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Abstract One of the driving forces of the economy in
southeast Mexico is agriculture. In Soconusco, Chiapas,
coffee is one of the main agricultural products and is traded
on the international market. Coffee grown in this region is
processed using the wet method in order to be commer-
cialized as green coffee. In the beneficio (coffee processing
plant) water is an essential resource which is required in
great quantities (Matuk et al., 1997; Sokolov, 2002) as it is
used to separate good coffee berries from defective ones, as
a method of transporting the coffee berries to the pro-
cessing machinery, in the elimination of the berry husk
from the coffee grains (pulping) and finally in the post-
fermentation washing process. This process gives rise to
one of the smoothest, high-quality coffees available (Zul-
uaga, 1989; Herrera, 2002). Currently, many producers in
Soconusco are opting for ecological coffee production,
which has, among its many criteria, human health and
environmental protection (Pohlan, 2005). Furthermore,
increasing concern during the past few years regarding the
production of food that is free from contaminants such as
heavy metals, and recent environmental policies in relation
to aquatic ecosystem protection, have given rise to ques-
tions concerning the quality of water used in coffee
processing, as well as pollutants produced by this agroin-
dustry. Water used in the coffee processing plants origi-
nates from the main regional rivers whose hydrological
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basins stretch from the Sierra Madre mountain range down
to the coastal plain. As well as providing water, these rivers
also receive the wastewater produced during coffee pro-
cessing (Sokolov, 2002).

There are no previous studies pertaining to heavy-metal
pollution in these rivers, however, the presence of these
elements in river water could be related to the compara-
tively recent geology of the region (Miillerried, 1957).
Heavy metals could also be a result of the coffee agroin-
dustry as the metals considered in this study; lead (Pb),
copper (Cu), iron (Fe), zinc (Zn), manganese (Mn) and
arsenic (As), are regarded as part of the residual com-
pounds produced by agroindustrial activities (Adriano,
1986; Metcalf and Eddy, 1996). These metals are classified
as priority and Pb, Cd and As are regarded by the World
Health Organization as possible causes of cancer in hu-
mans. The aim of this study is to determine the concen-
tration of Pb, Cu, Cd, Mn, Zn, Fe, Ni, As, the pH,
conductivity, turbidity, dissolved oxygen, chlorides, hard-
ness, phosphorous, nitrates and total nitrogen in the water
that is used and discharged in wet method coffee pro-
cessing.

Materials and Methods

This study was carried out in three wet method processing
plants located in the Santa Fé, Eduviges and Chinicé coffee
fincas (plantations) in the Soconusco region of Chiapas,
Mexico. The Santa Fe processing plant is supplied by water
from the Comaltitlan River, whilst the Eduviges and Chi-
nicé plantations use water from the Huehuetan River.
Two samples were taken at each processing plant during
the 2005 coffee-harvesting season. Three sampling sites
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Table 1 Condition of

Wave length/slit (nm) Lamp current (mA) Detection limit

equipment used for heavy metal Element Method

detection Pb Graphite furnace
Cu Graphite furnace
Cd Graphite furnace
Mn Graphite furnace
Zn Flame

The results were analyzed using

analysis of variation (ANOVA Ni Flame
with a p < 0.05 significance Fe Flame
level by means of the JMP As Hydride Generation

statistic program

228.8 /0.7 6 0.113 pg/L
324.8 /0.7 6-15 0.014 pg/L
283.3/0.7 10-12 0.25 pg/L
279.5 /0.2 20-25 0.025 pg/L
2139/ 1 5 0.1 mg/L
232/02 5 0.7 mg/L
2483 /0.2 25-40 0.03 mg/L
193.7/0.7 10 0.1 pg/L

were selected at each plant: where water enters the pro-
cessing plant (inflow), at the pulping process stage, and
finally at the point of wastewater discharge into the river
(outflow). Two samples were taken at each site, one in
order to analyze heavy metals, collected in 250 ml VWR
Trace Clean polyethylene bottles and the other to deter-
mine chemical parameters, collected in one liter Nalgen
bottles. The samples were conserved at 4°C before being
transported to the laboratory. The samples that were to be
used for heavy metal analysis were conserved in nitric acid
at pH 2.

