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AGRICULTURAL USE AND WATER QUALITY AT KARSTIC
CUBAN WESTERN PLAIN

Juan Reyperio Fagundo Castillo, Pairicia Gongiler Hernandes

ABSTRACT

I the paper some resulls of siudices on the karstic aquifers of the western plain of Cuba ane
presented and discussed. The intensive exploitation of these agquifers for agricullure use and
drinking water supply induces an increase ol marine water intrusion, waler salinisation and
progressive increase of chemical corrosion with o greater disselution of carbonaes. During the
period of study (9832 1998) 5 wend in the deterioration of water guality was observed by
means of a chronological serics of hvdrochloride content.
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1. Introduction

Carbonate aquifers are dynamic geochemical systems in which rock - water inte-
ractions occur confinuously (Hanshaw and Back, 1980} The belt formed i the
mixing of freshand sea water is the chemically most active part of the system,

The intrusion in the fresh karst water of salt water from the sea causes 1 mixing
process of the two waters, which differ in their chemical and physical behaviour,
Among the more significant changes which occur when two waters of different natu-
re are mixed, there are the following: incongruent dissolution of mineral cansed by
comman jon effect, precipitation of ferric minerals caused by the formation of more
oxidizing mixwre, increase or decrease of the solubility caused by changes in pH,
increase of carbonate solubility cansed by saline or jonic strength effect, increase of
chemical dissolution of carbonates caused by mixing corrosion effect, dolomitization
ar de-dolomitization and 1on exchange processes.

The Kinetics and geochemical aspects of the coastal fresh-salt water systems in
the particular case of the karstic aquifers at differemt regions under different elimatic
conditions were studied: Florida and Yucatan ( Back and Hanshaw, 1981; Back et al.,
1986; Plummer, 1973y Apulia, Daly (Cotecchia; 1979) Mallorea und Menorea,
Spain (Herman, Back and Pomar, 1986), Western Cuba (Arellano et al., 1989,
Fagundo et al, 1993: 1996, 1998 Morell er al., 1997 and Gonedlez @t al., 1996;
998,

In all the above mentioned cases human impact affects both hvdro-dynamica]
processes and caleite dissolution-precipitation processes.

Although apparently slow. these undesirable changes in processes on the karst
coastal uquifers have irreversible effects on the water quality used for the plant irri-
ezation and drinking water supply.
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The aim af this paper is 0 show the rapid changes of water guality and of che-
micul corrosion processes in the Karstic coastal aquifers of western Cubi, caused by
hurman impact,

e

. Geochemichal process in coastal karsic aquilers

200 Carbomate dissedution-procipifalion process
A detailed explanation of the conditions of saturation, subsaturation and oversa-

turation with reference 1w dissolved caleite, and the basis of the changes in the equi-

librium of dissolution-precipitation of carbonates were given by Custodio {1986 s

a Tunction of the following effects:

ab common ion effect: Ca® contributions 1o the carbonute dissolunon allow a
medivm, previously saturated with caleite or dolomite. (o esceed s solubility
prowduct. thus giving rse 1o carbonate deposits,

b lonie change etfect: the Ca” and Mg® concentrutions afTected by clay exchunges
originate Na® and other elements. This effect can be appreciated only in slow Tow
conchitions.

¢l lonie strength or saling effect: an merease of the jonie strength (pd due the mine-

ralization merease cause a decrease of the caleivm ion activity cocfticient () and

an increwse of carbonute solubiliny

Ke =vyeMeatcotcor
Kd = Yoalea TMeiMe (feo oy

i Temperature changes: temperature aitects the dissolution-precipitaion equili-
Brinm consims and acnvines,
el Misture of woters with ditferent composition: the misiire of two sararated waters
with respect 1o calenie. both with o different chemical composinon. produces &
winler that can be subsaturated or oversaturated,
The dissolution and precipianon of calone and delomite can be summarzed in
the following equilibrivm:
COs + HiO + CuCOy = Ca™* + 2 HCOy
200+ 2 HyD) + CaMgiC O - = Co™* + Mg™ + 4 HCOY
The dolemitization can be a commaon process in a coastal Karstic aguiter by the
higher Mg=" contents of the seawater. This process can be written s follows:

2 CaCO, + Me* = CaMe(CO,), + Ca™
2.2, Redax process

in o karstic aquifer may react with any redoced substance in the aguifer sediment,
such as organic matter or Fe™™ bearing minerals like pirite. For the oxidation of orga-



