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GROUNDWATER CHEMICAL STATUS - PROBLEMS OF IDENTIFICATION AND DEFINITON

Groundwater quality depends upon natural and technogenous factors. Most important natural factors are physic-geographical ones (e.g. climate) and geological-hydrogeological ones (e.g. presence of saltwater nearby or beneath freshwater). The main technogenous factors are groundwater abstraction and pollution. Combination of natural and technogenous factors governs groundwater chemical status.

Directive 2000/60/EC defines two parameters for groundwater quality status identification and determination: conductivity and concentration of pollutants. In the Annex V of the Directive, paragraph 2.3.2 a definition of good groundwater chemical status is given. Considering conductivity it is said that groundwater chemical status is good if “Changes in conductivity are not indicative of saline or other intrusion into the groundwater body”.

But very often groundwater body contains fresh and saltwater. Hydrogeologists know, that saline water intrusion is possible when: saltwater is present in pumped aquifer itself, not far from the pumping center; 2) saltwater underlies fresh water or occupies neighboring aquifer poorly isolated from pumped aquifer; 3) sea water intrusion is possible.

All those intrusions changes pumped water conductivity and are fairly common in the countries of intensive groundwater use. Lithuania is no exception. But the Directive did not indicate what intensity of change of the conductivity should be considered as not corresponding “good status”. In the mentioned paragraph 2.3.2 it is only said that those changes “are not indicative”. The question is - when they are indicative?

I would like to give 3 examples of saltwater intrusion, most typical for Lithuania, and, I suppose, for neighboring countries as well.

First case - sea water intrusion into deep P2 aquifer - the main aquifer, used for drinking water supply in West Lithuania, especially on the Baltic seashore. The aquifer lies at more than 200 m depth and is properly isolated from above by Triassic clays but it outcrops in the sea not very far from the shore.. Pumping of fresh groundwater during sever decades of years a small scale sea water intrusion: along the shore, in continental part of Lithuania in P2 aquifer content of Cl increased from 5 - 10 up to 50 mg/l. Sea origin of the Cl show the fact that only Cl, but not SO42- concentration has increased there, meanwhile in even deeper aquifers saltwater in West Lithuania is of Ca- SO42- type. Because fresh water resources of P2 aquifer are fairly high there, sea-water intrusion is not dangerous. Because the changes in the conductivity of water mixture are negligible, can Cl be used as an indicator of the sea-water intrusion? And how it should be mapped - in “green” (Good status) or red (Poor status)?

Second case - saline water intrusion at Klaipeda wellfields No 1 and 2 developing the same P2 aquifer. But in this case saltwater enters the wellfields from the saltwater zone, present in pumped aquifer. The wellfields almost 100 year are in operation. During this period saltwater front moved 2 - 3 km Northward and have occupied a party of the territory of wellfield No 2. Besides, saltwater intrusion is followed by intensive reduction of SO42- and production of H2S and those processes now are especially active at wellfield No 1 where salt and fresh water most actively mixes. 

Detailed studies of groundwater quality show that the processes of sulphate reduction are cyclic and its duration is about 1 year (Table 1). 

Table 1. Phases of the cycle of sulphates reduction at wellfield No1 in Klaipeda

	Phase of cycle
	SO42-,
	H2S*,
	CODMn,
	CODCr,
	NH4+,
	Feb,

	
	mg/l
	mg/l
	mg/lO2
	mg/lO2
	mg/l
	mg/l

	Initial
	46,4
	1,3
	3,12
	3,6
	1,21
	0

	Middle
	29,8
	2,56
	5,12
	11,2
	1,26
	0,11

	Maximum
	8,1
	3,65 
	2,24
	10
	2,72
	0,1

	
	(0)**
	(12,03)**
	
	
	
	


* -  other sulphides also; ** -  minimum and maximum concentrations in separate wells

As the Table 1 shows, at the start of the cycle water is rich in sulphates, but poor in sulphides. In the middle of the cycle concentrations of sulphates are lower and sulphides - higher. It is interesting that the concentrations of organic matter used in redox reactions seems not to be depleted. On the contrary, increase in CODMn, CODCr and ammonia probably show a metabolic activity of sulphate reducing microbes. Finally, at the end of the cycle concentrations of sulphates are depleted almost to zero, concentrations of sulphides are at maximum. Later the cycle slowly returns into the initial phase, gradually increasing concentration of sulphates and lowering concentrations of sulphides in the water.

