l2 47 23 0.00 eW6 19B 0.05 12.1 7R -105

IS iii 643 J4 671 0,05 0.05 UR OR 33 28 (UI [Ji5 !9,:1 0.03 to,1 82 '''16l
Hl n S3t 3::1 S2j 005 005 11 uR 70 41 UR 02 40.1 0.10 122 ]() ,,1,12

20 7,6 797 30 &25 1105 005 0.6 UR 54 53 OR (l,2 2;>,4- 006 20.9 t71J ·.. 145
21 8" 660 3f) OR G,1 01 1.3 01 OR UR om 46 118 34 7ij -10.'
22 1.6 1364 31 31H 0,05 IJ 04 0.04 30 142 c,:; OAS 14,5 0.G3 78 245 ,,133

23 Hl 124 33 834 0,05 02 UR UR 58 (\ OR 023 27.2 01; 94 55· -1211
24 6.8 270 29 3il 0.05 0.1 1.2 UR 31 !1 0.19 01 H,t 0.05 59 ,\'i) -145

25 617 420 23 31 0.05 a,os 06 UR 57 41 O.Oll [J05 IDA 006 8.8 76 -Hl9
26 JA 309 28 OR O,OS 005 0,4 UR 47 23 UR 001l 1904 om 1.9 63 -154

21 1.1 NO 28 OR 0.05 0,05 0.5 002 27 I'; 0,i4 0.08 !SA O,Oll 6.5 56 ",,)1

28 69 211 211 32 0.05 0,05 UR 0.02 15 llR 0,00 O.OIl 12,1 OOS 5.6 23 .. 99

2!l J 207 29 OR 0.05 0.025 UR IJR 25 UP 0.15 0.07 145 ODS S.il 25 .. 85
30 7 235 28 42tl 005 OJ 2 UR ill UP 0.00 OJl\J 1L7 002 504 35 -91
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Appendix. (contlnuod)
Zn

.U As
N03-N l\rI4-N Ca C! F F~1+ l\lg P04-P K .504 0Rl'

C<)d~ pH IDS It
(l·g!L)

(mg/L) {mg.T.)
(rog/L) (mg/L) (mg.'L) (mg/Ll (mg/L) (wglLf (mg:L) (mg/L) (lngiL) (mg>L) (mV)

'1H I '01'
31 1 210 28 OR 005 0.025 04 OR 19 UR UR ODS n.$ OOS 6.0 32 -93

32 IU; 3411 29 35 ODS OJ)S VI< OJ)£ 23 UFt UR OJIS 149 O.OS :6.j 33 '"130
33 64 750 30 95 0.1 tl05 UR 0.02 ,....~ \I l133 006 In 0.04 1f1.3 Cl4 -124L"

34 6.6 340 28 31 005 01 VI< O.Hl 89 81 UR 0.08 487 0.01 16.8 Hit '"11a
36 6.8 340 29 30 01 0.01 VR UR 34 B UR OJ}7 i2.1 0.04 11:) :)9 -137
36 6.8 339 29 7(J 0.05 1).01 0.6 OR 21 3 UR 0.03 I:U 0.10 1.8 67 -94
31 6.8 340 29 83 DOS 0 VI< OO! 30 9 0.15 (lOli 12.4 0.10 fLo 31 68
38 ilS 340 29 OR 0.1 0 UR UR 32 20 013 OO) IU 004 1.5 51 -07
39 B 626 28 OR 0.1 0,2 UR UP 4B ail UP 0.14 25.3 a.os loa 30 "'155
40 8.2 332 29 :18 0.1 (:t05 UR 002 24 UR Olf> OJ)4 16.1 0.06 S.J 19 -110

41 '1'<" 931 31 4{) 0.1 0.025 0.5 001 16 168 UR OOS 269 [un 116 132 '144L~

42 f1 634 29 617 01 0025 13 lJR 6J 70 UP 0.04 24.1 0.05 10.1 71 -97
43 7.8 1037 32 35 0.1 01 UR O.oJ 43 79 0.33 OJ)3 17,4 1105 1\15 169 -144

