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HIGHLIGHTS

» Wetlands can enhance the reliability of primary treatment of industrial effluents.
» High removal rates for Cr, COD and TSS can be achieved.

» Chromium can be retained in wetlands with non-specialized media.

» Pilot testing resulted in improved design criteria than literature values.
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Tannery operations consist of converting raw animal skins into leather through a series of complex water-
and chemically-intensive batch processes. Even when conventional primary treatment is supplemented
with chemicals, the wastewater requires some form of biological treatment to enable the safe disposal to
the natural environment. Thus, there is a need for the adoption of low cost, reliable, and easy-to-operate
alternative secondary treatment processes. This paper reports the findings of two pilot-scale wetlands
for the secondary treatment of primary effluents from a full tannery operation in terms of resilience (i.e.,

ﬁ?:;;gﬁsa:l flow constructed wetlands ability to produce copsistent effluent quality in §pite qfvariable influent loads) and reliability (i.e., ability
Chromium to cope with sporadic shock loads) when treating this hazardous effluent. Areal mass removal rates of
Anaerobic 77.1gCOD/m?/d, 11 g TSS/m?/d, and 53 mg Cr/m?2/d were achieved with a simple gravity-flow horizontal
Solids subsurface flow unit operating at hydraulic loading rates of as much as 10 cm/d. Based on the findings, a
Sizing full-scale wetland was sized to treat all the effluent from the tannery requiring 68% more land than would

have been assumed based on literature values. Constructed wetlands can offer treatment plant resilience
for minimum operational input and reliable effluent quality when biologically treating primary effluents
from tannery operations.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction steps and will generate a different waste stream [1]. This waste-

water is very complex and constitutes the most difficult problem

Tannery operations consist of converting raw animal skins
into leather through a series of complex water- and chemically-
intensive batch processes. These processes can be roughly divided
into four main groups: beamhouse, tannyard, post-tanning, and fin-
ishing operations; each of these can contain between 10 and 16
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among tannery wastes [2]. The amount, type and quantities of the
chemicals and water used change depending on the tannery oper-
ation itself, i.e., at “full” operation all four stages are performed
in one location or “wet blue” operation where only post-tanning
and finishing operations are performed; the type of hide to process
(e.g.,bovine, game, etc.); and the individual tanneries’ methods and
desired end products [1]. Conventional treatment of full tannery
operation wastewaters typically involves separate chemical pre-
treatment of chromium (i.e., tannyard) and sulfide bearing effluents
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(i.e., beamhouse), and segregation of these from the main “gen-
eral” effluent [3]. This general effluent consists of the rinses from
each batch process and can therefore contain a diverse and complex
chemical mixture, making them notoriously difficult to treat.

Currently available technologies for tannery wastewater treat-
ment involve the use of a combination of primary treatment and
energy-intensive processes like activated sludge and advanced
oxidation processes [4-6]. It has been shown that even when con-
ventional primary treatment is supplemented with chemicals the
general wastewater still requires some form of secondary (bio-
logical) treatment process to enable the safe waste disposal into
the natural environment [7]. Full tannery operations are typi-
cally located in the developing world, where hides and lower cost
labor are readily available [1]. As a result, there is a real need
for the adoption of low cost, reliable, and easy-to-operate alter-
native secondary treatment processes. Horizontal, subsurface flow
constructed wetlands have the potential of addressing this chal-
lenge. In fact, wetlands have been successfully applied in trial
studies to polish the effluents from conventional wastewater treat-
ment plants [8,9], polish wet blue effluents [10,11], and treat
wastewaters with high chromium contents [12-14]. However, their
performance in terms of reliability and resilience when used as the
sole secondary treatment process of a complete tannery operation
has yet to be assessed.

This paper reports the findings of two pilot-scale wetlands
for the secondary treatment of primary-treated effluents from a
full tannery operation in Argentina during one year. The main
challenges were the high solids content and the elevated and
widely variable chemical composition when compared against cur-
rent wetland applications. The technology is assessed in terms of
resilience (i.e., ability to produce consistent effluent quality in spite
of variable influent loads) and reliability (i.e., ability to cope with
sporadic shock loads) when treating this hazardous effluent. The
wetlands were also designed and tested in terms of their ability to
provide treatment security in terms of effluent chromium content.

2. Materials and methods

This study had two parts: a lab-scale determination of
chromium retention and regeneration capacity, and a pilot-scale
application of the wetlands at a tannery. Both phases used primary-
treated wastewaters from a local tannery (Fig. 1).