In situ pH (pH meter, HI98127 Hanna USA), conduc-
tivity, turbidity (Electrode Water Checker U10 Horiba
USA) and dissolved oxygen (oxygen meter HQ10 HACH
LDU, USA) were all determined using selective electrodes.
In the laboratory, chloride concentration was determined
using the argentometric method, water hardness by ethy-
lenediaminetetracetic acid (EDTA) titrimetric, total phos-
phorous using the tin chloride method, nitrates by
spectrophotometer and total nitrogen using the Kjeldal
method (APHA, 1995).

In order to determine heavy metal measurements, the
pulping process and discharge water samples were filtered
as they presented high organic matter content. The samples
taken at the entrance to the processing plant were analyzed
without any previous treatment. The analysis of Pb, Cu, Cd
and Mn was carried out using a 3110 atomic absorption
spectrometer with a HGA-600 graphite furnace and an AS-
60 Perkin Elmer autosampler. Zn, Fe and Ni were deter-
mined in a SpectrAA 220 vanian flame atomic absorption
spectrometer. Arsenic was measured in a Perkin Elmer
Precisely A Analyst 200 atomic absorption spectrometer
coupled with a FIAS 100 flow injection analysis system
and a AS 90 Perkin Elmer autosampler. Calibration curves
with 1000 mg/LL SIGMA standards were elaborated for
each metal analyzed and 0.2% HNO3 was used as a dilu-
tant. Intensitron Perkin Elmer and Varian hollow cathode
lamps were used. The general specifications of the equip-
ment used for the detection of each element are given in
Table 1.

Results and Discussion

The physical and chemical characteristics of the water that
entered the coffee processing system were notably modi-
fied in the pulping stage (Table 2), pH and dissolved
oxygen levels were markedly reduced and the water was
acidified by the chemical composition of the coffee berry
pulp (Zuluaga, 1989).The mean pH value for the evaluated
coffee processing plants was five. Sokolov (2002) and
Mejia (2006) report values ranging from 4.5 to 5.5 in
pulping process water. The high organic matter content
saturates the water, reducing the dissolved oxygen con-
centration. The chemical components of the coffee berry
pulp were dissolved; thus, values of conductivity, turbidity,
salinity, chlorides, hardness, nitrates, phosphorous and
nitrogen all increased.

Water contaminated by coffee components is discharged
directly into the rivers; Matuk et al. (1997) and Sokolov
(2002) mention that these wastewaters cause serious des-
equilibrium in aquatic ecosystems. In this study, all the
wastewater physicochemical parameters were below the
maximum permitted limits established by the official
Mexican environmental regulations (1996) regarding water
discharged into rivers. In general, wastewaters originating
from coffee processing plants present high organic matter
concentrations (Zuluaga, 1989). It is worth pointing out
that due to hurricane Stan in 2005, coffee producers suf-
fered huge losses and were harvesting mainly defective,
damaged coffee berries. Mejia (2006) states that waste-
waters generated from the processing of defective berries
present lower concentrations of nitrogen, phosphorous and
total suspended solids (40, 30 and 110 mg/L, respectively).
With the exception of Zn and Ni, all the identified heavy
metals (Pb, Cd, As, Cu, Mn and Fe) were detected in the
water entering the coffee processing plant, as all these
elements are found naturally in the river water that supplies
these plants. The concentrations detected were below the
maximum permitted limits for water for general use and
human consumption established by the Official Mexican
Environmental Regulations (1994). All the identified heavy
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Table 2 Physicochemical