AGRICULTURAL USE AND WATER QUALITY AT KEARSTIC CLIBAN WESTERN PLAIN 177

nic matter can be writlen:
CH.,0 + 0, =CO, + H.0

The above process increases the dissolution of calcite in nutwral condition of the
aguifer. By human impact (organic waste disposal) this effect is much more empha-
sised,

Another interesting redox process i coastal karstic aquiters is the sulphate reduc-
Licr. Sulphate from the sea can be redoced by organic matter by means ol biogeo-
chemical process catalysed by anaerobic bacteria of the genus Desuffovilrio {Bitlon,
1994} aceording to the overall reaction:

2 CH,0 + 50,7 = 2 HCO: + H.§

Where; CH.0 represents the organic matter, The H,8 produced can react with the
Fe** -oxides in the sediment and form iron sulphate minerals (Appelo and Postma,
993, This type of geochemical process is very common at the southern karstic plain
of the western of Cuba where lagoons and swamps exist along the coastal line
(Gongdler el. al.. 1998).

2.3, Adsorption and fon exchange

Although this process is more common in alluvial aguifers, adsorption and ion
exchange occours also in karstic aquifers (Custodio, 1986: Pulido-Bosch et al,
1993, The reaction can be expressed as;

R,Ca +2 Na' = Ca™ + 2 NaR

- - i ' . ) -

Fresh water in coastal terrain is dominated by the Ca™" and HCO, ions. as a result
of dissolution of calcite, while in sea water. Na' and CI” are the dominant ions.
Sediments in contact with sea water often adsorb Na™ for large part (inverse exchan-
geh

3. Geographical, geological and hydrogeological ramework

Western karstic plain (Fig. 1) is an example of the more widespread morphologi-
cal landscape throughout the territory. It is developed on Paleocene - Pliocene car-
bonate terrigenous and transgressive limestone packages. On such sequences thene is
4 Pliocene - Quaternary developed karst, with grear capacity and high transmissivity
aquifers. with open seaward discharge.

According the karstification degree of the limestone, the transmissivity of the
agquifers change from 5000 md 1o 50,000 m'd w. The storage coefficients change
from .03 1 0.2, Such high transmission capacity is due 1o the high primary porosity
of the rocks, the increasing of the fraciuring and the intense karsufication, specially
in terms of the accelerated corrosion as a consequence of the mixing of fresh and sea
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waters in the coastal belt. In such aguifers the marine intrusion usoally reaches long
distance inland.

According to Nunez Jiménez { 1984) there are five plain karstic type in Cuba: 1)
naked karst, 23 karst covered by soils, 33 linoral karst in marine terraces. 43 thick flu-
vial and lateritic sediments and 3) coastal swamp karst (Fig. ),

The wells chosen for this study were: Loper Peiia (L-1) and Los Palacios (P-1),
il the southern plain of Pinar del Bio Province: P1538 and PI65 (Sowh Basin of
Huvana Province), and P224, P225 and P226, ot the Varadero-Cardenas hydrogeolo-
cic sector (Matanzas Provinee), all located at the western portion of the Cuban kar-
anie plain.

4. Increase of the groundwater salinity in function of agriculture and population
water supply demand

The groundwiter extraction for agriculwral purpose in some regions of the Cuban
karstic plain is of the order of 3.5 m'%, while for population supply is of 3.2 m¥/s
tliménee et al., 1997,

Table | shows the exploitation in the period 1983 - 1995 ar the Havana Souwth
basin. This territory reach the maximum values of exploitation in 1984 (1588 hm")
and 1991 {202.5 hm'). The vearly mean precipitation is of 1375 mm, but in the period
[953-19949 the value has been lower.
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Year P recipitation Exploitation | Year | Precipitation | Exploitation
| (i} Hm') ‘ (i) (Hm'}
| 1983 1961 1518 1991 | 1614 2025
195 3 155 5 L9492 1465 [4n 7
| 1985 1139 1832 1993 1513 1299
st | [ 266 1924 | 4 1270 | 173
L aes? [ L1689 | 1995 142 |
1988 1195 140.1 1996 1241 106.2
1989 1562 1997 | Me6 | 1078
1990 1269 164.] 1998 | 1064 _ |

Yable 1 - Previpitation () e exploivarion (') ar e PROS well [Havana Somed basin ),

As o result of combined effect of the rain deficit and the increasing of water
exploitation, the NaCl contents increased in the groundwater (Fig. 23

Similar overexploitation with poor precipitation was produced in other places of
the plain {Pinar del Rio, La Habana and Matanzas),
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fig. 2 - Temporal varialion of precipitation, exploiation and hvdrociloride contenes ar PGS
well (Herveaa Sontly bayin ),

