
Introduction 

In the “Kingdom of crystal” in south-

eastern Sweden, a large number of glass-

works sites have produced glass over 

more than 300 years. These sites are 

characterized by high pollution levels of 

a number of metal contaminants. At 

Pukeberg glassworks site, which is in fo-

cus in this study, As, Ba, Cd, Pb, Sb and 

Zn are present in elevated levels. The 

landfill area of Pukeberg is estimated to 

approximately 15 000 square meters 

(Elert et al., 2012) and the catchment 

area upstream of the landfill is small; 

only ca 0.3 km2
  according to Thörnqvist 

(2015). 

 

The aim of this study was to 

characterize the release and mo-

bility of metals from the glass 

waste into soil water and 

groundwater. 

 

 

Method 

Soil samples (N=48) were gathered, 

using Ultra Sonic drilling, from 

both the landfill and the natural soil 

beneath this; in the latter case from 

both the saturated and unsaturated 

zone. Soil water (N=31) was sam-

pled from lysimeters (Prenart Super 

Quartz, 2μm) installed on the land-

fill, and groundwater (N=34) was 

collected from sampling tube wells 

located upstream, at and down-

stream of the landfill. The collected 

samples were analyzed for As, Ba, 

Cd, Pb, Sb and Zn on ICP-MS. 

 

To describe the leachability of met-
al(loid)s in the wastes, distribution 
coefficients (Kd) were calculated as 
the ratio of the average pseudo-total 
metal concentrations in soil (from 
the landfill zone with visible glass) 
to the average dissolved metal con-
centrations in soil water.  
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Fig. 1. Metal concentration in soil, mg/kg dw, from surface down the profile at sampling point 1 on the landfill 

area. The black dotted line indicates the depth of soil with visible glass. The swedish generic maximum acceptable 

soil concentration at residential areas on contaminated land (”generic soil guideline values ” ; Swedish EPA, 2009) 

are presented as the red bar , thus indicating a level above which there may be a risk for negative health effects. 
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Results and discussion 

The pseudo-total metal concentrations in 

soil samples collected at the upper un-

saturated zone of the landfill exceeded the 

Swedish EPA (2009) generic guideline 

values for contaminated land (figure 1).  

The high concentrations were found in 

the part of the soil/landfill where glass 

sheets were abundant. The concentrations 

declined immediately as the natural soil 

began underneath the landfill zone (figure 

1).  

In soil water at the landfill, the investigat-

ed metal(loid)s were present in highly el-

evated concentrations compared to re-

gional background concentrations in 

groundwater.  Calculated ratios between 

the concentrations in soil water and back-

ground concentrations showed that Sb 

stood out with concentrations in soil wa-

ter up to 7700 times the background val-

ue. The distribution coefficients indicate 

the highest leachability for Ba (Kd= 150 

l/kg) and Sb (Kd= 190), a moderately 

leachability for Cd (Kd= 860) and Zn 

(Kd= 500) and the lowest leachability for 

As and Pb (Kd= 6000 and 16000 respec-

tively).  

Metal concentrations in groundwater, as 

compared to soil water of the unsaturated 

zone, are expected to decrease as a result 

of dilution even in scenarios of no sec-

ondary sorption of aqueous metal forms 

found in the landfill source zone.  In this 

context, a theoretical dilution of 20 times 

was assumed, calculated as the ratio be-

tween the catchment area and area of the 

landfill (0,30/0,015 ; see introduction). 

Thus, for metals where the ratio between 

concentration in landfill soil water and 

groundwater were higher than 20, it is 

implied that the decrease in concentra-

tions in groundwater is higher than can 

be explained only from dilution. Instead, 

secondary sorption mechanisms are the 

most probable explanation. This was the 

case for some of the heavy metals, i.e. Pb 

(990), Cd (210), Zn (659) and Ba (120). 

Antimony and arsenic however, showed 

lower values (15 and 4, respectively), 

which suggests that these are easily 

leached to groundwater once released to 

the soil solution surrounding the waste of 

the source zone. 

Conclusion 

 High concentrations of metal

(loid)s were found in soil water 

samples at the landfill, indicating 

that metals are leached from the 

solid waste materials.  

 The leachability decreased in the 

following order: 

Ba<Sb<Zn<Cd<As<Pb 

 The soil profiles shows that metal 

concentrations are considerable 

lower when there are no visible 

glass wastes in the soil, which im-

plies that the majority of leached 

metals are retained in the waste 

pile.   

 Significant sorption is also sug-

gested by the low concentrations 

measured in the groundwater 

samples.  

 The theoretical dilution of landfill 

leachates in the groundwater zone 

cannot alone explain the decrease 

in metal concentration between 

the soil water and the groundwa-

ter. With exception for Sb and As, 

that seems to move relatively un-

restrained from the unsaturated 

zone to the saturated zone.  

The results indicate that there are 

sorption processes involved, pre-

venting or slowing down the trans-

port of the investigated metals 

through the unsaturated zone.  
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  Lys 1:30  Lys 1:60  Lys 2:30  Lys 2:60  Lys 5:60 

As  26  139  340  41  225 

Ba  102  447  1191  43  120 

Cd  462  896  594  123  180 

Pb  810  88  83  91  74 

Sb  234  3893  7705  3357  2554 

Zn   44  556  353  51  21 

Table 1. Ratios between median metal concentrations 
(membrane filtered samples ) and regional background 
concentrations in groundwater 