_ . Physicochemical Water entering Pulping-stage Discharge Maximum permitted limits
characteristics of water in wet .
. parameters processing water wastewater
method coffee processing plants . *NOM-127- **NOM-001-
. plant (inflow) (outflow)
at the Santa Fe, Eduviges and SSA 1-1994 ECOL-1996
Chinice coffee plantations
pH (units) 6.7-7.1 43-54 5.3-5.7 6.5-8.5 5-10
Conductivity (uS/cm) 50-263 400-1,600 429-578 NA NA
Turbidity (NTU) 8- 117 584-927 309-685 5 NA
Dissolved oxygen (mg/L)  7.4-7.7 2.2-4.3 3.0 NA NA
Salinity (%,) 0.0 0.01-0.07 0.01-0.02  NA NA
Chlorides (mg/L) 3.0-4.2 3552 3.0-4.2 250 NA
Hardness (mg/L) 20-152 59-206 59-206 500 NA
NA = not applicable, *water for Nitrates (mg/L) 0.4-3.8 3344 3.8-5.9 10 NA
general use and human Phosphorous (mg/L) 04-1.3 11-70 5-25 NA 30
consumption, **water Nitrogen (mg/L) 0.6-3.0 37-64 25-64 NA 60

discharged in rivers

Table 3 Mean heavy metal

. Heavy Water entering Pulping-stage  Discharge Maximum permitted limits

'concentratlons (ng/L) detected metals processing water wastewater
in water from wet method (ng/L) plant (inflow) (outflow) *NOM-127- #*NOM-001-
coffee processing plants of SSA1-1994 ECOL-1996
Soconusco, Chiapas, Mexico

Pb 2.5 0.8° 0.8° 10 400

As 2.9° 6.4° 4.5 50 200

Cd 0.25% 0.35% 0.39% 5 200

Zn ND 6.7* 13.7¢ 5,000 20,000
ND = not detected, NA = not Cu 108 113° 36° 2,000 6,000
applicable, *water for general . N . ’ ’
use and human consumption Mn 63 200 420 150 NA
**water discharged into rivers; Fe 2127 1,013° 1,872° 300 NA
a’b’cstatistical differences Ni ND ND 23 NA 4,000

(p < 0.05)

metals, except for Pb, increased during the coffee pulping
process (Table 3). Pb is regarded as one of the most toxic
heavy metals (ATSDR, 2005), characterized by a lack of
mobility and a tendency to be absorbed by organic matter
(Moore and Ramamoorthy, 1984). Therefore, the reduction
in Pb concentration in the pulping process and discharge
water is probably due to some Pb remaining in the coffee
pulp.

Cadmium was the least concentrated metal found in the
processing waters of the three coffee processing plants;
however, in the pulping process and discharge water the
concentrations increase when compared with the water
entering the processing plant. The same pattern is displayed
with As (Fig. 1). Furthermore, notable differences are ob-
served between the three coffee processing plants. The
concentration of As in the water entering each plant was
different due to variations in natural occurring elements in
each river. The increase in Cd and As detected in the
pulping-stage water in the studied processing plants is
probably due to the type of machinery which is used during
the process; Cd and As are typical residual elements pro-
duced in agroindustrial activities as Cd forms part of the

@ Springer

machinery enamel and red paint, while As is used as an
additive in metal alloys such as the lead and copper ones
used for making machinery (Metcalf and Eddy, 1996;
Valdés, 1999). Friction between the coffee berries and the
machinery, and the acidity of the pulping water, could have
provoked a modification of the machinery enamel and
paint. In the pulping water from the Santa Fe plantation
processing plant there was a higher concentration of As
(9.1 pg/L). This could be due to the pulping water in this
plant having the most acidic pH values (4.3), which could
result in greater machinery corrosion. The concentrations
of Cd and As in the discharge water in the three processing
plants were less than those measured in the pulping-process
water but higher than in the water entering the processing
system. Fortunately these concentrations were below the
maximum permitted limits established for discharge wa-
ters, since these elements are considered by the World
Health Organization as toxic contaminants and have car-
cinogenic effects in humans (Hernandez et al., 1999).