5. Chemical corrosion in the aquifer by mixing fresh and saline waters

Mixing two waters with different CO» and ionic contents will result in subsutu-
ration. The renewed aggressiveness in mixed witers may cause calente dissolution,
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effect which has been called “mischungskorrosion”™ in Germun literature (Bogly,
1975}

With the aim to evaluate the eflects of mineralization and jon strength () on the
decrease of the caleium ion activity coeflicient () and increase of carbonate solubi-
lity {table 23 a mixture of different proportions (0-100% ) of fresh and sea water was
prepared in laboratory, The fresh water came from the Jaruco-Aguacate basin, loca-
ted at great distance from the coast, in an aquifer developed on Miocene limestone.
The sea water was sampled in the Atlantic Ocean.

Seawater(%) [0 1 2 |3 4 & |6 7 8 9 |w

Sudy ions ! |
HCO, (mifly | 270 [266 268 |260 [258 (255 250 246 (232 [248 |:52

o impy (1T 200 389 |S68 | 761|938 1120 1314|1498 | 1680 | 1863
SO; fmeay (12|36 (83 (111 [140 [159 [196 |214 | M6 |262
o) L T 12 T4 e a4 56 54 97 lon

Cat qmpld) Ik
Mg' medy (15 |3 a1 1m0 le6 |73 [se 100 |15 123 139

Na' gmehy |13 [118 220 (320|426 525 632 | 728|835 (938 | 1042

IR meay |1 5 |8 12 |16 |21 |24 |28 31 5|30

I
. ! | Gk e A

EC {piSkm) 5531220 1830|2596 | 3306 | 3830 umm:mlsmv 6270 | 6850

4Ca (71 064 (060 057 054 (052|050 048 | 0.47 0.46 m.u
JHCO, 092 [0.89 |087 |086 085 {1«:4 083 082 081|081 | 0.80 |

TSS (med) 388 721 | 1061|1367 1712 2031|2358 2699 | 3034|3362 | 3693

|- m}a|:}|"r mﬂ_un 018 (020 (021 (023|024 (025 027
A |

Tirbde 2 - fonr cancentrations, electric comductivity {EC L tetal sefuble soffols § TSR] fon geriviee coef-
Sicients andd sqare roofof e fon sirengil () af a fresh water (laeneo Ageocade boasing cnd of dif-
Jeeeny peaportinns af seawater mixiuee {Atfaniic Oeean 1.

The ions contents (in terms of TSS and EC) increase with the percent of see water
in the misture, while hydrocarbonate (yHCO, "y and calcium (vC at) activiry coelfi-
cients decrease. The chemical corrosion ([Ca’ |, in terms of calcium (mg/l) remo-
ved from the aguifer by the waters has been caleulated by the following equation:

[Ca™ g = [Ca®"], = [Ca®"], (1)

Where;
1Ca™" |, Calcium contents determined with analytical methods
[Ca™*],,: Calcium contents calculated from the conservative mixture,
The above parameters have been caleulated using the relationships hetween the
hvdrochloride contents and the fresh water percent in the mixture (P ). as well as the
¥ P
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calcium contents relationships, The resulting equation is the following:
P, =0 0812 [CI7], - 009 (2)

Where [C17], is the hydrocloride concentration of the sample (mgfl). The slop
represents the C17 concentration at the U percent of the mixture and the intercept is
the CI" contents of the groundwater without salinization. Then, the calcium contents
supplied for the mixture [Ca™),, is:

[Ca®], =02P, +30 (3

Which can be calculated as a function of the mixture percent from the corre-
sponding relationships (table 1), Combining (1) (23 and (3 the equation can be writ-
ten:

[Ca®*|,, = [Ca®], - 003824 (T} + 2982 (4)
The |Ca:‘]‘_.hl. values can be expressed in terms of CaCOy hardness (mgfl) as the
foallowing:
[CaCOy ), = 30 [Ca™" )y, 1)

This magnitude can be wsed 1o compare the corrosion developed in the different
sites of the basin or in the aguifers located in different places,

With the aim o test the above caleulations two pairs of wells from different aqui-
fers representative of waters with lower and higher salinity in the sume basin at Pinar
del Rio. Havana and Matanzas Provinees were chosen. The different behaviour of the
wells i due to the local differences ol the limestones composition, porosity and fis-
suration. to the location with respect 1o the coastal line and w the degree of water
extraction for agricultural and population supply purpose. In the lollowing tables (3-
51, the mixwre percent (P, %) and the chemical corrosion {[CaCO4 ], maflh are
shown for the studied period in the karstic aguifer open o sea at Pinar del Rio,
Havana and Matanzas Provinces respectively,

In general, the guantities of CaCO; removed from the limestones in the three stu-
died places of the western Cuban karstic plain are different, and o major increase of
the chencal corrosion can be appreciate in those aquifers which have larger percemt
of sea water:

While the quantity of CaCO; removed from the limestone is similar in the Pinar
del Rio and Matanzas wells, it doubles in the Havana karst, maybe due w the difte-
rent lithelogical and tectonic characteristics of the aguifers.

