NORPLAN Course 2.1. Hydrochemical data interpretation.

Lecture 8

y: David Banks, Hydrogeologist and thermogeologist

o) Electrical conductivity of groundwater
Faryab and adjacent areas
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Lecture 8

hd stable isotopes provi
of evapoconcentration

40

45

Maimana
rainfall @
50

Evaporation

-70

75

-80

—+— Shirin Tagab River
%~ Maimarna River
© Andkhoi groundwater
@ Bilchiragh groundwater
© Gurziwan groundwater
© Khani Chahar Bagh
groundwater
4 Kohistan groundwater
4 Qaramqol groundwater
© Qaysar groundwater
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...and this is confirmed by maps
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Arsenic (As)

Arsenic
EC1998 Directive: < 10 g/l
WHO (2011): Provisional guideline < 10 pg/L

25-percentilein Faryab = 046 g/l (N=132)
50-percentilein Faryab = 070 pg/L  (N=132)
90-percentilein Faryab = 131 pg/l  (N=132)

Only a single sample from Faryab exceeded
the WHO (20m) guideline of 10 pg/L,
from Khani Chahar Bagh district. The
next highest concentration is a single
sample at 5.1 pg/L in Qurgan district.

There is a slight tendency to increasing
concentrations of arsenic in
groundwater to the north.
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NORPLAN Course 2.1. Hydrochemical data interpretation.

Lecture 8

'WHO (2011): Guideline <
25-percentilein Faryab =

50-percentilein Faryab =

90-percentilein Faryab

007 pg/l  (N=132)

010 g/l (N-132)

/L

0.25 (N=132)

The antimony concentrations in the 132 groundwater samples from Faryab do not
approach concentrations warranting health concern. The maximum recorded was
0.52 pg/L from a dug well in Andkhoi region. There is a weak tendency to
increasing concentrations towards the north.

!

district.

25-percentilein Farya
50-percentilein Faryab

90-percentile in Faryab =

(N=132)

859 g/l

2474 g/l (N=132)

(N=132)

© 14 of the 132 groundwaters sampled in Faryab exceed the recommended WHO
(2011) Guideline value of 2400 pg/L, which is set from a human health perspective.
The highest concentration of 7760 pg/L was from a groundwater from Andkhoi

* Boron can be toxic to some plant species in smaller concentrations, making high-
boron water unsuitable for irrigation of some species. For example, water
containing more than 300 pg/L can be phytotoxic to sensitive plants such as
avocado, bean or apple (Nable et al. 1997).
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'WHO (2011): Guideline
25-percentilein Faryab

14 (N=132)
(N=132)
(N=132)

50-percentile in Faryab

Barium (Ba)

90-percentilein Faryab

There is a clear trend to decreasing concentrations of barium in groundwater to the
north. It is believed that this is related to suppression of barium solubility by
barite (BaSO,) saturation. The highest recorded barium concentration in Faryab is
218 pg/L, in a dug well in Kohistan.

o P o - o P - s £
5 = = by ® = ® ® & =
Barium pglL -
200
B
2 $
15
2 10 #
3 b H
50 +
. e P
K g 8 £ g z 3 H
< S 5 <] g

onal guideline <50 pg/L .
e 049 pg/L (N=132)

g/l (N=132)
90-percentilein Faryab = 109 pg/l  (N=132)

1.52

(Cr)

* The highest recorded chromium concentration in Faryab is 37 pg/L, from a dug well in
Bilchiragh, below the WHO provisional health-based Guideline level of 50 pg/L.

* There is no clear geographical trend in the chromium concentrations, both Bilchiragh and
Khani Chahar Bagh districts exhibit median chromium concentrations well above most
other districts.

: §

Chmmis QgL — i

» F
o i

June 2014



NORPLAN Course 2.1. Hydrochemical data interpretation.
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Fluoride (F)

Fluoride
EC 1998 Directive: < 1.5 mg/L
'WHO (2011): Guideline < 1.5 mg/L

Qaramqol

Dowlatabad

25-percentilein Faryab = 03 mg/L (N=127 samples above dI)
50-percentilein Faryab = 0.56 mg/L (N=127 samples above dl)
90-percentilein Faryab - 113 mg/L (N=127 samples above dI) Shirn Tagab

¢ In Faryab, the range of fluoride
concentrations in groundwater is largely
within an optimum window.

* Only six of the 132 samples exceed the
‘WHO Guideline concentration of 1.5
mg/L, with the highest value of 2.3
mg/L occurring in a dug well in Qurgan
district.
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* When potassium is plotted against nitrate, it is found that the highest potassium

is simply a reflection of mutual evapoconcentrative effects or whether it is due to a

concentrations tend to coincide with the highest nitrate concentrations. It is unclear if this

common derivation in infiltrating sewage effluent (for example) - or, quite possibly, both.
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Nitrate

EC 1998 Directive: <50 mg/L (as NO,)

WHO (2011): Guideline value <50 mg/L (as NO;)
25-percentilein Faryab = 9.0

mg/L  (N=132)
50-percentilein Faryab = 138 mg/L  (N=132)

90-percentilein Faryab = 62mg/L (N=132)

* 20 of the 132 (15%) Faryab groundwater
samples exhibited nitrate
concentrations exceeding 50 mg/L. The
highest value was an enormous 1147
mg/L from a dug well in Andkhoi,
although a worrying g out of 132
samples exhibited nitrate
concentrations in excess of 100 mg/L.

¢ The samples exceeding the WHO (2011)
guideline value almost all came from
the four northern districts around
Andkhoi.
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Bilchiragh.

© The highest individual value of 98 pg/L was, however, from a spring in Gurziwan district.

(Se)

¢ Of the 132 Faryab groundwater samples, four samples (3%) exceed the WHO (2011)
provisional guideline of 4opg/L, while 30 samples (23%) exceed the EC limit of 10 pg/L.
The highest concentrations are typically from the four northern districts and also from
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one with sodium concentration.

Faryab samples typically contain 5-10 mg/L Si. Concentrations significantly in excess of 10 mg/L
only occur in a few locations in the northern districts, especially in Qurgan and Khani Chahar

There is a weak correlation between silicon concentration and temperature and a slightly stronger
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6.2 pg/L (N=132)
-percentile in Faryab 41 pg/L (N=132)

© In Faryab, 26 of 132 samples (20%) exceed the WHO (2011) provisional guideline value of 30

ug/L, exclusively in the northern districts. The highest recorded uranium concentration
was 62 pug/L from dug wells in Qurgan and Andkhoi.
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Much of the hydrochemistry of Faryab is driven by evapoconcentrative
processes (and possibly, dissolution of evaporite minerals)....

A correlation coefficient of +1 indicates a perfect positive correlation
A correlation coefficient of o indicates no correlation
A correlation coefficient of -1 indicates a perfect negative correlation

1T e
A==
0.9
08
07
06
05
0.4
03
0.2
0.1

Correlation coefficient (r)

bbb b s

EC Mg Na C SO4 Br L U Ca B S Ro 180 HO3 K Y Sb F NO3 2H Se As Ba
Parameter

June 2014