The presence of Zn in wet method processing was ob-
served only in the pulping water from the Eduviges coffee
processing plant and in the discharge water from all three
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Fig. 1 Concentrations of cadmium and arsenic (pg/L) detected in the
water of wet method coffee processing plants at Soconusco, Chiapas,
Mexico
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Fig. 2 Concentrations of zinc and copper (pg/L) detected in the
water of wet method coffee processing plants at Soconusco, Chiapas,
Mexico

plants. This could indicate that the Zn originated in fertil-
izers or chemical formulas used for pest control such as Zn
sulphate applied to coffee plants before the harvest (Mar-
tinez, 2004). In addition, a soil analysis of the Santa Fé
plantation reveals that there is an excess of Zn in the soil.

Copper concentrations differ greatly between sampling
sites and the three processing plants (Fig. 2).In the pulping-
process water in the Santa Fe and Eduviges processing
plants, copper concentrations increased to 140 and 160 ng/
L respectively and although in the Chinicé plant these
concentrations were not reached, higher values were
measured than in the entrance water. This is probably due
to the wearing of the machinery that is made mainly from
copper; Klein et al. (1974) report high copper concentra-
tions in wastewater from non-metallic industrial systems
such as those in the food industry. Although the copper
concentrations in the discharge water decrease they are still
greater than in the entrance water. In the Chinicé coffee
processing plant, higher concentrations of copper (50 ng/
L) are discharged than in the other two processing plants;
however, these values are below the maximum permitted
limits for wastewater discharge into rivers (Official Mexi-
can Environmental Regulations, 1996).

The concentrations of Mn and Fe in the three coffee
processing plants showed notable differences but all fol-
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Fig. 3 Concentrations of manganese and iron (pg/L) detected in the
water of wet method coffee processing plants at Soconusco, Chiapas,
Mexico

lowed the same pattern; the discharge-waters contained a
greater concentration of Mn and Fe than the water entering
the plant and the water in the pulping process. (Figure 3).
In Santa Fe the water entering the plant displayed a higher
concentration of manganese (90 pg/L) than in the other
plants due to the nature of the Comaltitlan River which
supplies the water for coffee processing. Iron was the metal
detected in the greatest concentrations, moreover, in the
Chinicé coffee plantation it exceeded the maximum per-
mitted limits (300 pg/L) for general use and human con-
sumption established by the Mexican Environmental
Regulations (1994). Whilst iron is not harmful to human
health, this element, which is found in soluble form, is
easily oxidized, damaging water pipes, pumps and other
machinery. In the pulping process manganese and iron
concentrations increased in all the coffee processing plants,
probably because these metals are natural minerals found
in coffee. Zuluaga (1989) reports iron concentrations in
coffee pulp, however, the extremely high amounts of iron
in the pulping water (1,500 pg/L) are the result of corro-
sion and wearing of the machinery, which is made of iron
and copper.

In the case of the Santa Fé coffee processing plant the
discharge wastewater presented the highest Mn and Fe
concentrations, reaching values of 290 and 2,295 pg/L,
respectively. This could be due to the high levels of Mn
(14,600 pg/L) and Fe (132,533 pg/L) found in the soil
(Martinez, 2004). Although the official Mexican environ-
mental regulations do not stipulate maximum permitted
limits for these elements in discharge systems, and there
are no records of harmful effects on human health, these
elements can oxidize easily, causing problems such as
staining of clothes, blocking of pipes, pumps and other
machinery related to water supply systems in communities
downstream that are supplied by the river water. Further-
more, the elevated concentrations of Mn can accelerate
biological growth in water distribution systems, contrib-
uting to problems of the taste and smell of the water
(RIPDA, 2003).