44 1.7 656 SO llll O.OS 0.05 VI< (l05 55 40 UP OJli 31,S 0.05 12.9 M ·-L3f

45 1.6 850 30 62 0.05 OJ15 0.5 0.04 59 94 VR: 0.1 ) 4L9 0.07 127 133 -144

46 7.3 835 32 36 0.05 0.1 0.3 0.05 67 1:34 UR 0.06 31.5 (W6 91) 138 ·.,37
47 ttl 604 35 32 OilS 0 06 0.07 53 70 0.17 0.1 17.1 o.(n 35 63 -04
48 }.7 604 35 37 01 001 VR 0.05 106 142 UP (WS Z2Ji (W3 131 150 -13<J
4'3 l.l 4~i4 36 66 0.05 0 0.4 UR 43 80 G24 0.04 11 011& 6.8 47 10
50 r8 914 31 46 0.05 02 IH\ UR 91 40 UR 0.19 36,;) 0.09 '11.7 131 -14f

51 1A 968 29 39 OJ 0.2 05 ().04 65 36 liP 0.22 292 O.'j ~ 137 lOS ··:35
52 6 ) 660 34! 375 0.1 n025 ll.1 0.03 23 04 UR 006 20.6 0.03 10.3 43 -133
53 6.6 510 293 124 0 0.3 012 57 40 L1R OJl4 165 OQ3 124 149 45
~,4 6.8 4~H 30.1 134 0,1 UR GOZ 60 00 UR 0.06 1M 0.05 116 00 -111

55 6.7 6ZB 30,6 UR 0025 UR UR 65 60 0,22 0,33 16.5 lun 1O.S 98 -119
56 liB 543 21lt 119 GOl U 0.12 S8 16 UR 004 !4.1 O.OS 9.04 105 .' :07
51 1l.6 551 30.6 151 0 0.9 UR 56 92 UP 0.14 18.S fHlf. 115 144 -131
58 6.6 782 so.'! M 001 0.5 UR t):3 99 L1R 0.0£ 22.7 0.03 14.$ 222 "78
5B 6.6 7tl0 283 (tiS 0.025 16 0.03 tJ 6& UR o.oB 226 !hi:! 12A 214 -85
!l() 6.7 530 ,30.9 107 0.05 UR 024 61 52 UP 0.05 144 ()(l5 139 151 ·125
I); 6.7 7lltl 306 OR 0 lIR 005 114 1tl UR 0.06 32.,5 004 12.1 249 -rs
ez J.C) 92.0 "'0 OR 005 2.2 021 117 59 UR >20 :13,$ 005 i19 189 -144

1\3 H f049 2:9 695 0.025 UR 061 24 83 UP un 35.7 0:0H 12.6 212 ··,36
M Ie 571 30 H,S 0.1 1.0 003 57 14 0.10 OJ4 20 0.04 10.1 78 -143
65 7.6 51!:.! 30 316 0.05 05 UR 6~j 12 0511 (lU& 22 0.05 94 63 ·,40
66 15 707 31 62 0 0.9 001 70 28 Uk OJ19 21.5 002 9.8 81 -'31
67 ?5 Glt9 31 88 0 Uk 0.03 96 24 UR 0.11 29,7 005 102 68 .; 10

68 Ie ~rt6 31 34 0.1 UP OW 28 UR t131 OOS 12 006 6B 30 .. t50

59 1.1 541 29 7'/. 0,05 1.2 0.05 16 tl.l 0.09 01 13.9 0.03 U 61 .!~>t}

70 H 406 32 65 (105 1::, 0.06 2" 24 0.1tl 014 10tl 004 8.7 16 ··;40

!! 7.6 735 31 172 fW5 0.5 UP 62 40 OZ:J 02 13 cWo IS 127 "i55
n 7.5 613 3~ UP (l UR UR 4" 20 (Ill 1.:27 31.& 003 10.v 79 l34"
13 1.5 930 32 25 (I 0.5 UR 11 7S UR om 353 0.Q2 t4_o r77 ··H4
14 1.& 1046 30 59 0 UR 0.02 123 85 UR 0.25 36.1 002 1;.1 2lJJ 9&
!5 7.5 1023 81 77 001 UR 004 62 lO5 UR: 019 13.9 O.Oj 16 1 199 -\1\0
76 IS 100!! J2 2&2 001 UR a08 5& 22 caYI Q.04 25Jl O[ll 181 122 ··132
"17 '1.5 a08 31 OR 0 III LfR 60 n; 01S 0.05 :31.6 0.03 ~qO 165 -97

18 7.7 SW 31 OR 0 0.3 UR 74 61 lIR 0.32 na 0.03 13£ 157 ':.23

79 J.6 81() 3J 569 001 OOS O()j SS 4S IHll 0.05 S1.4 l){lS 156 65 '-141

SO 7.3 1223 31 OR ilOb 3.6 0,37 13? 116 OH; 0,03 494 o,oa 14.& 21S -122
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