The different CaCO; magnitudes in the Havana agquifers and in the Pinar del Rio
Provinece aguifers can be reluted with the different nature of their catchment areas. In
Havana sres the runolT comes directly from precipitations, and the CaC0Oy; is dissal-
ved inan open system (with free COLY, while in the area of Pinar del Rio the agqui-
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L-1 P-1
year N | CaC0 ey N Py, CaC0; oq
imgfL) img/L)

1974 1 07 24

1975 5 G A1) X1

1976 5 (2 ) L 03,710 6%
1577 11 60 i
14978 b .69 61
149749 1 i3 A1

L R l hir] 47

1482 3 (1143 41 9 0.55 71
1983 7 (.1}3 36 G (.87 66
1984 7 (0 i3 2 104 al
1985 T 0403 33 2 1.04 50
1986 4 (L3 41 2 1.02 2
[osT 3 (L3 32 2 .16 Ok
1983 I .04 8 2 1.16 i
Mean L0 32 R 6
vitlue

Tubsle 3. Mixtre percent and chemical corrosten magritede o the Pinar del Bie seufern kar
SHfc g,

Poro 155 Poxo 165
year N r. CaCOy0y N r. CaCO; oq
Img/L} img/Ly

1984 [0 006 78 4 021 a
1085 4 008 il 2 3.30 4z
1oEa 1 11 8 el 343 55
1987 3 53 145
Memn 0G 83 1138 02
vilug

Tabe 4, Mixture percent and chemical corrsion magaitiale ar the Havana sourhern havstic
plizin
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Pozn 322
year M L CaC0; oy
imgflh

1983 2 1.21 55
1054

1985

1686

1087 3 f,34 133
1UNE 1 7,79 22
198G 1 395 118
1550 < 526 215
Mean 418 13i
walue

Table 5, Miviure percent and chemioad corvosion magaiide af the Tivedfvogeafogi
sector of Varadero-Cardenas ( Marauzas Provinee)

fers are confined and the CaCO s dissolved in a closed svstem with respect to CO..
The low values obtained at Matanzas where the aguifers are also open to the preci-
pitations, as Havana, can be explained referving o the differemt charactenistios of the
limestone, that, in Cardenas -Varadero sector of Matanzas. is very dolomitized. The
dissolution of dalomite at the groundwater temperatire of Cuba (25 7C) s lower than
that of the pure limestone,

The additonal role of the CO, contents in the chemical corrosion can be illustra-
ted by the example of the P222 well at the Varadero-Cardenas hydrogeologic sector
fable G In this place, @ sugar cane factory spills its wastes directly through a ponor
inre the karst and therefore CO4 contents are high.

The kinetics experiment carmied out in laboratory (Table 7). are coherent with the
waler underaround behaviour,

Tl B, Relaiven amonge phe

POZO N Ca0, cq (mgfl.) hasiced  ehemical  corrogion
Panar del L-1 15 n remerved from selected places
Rio af the Phar ded Rio, Heabwiio
& '] SR gt
Habana | 158 P a0 et 11-_f.ru'uu._u.\ Provinees witft
- o mrEtaee pedeent on o fhe
Maranzas | 1o 7 ) erreler of DRSS,
il i
g 144

= Tabfe 7. Veetation of the chomical corrosten in the fale-
& 269 rinctten Ol 3-H30-CaCay with different pervent of Nall
R 34 frr the woler,
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The results discussed above allow to realize how drastic are the changes resulting
troum human impact in the karstic coastal acquifers of Cuba, These changes bring
both o water quality deterioration and 1o increasing of secondary porosity of the car-
bonates, especially as a result of the aguifer overesploitation and of the organic
wasies spill.

6. Conclusions

By means of the study of chronological series of hydrochloride comtents, signifi-
cant differences of the magnitude of chemical corrosion in the karstic coastal aqui-
fers of western Cuban were found. The aguifers show an intense chemical corrosion,
which is function of the sea water percent in the mixture and of different types of
human impact. These aguifers are submitted to great exploitation for agriculural and
water supply purpose, and occasionally are affected by the sugar cane waste spill,
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