2.1. Laboratory determination of chromium retention and
regeneration capacity

The laboratory study used small volumes of rock to treat
Cr-spiked tannery wastewater in a batch system. Two types of
rocks were tested in duplicate: river gravel (control) and granitic
rock (selected media). Both media were sieved to a diameter
of 4.75-8 mm. The surface areas and cation exchange capaci-
ties were 0.69 m2/g and 2.06 meq/100¢ for the granitic rock, and
4.27m?/g and 1.08 meq/10g for the gravel, respectively. Surface
area was determined by BET and CEC by the BaCl, compulsive
exchange method [15]. The batch reactors consisted of 100 g of
rocks placed in 125 mL PVC containers and allowed to react with
50 mL of fresh wastewater spiked with tanning bath solution (Cr
content=1800 mg/L, pH 4) to yield test Cr concentrations ranging
between 0.1 and 32 mg/L at pH 6.8-7. After 24 h, the effluents were
collected for analysis, the rocks rinsed with 50 mL of distilled water
(DI), and 50 mL of 4M HCl added to each reactor to test for desorp-
tion. The selection of HCI as the de-sorbing agent was based on
previous studies where it was suggested that HCl would be among
the most effective chemicals to release sorbed chromium [16-18].
After 24 h, the reactors were emptied, the effluent analyzed, the

media rinsed with DI, and 50 mL of fresh solutions with the initial
concentrations of chromium were added to each reactor. Total Cr
determinations were made at the start and end of each treatment
with Hach test kits (Hach Chemical Co, USA) using a colorimetric
method [19]. Preliminary tests were conducted to ensure the 24 h
reaction time was adequate for Cr sorption onto the rocks surfaces
(Dotro et al., unpublished data). All experiments were run at 20°C.
Subsamples of the rock sorption media were analyzed by X-ray
diffraction before and after the sorption experiments to evaluate
mineralogical and chemical changes resulting from reaction. The
rock samples were ground to a fine powder in a mechanical mor-
tar prior to X-ray diffraction analysis using a Bruker D8 Discovery
X-ray diffraction unit. The powdered samples were scanned from
3 to 65° 260 using a step of 0.030° 260 and count time of 2 s/step.
The area under the strongest peak for each identified phase was
used to quantify the mineral abundance using the reference inten-
sity ratio relative to corundum. The precision of this method is
generally within 10-15% of actual mass % and is considered semi-
quantitative.

2.2. Treatment wetlands

The pilot systems were installed on the premises of a small tan-
nery in Argentina that processes animal hides from small game
animals into finished leather via chrome tanning. The operation
produces three streams of wastewater for treatment: (a) tanning
and re-tanning liquors, which contain trivalent chromium in excess
of 560 mg/L, (b) beamhouse operation effluents, which contain
sulfides in excess of 185 mg/L, and (c) general effluent, consist-
ing of various wash waters from different steps along the tanning
operation (Fig. 1). Two identically-sized wetlands were built after
the primary treatment units with dimensions 3m x 1.5m x 1m
(LxWxD), filled with clean granitic rock (diameter 0.1-20 mm) to
a depth of 0.7m. The water level was kept at 10cm below the
rock surface. The influent distribution consisted of a metal trough
which overflowed onto the beds. Both systems were planted at 4
shoots/m? with Typha latifolia specimens collected from a nearby
natural wetland. The plants were chosen based on their proven abil-
ity to tolerate the salinity and chromium levels typically found in
tannery wetlands [10,12]. The flow rate to each system was reg-
ulated before the trough through individual valves and was fed
continuously five days a week. One unit was labeled “Wetland H”,
the other “Wetland L”; Wetland H received a hydraulic loading rate
of 0.1 m/d and Wetland L received 0.048 m/d. At a measured poros-
ity of 0.4, the average hydraulic residence time in Wetlands H and
L were 2.4 and 5 days, respectively.

2.3. Field sampling and testing

Wastewater was collected at the inlet and outlet of each system
and taken to the laboratory within 2 h for same-day processing.
Sampling and analysis were conducted once a week during the first
three months of the study and biweekly thereafter. All samples
were analyzed according to Standard Methods [19] for chemi-
cal oxygen demand (COD), suspended solids (TSS and VSS), total
chromium (Cr), pH, dissolved oxygen (DO), conductivity, and tem-
perature. Three random samples from both the inlet and outlet
were tested for COD and 5-day biochemical oxygen demand (BODs)
to determine the COD:BODs ratio for design interpretation pur-
poses. Results are presented for the first 420 days of the study.

An internal sampling campaign was conducted after 6 months
of starting wetland operation to determine operating conditions
within the beds. Samples were collected at three locations lon-
gitudinally from inlet to outlet and two depths (0.25 and 0.4 m)
from the rock surface. Each point within the bed was analyzed
with portable probes to determine wetland pore water pH, DO,
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