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Abstract

This study was conducted te investigate the cadmium removal in the free water surface
(FWS) and subsurface flow (SF) constructed wetland systems under different environmental
conditions and to comparc the performance of FWS for domestic and industrial wastewaters using
two different plants and at different cadmium loadings. The investigations were done in two parts.
Part 1: Two simultaneous experiments were carried out in four laboratory scale units for the FWS
and SF wetland systems during the four runs. Cattail plants (Typha angustifolia.) were used in the
constructed wetland units. The synthetic domestic wastewater mixed with cadmium concentrations
of 1, 5, 10, and 20 mg/L was fed to the wetland units. Concentrations of some monitored
parameters, soluble chemical oxygen demand {(S-COD), total kjeldahl nitrogen (TKN), total
phosphorus (TP), total suspended solid {TSS), volatile suspended solid {(VSS), as well as Cd were
determined in the influent and effluent at frequent intervals during the four runs. The cadmium
content i the soil were determined at the end of each run, while in plants, it was only measured at
the end of the fourth run. Removal efficiencies of the S-COD were found to be in the range of 78-
92% for two wetland systems at HRT 5.5 days. The removal efficiencies for TKN, TP, TSS, and
V8S were in the range of 64-91%, 62-90%, 68-91%, and 50-84%, respectively. The mean effluent
cadmium concentrations varied between 0.02-0.16 mg/L. Cadmium removal efficiencies were
98.6-99.4% in FWS, and 99.3-99.9% in the SF wetland systems, The subsurface flow wetland
showed slightly better performance than the free water surface wetland in terms of various
pollutants® removal. However, the two systems had the similar performance in the cadmium
removal. Part 2: Four simultaneous experiments were carricd out in five laboratory scale units for
FWS wetland system. Bulrush plants {Cyperus corymbosus Rottb.) were used in the constructed
wetland units. A synthetic wastewater resembling a typical industrial wastewater mixed with
cadmium concentrations of 5, 10, 25 and 50 mg/L. was fed to the wetland units during the three
cxperimental runs,  Concentrations of S-COD, and cadmium concentrations in influent and
effluent, as well as in soil and plants were determined at frequent intervals during the experimental
run. The performance of the FWS constructed wetland system was evaluated for three hydraulic
retention times (HRT) 5, 7 and 10 days. Removal efficiencies of S-COD were found to be in the
range of 72-91% during the experimental period. The mecan ¢ffluent cadmium concentrations

varied between 0.17-12.73 mg/L. The overall average cadmium removal efficiency during the



three runs ranged between 75-97%. Most of the cadmium was accumulated in soils (56-76% of
total influent cadmium). Of the total cadmium uptakes, about 14 to 23% of the total cadmium
intake was accumulated in bulrush plants. The accumulation in soil and in plants increased with
influent loading during each run. The optimum HRT for efficient Cd removal from wastewater
appears to be 10 days.

The FWS constructed wetlands for synthetic domestic and industrial wastewater mixed
with Cd concentrations of § and 10 mg/L was compared for cattail and bulrush plants at HRT 5.5
and 5 days, respectively. Mean $-COD removal efficiencies for influcnt cadmium concentrations
of 5 and 10 mg/L were 86.9% and 85.5% for wetland with cattail plants and 75.5% and 73.9% for
wetland with bulrush plants. The average Cd removal efficiencies were 99.5% and 99.4% for FWS
wetland system with cattail plants and 81.9% and 80.8% for FWS wetland system with bulrush
plants at influent cadmium concentrations of 5 and 10 mg/L, respectively. Mean S-COD and Cd
removal efficiencies were only slightly different for the two wetland systems with two different
plants at influent cadmium concentrations of 5 and 10 mg/L. High removal efficiencies were
observed for synthetic domestic and industrial wastewater and were higher in the FWS constructed
wetlands with cattail plants {synthetic domestic wastewater) as compared to the wetlands with

bulrush plants {synthetic industrial wastewater).