Because intruded saline water is of Ca- SO42- type, changes in groundwater conductivity at the wellfields are small, but deterioration of groundwater quality due to the reduction of SO42- and production of H2S is rather serious. Should this case be considered as intrusion and mapped in “red”?

Similar, third case with saline water intrusion we have at Siauliai wellfields,  where brackish water is also of Ca- SO42- type. Three wellfields of Siauliai are developing D3st aquifer (dolomites) which is 170 - 180 m deep. Underlying Devonian layers contain gypsum therefore groundwater pumping is followed by considerable increase in SO42- concentration which is especially significant at wellfield Bubiai. During more than 30 years of operation an average concentration of SO42- in pumped water has reached 350 mg/l. But SO42- is not an indicator of saline water intrusion and conductivity is not significantly increased here. How to map a chemical status of groundwater in this case? What is an area of saline water intrusion?

Next parameter for the determination of groundwater chemical status is concentration of pollutants. In the Annex VIII of the Directive an indicative list of the main pollutants is given where organic substances (toxic, in general) dominates. This list seems to be prepared only for surface water chemical status determination because most of those pollutants did not enter deep fresh groundwater aquifers and even shallow ones because they are rapidly destructed and used in redox processes as electron donors. Hydrogeological experience show that even nitrates are absent in lower part of water table aquifers and nobody have found them in deeper, confined aquifers. Also concentrations of metals and their compounds in groundwater are usually negligible (exception - Fe, Mn). Meanwhile it is known that pollution of groundwater by organic pollutants  first of all is followed by depletion in oxygen content, later on NO3- are transformed into NH4+, Fe3+ - into Fe2+, SO42- - into various sulfides, CO2 -  into CH4. Moreover, due to the  high activity of redox microorganisms a secondary pollution of groundwater by organic substances can be observed. 

Several examples from Lithuania also can be given:

1) Accumulation of organic matter (OM) in semi-confined intermorainic aquifers in groundwater recharge area - distinct trends of CODMn are observed there. OM can be of secondary origin (e.g. metabolic products). Less obvious are NH4+ trends because two ways of NO3- reduction - source of NH4+  - exists: NO3- can be reduced into NH4+  or into N-gas.

2) Increase in Fe2+ concentration in semi-confined in P2 aquifer in North-West Lithuania, where this aquifer is not properly isolated from land surface and is recharged by polluted shallow groundwater. OM concentrations in P2 aquifer are also increased. Similar changes of groundwater quality takes place almost in all recharge areas of semi-confined aquifers.

3) But often the only trace of groundwater pollution by OM is increase in groundwater alkalinity (HCO3- content), because the final products of OM destruction are CO2 and H2O. CO2 is buffered by rock/soil carbonates and, as a result, HCO3- concentration in groundwater increases (Table 2).

Table 2. Typical parameters of chemical status of shallow groundwater, polluted by OM

	Case study
	CODMn,
	CODMn,
	HCO3-,
	CO3-,
	NH4+,

	
	mg/lO2
	mg/lO2
	mg/l
	mg/l
	mg/l

	Sludge depository, Rokiskis 
	13,6
	48,6
	1 899
	0,333
	70,3

	Manure depository, Rokai 
	22
	81
	940
	n.d.
	12

	Oil storage plant, Vilnius 
	55,68
	n.d.*
	1 220
	n.d.
	6

	Territory of N-fertilizers producing plant, Jonava
	37,1
	n.d.
	1747
	n.d.
	700


* n.d. - no data

We are of the opinion that in such cases, those redox products (for example, NH4+), should be considered as indicators of groundwater pollution (secondary pollutants) and should be used for groundwater chemical status assessment, identification of trends and mapping.

Directive recommends to use groundwater monitoring data for the assessment of the groundwater chemical status of the groundwater bodies and identification of trends in pollutants. It is obvious that we will never have sufficient monitoring points and data for this purpose. Also, a long term, many year observations are necessary for receiving trends. We think that for this purpose all the available data on groundwater chemistry should be used. Our experience shows that if the trend exists and is distinct, it can be revealed even from “bad” data, and on the contrary - if the trend is weak even careful, precise  monitoring did not help. For example, we have plenty of data about the anomalies of groundwater chemical status, which are stable in time and space. Therefore it seems to us that the data from various times and from sampling of various wells can also be used for definition of groundwater chemical status and for identification of trends. We can not wait for years when we shall have sufficient data from groundwater monitoring organized according to the regulations of the Directive.