@ Springer



404

Bull Environ Contam Toxicol (2007) 78:400-404

Acknowledgments We would like to express out gratitude to pro-
grammes for technological development and innovation that support
the creativeness and inventiveness of Chiapas’s young people, such as
COCyTECH and CONACYT who funded this research. This paper
benefited from the valuable contributions of José Higinio Lopez and
Javier Valle Mora. Thanks to the owners and staff of the Santa F¢,
Chinicé and Eduviges coffee plantations for letting us work in the
coffee processing plants.

References

Adriano DC (1986) Trace elements in the terrestrial environment.
Springer Verlag. New York. p. 533

APHA, AWWA, WPCF (1995) Standard methods for the examina-
tion of water and wastewater. Ed. American Public Health
Association. Washington. D.C

ATSDR (Agency for Toxic Substances and Disease Registry) (2005)
Resumen de Salud Publica. Plomo. Departamento de salud de los
EE.UU

Hernandez PM, Garcia MM, Caifas PR, Pefia OS (1999) Fracciones
biodisponibles de arsénico, plomo, cadmio y mercurio en
sedimentos de corrientes superficiales seleccionadas. Rev Cu-
bana Hig Epidemiol. 37(3): 132-135

Herrera LFJ (2002) La catacion de café y su aplicacion. En: Mexico y
la cafeticultura Chiapaneca: Reflexiones y Alternativas para los
cafeticultores. Ed. Pohlan J. Shaker Verlag. Alemania

Klein LA, Lang M, Nash N, Kirschner SL (1974) Sources of metals in
New York City wastewater. J] Water Pollut Control Fed 46:
2653-2662

Martinez BV (2006) Comunicacién Personal

Matuk V, Puerta QV, Rodriguez VN (1997) Impacto bioldgico de los
efluentes del beneficio humedo de café. Cenicafé 48(4): 234-252

@ Springer

Mejia GG (2006) Eficiencia de operacion de un sistema piloto de
tratamiento de aguas residuales de café en el sureste de México.
Tesis de Maestria. El Colegio de la Frontera Sur, Tapachula,
Chiapas

Metcalf and Eddy (1996) Ingenieria de aguas residuales, Tratamiento,
vertido y reutilizaciéon. Tomo I. McGrawHill. pp. 78-99

Moore JW, Ramamoorthy S (1984) Heavy metals in natural waters:
applied monitoring and impact assessment. Spring-Verlag. New
York. p. 265

Miillerried FKG (1957) Geologia de Chiapas. México, D.F. pp. 79—
160

Official Mexican Environmental Regulations (1994) NOM-127-
SSAL1, Diario Oficial

Official Mexican Environmental Regulations (1996) NOM-001-
ECOL, Comision Nacional del Agua

Pohlan J (2005) El cafetal del futuro — productor de excelente calidad,
manantial de diversidad productiva y cufia de trabajo calificado.
CUBACAEFE. Santiago de Cuba. pp. 3041

RIPDA (Red Iberoamericana de Potabilizaciéon y Depuracion del
Agua) (2003) Remocion de hierro y manganeso en fuentes de
agua subterranea para abastecimiento publico. En: Agua potable
para comunidades rurales, reuso y tratamientos avanzados de
aguas residuales domésticas. pp. 37-54

Sokolov M (2002) La contaminacion ambiental por las aguas
residuales del procesamiento himedo del café: Prevencion y
tratamiento. En: México y la cafeticultura Chiapaneca: reflexi-
ones y alternativas para los cafeticultores. Ed. Pohlan J. Shaker
Verlag. Alemania

Valdés PF (1999) La contaminacion por metales pesados en Torredn,
Coahuila, México. 1*. Edicion. CILADHAC. México. pp. 1-46

Zuluaga VJ (1989) Utilizacién integral de los subproductos de café.
En: Roussos, S. et al. (Compiladores), Biotecnologia en la
industria cafetalera. Memoria del I Seminario Internacional.
INMECAFE-ORSTOM-UAM. México. pp. 63-77



	Heavy Metals in Wet Method Coffee Processing Wastewater �in Soconusco, Chiapas, Mexico
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


