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Abstract
� is study focuses on the development of low-tech remediation methods using local 
residue materials – shrimp shells from the � shing industry and crushed concrete from 
the construction industry. � e mobility of selected trace elements was compared based 
on batch and column leaching studies, where the waste rock was mixed with the residue 
materials. � e batch leaching results showed that both concrete and shrimps were able 
to decrease the leaching of Pb and Zn. � e column study showed that concrete was not 
a satisfactory candidate to immobilize Pb and Zn from a long-term of view. 
Keywords: Batch leaching test, Column leaching test, Concrete, Heavy metals, Mine 
Drainage, Shrimps, waste rock 

Introduction  
Cryolite has the chemical formula Na3AlF6 
(sodium hexa� uoroaluminate) and is used 
in the Hall-Héroult process for production of 
aluminum, where it works as a catalyzer and 
lowers the melting point of aluminum oxides 
from 2072 °C to 1012 °C. Ivittuut in southern 
Greenland had the biggest known cryolite de-
posit, which was mined from the middle of 
the 18th century until 1962, where the mine 
was closed, since arti� cial cryolite took over 
the market. 

� e mine pit is placed adjacent to a large 
� ord system, and a series of environmental 
site investigations in the early 80’s revealed 
high concentrations of particularly lead and 
zinc in sediments, sea weed, blue mussels, 
dust and lichens, but not in samples of � sh 
and shrimps. � e most signi� cant increases 
were found for lead and zinc in organisms liv-
ing in the tidal zone (sea weed and blue mus-
sels). � e investigations showed, that waste 
rock used for building the quay area was the 
main source of leaching of metals. � e area is 
highly in� uenced by tidal water with an am-
plitude of more than 4 m, and at each tidal 
cycle sea water is sieving through the quay 
area and dissolving lead and zinc minerals in 
the waste rock and leaching the metals to the 
� ord system. It was estimated that 1-3 kg of 
lead was entering the � ord every day giving 
an annual impact of the � ord of 400-1000 kg 
lead (Johansen et al. 1995; Bach et al. 2014).

In Greenland, logistics is challenging, due 
to climatic conditions and very limited road 
network. It also means that the mining indus-
try in Greenland can be economically chal-
lenged, due to high transport costs, and the 
fact that most goods are shipped to Green-
land from Denmark. 

Shrimp shells generated from the Green-
landic � shing industry have been either dis-
charged with the waste water, used for animal 
feed production or production of shrimp 
� our. Shrimp shells contains 40-50% proteins 
and 15-25% chitin. Chitin is a polysaccharide 
and is considered to be one of the most abun-
dant renewable biopolymers (Anastopou-
los et al. 2017). Several studies have shown 
that shrimp shells are capable of removing 
metals from aqueous solutions either by ad-
sorption on chitin (Karthikeyan et al. 2005; 
Forutan et al. 2016; Karthik et al. 2015) or by 
precipitation with sul� de, where the chitin 
work as substrate for microbial reduction of 
SO4

2- to S2- which may precipitate a number 
of heavy metals: Me2+ (aq) + S2- (aq) � MeS (s) 
(Daubert & Brennan 2007, Robinson-Lora & 
Brennan 2008, Sinziana et al. 2001).

Concrete residue is generated from the 
construction industry when demolishing 
buildings, concrete structures etc. � e con-
crete waste product is a basic material due to 
the presence of hydroxide ions, and its immo-
bilization of heavy metals in the waste rock 
by the increase of pH due to cement amend-
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ment is well documented (Sephton and Webb 
2017).

� e purpose of this study was to inves-
tigate the use of local residue materials to 
minimize the leaching of metals from mining 
waste products. It was tested if amendment of 
waste rock with shrimp shells could decrease 
the leaching of metals, and it was tested if 
amendment of waste rock with crushed con-
crete would decrease the mobility of some 
metals.

Methods 
Waste rock (WR) material was collected at 
the quay area in Ivittuut. � e material was air 
dried and crushed to <4 mm. Shrimp shells 
were delivered by a local shrimp factory. � e 
shells were freeze-dried. Crushed concrete 
was obtained from a recycle center in Den-
mark. � e leachant was sea water collected 
from the Nuuk � ord system. Water was col-
lected every 2 weeks at the same site and at a 
depth of 50 m. A� er collection the water was 
� ltered to 1.2 µm and stored at 5°C with con-
tinuously air supply.

Batch leaching tests were performed as 
24-h shake � ask tests according to a modi-
� ed ASTM D3987 method, using 250 mL PE 
bottles with 100 ml sea water and 10 or 10+1 
g solid. � e bottles were placed on a shaking 
table at room temperature (21 °C). Column 
leach tests were performed according to a 
modi� ed ISO/TS 21268-3 standard method. 
� e columns were constructed from acrylic 
plastic tubes (PPMA) with an internal di-
ameter of 50 mm and a length of 35 cm. � e 
leachant � owrate was set to 12 ml/h. pH, re-
dox, conductivity, dissolved oxygen (DO) and 
temperature was measured using a YSI pro-
fessional Plus multiparameter instruments. 
See table 1 for composition of the tests. 

Chemical analysis were performed at an 
accredited laboratory (Euro� ns, DK)

� e directly measured elemental values 
in mg/L for the batch and column leaching 
results was converted to be mg/kg WR taking 
into account of the L/S ratio for further mass 
balance calculation.

� e X-ray di� raction analysis (XRD) 
analysis was performed on a Panalytical 
X’Pert Pro di� ractometer at a commercial 
laboratory Actlabs, Canada. � e XRD analy-
sis was performed for the raw WR, raw con-
crete, and 6 residues obtained from the col-
umn test (WR−C01, C02; shrimps amended 
WR samples − C03 vs C04; concrete amended 
WR samples − C05 vs C06. Top and bottom 
indicate the position in the column where 
the samples were taken for XRD analysis). A 
portion of each pulverized sample was mixed 
with corundum (as an internal standard). � e 
amount of the crystalline minerals were re-
calculated based on a known percent of co-
rundum. 

Results and discussion
Raw materials
� e chemical analysis showed that in the raw 
WR, Pb and Zn level was 0.06 % and 0.53 % of 
dry weight (DW), respectively (Table 2). � e 
variation of these trace elements was typically 
high representing the heterogeneous of the 
waste rock. In shrimps the Pb and Zn level 
accounted for only <0.0003 % and 0.002 %, 
respectively when compared with that of the 
raw WR. � e content of total organic carbon 
(TOC) in the shrimps was 22 %, which was 
more than 3000 times higher than that in the 
WR. � e TOC level in the WR and concrete 
was low (0.4−0.7 %).

Table 1 Composition of batch tests (n=3) and column test.

Batch WWR (g) Wshrimps (g) Wconcrete (g) Column WWR (g) Wshrimps (g) Wconcrete (g)

B01 10 - - C01+C02 1250 - -

B02 - 1 - C03+C04 660 70 -

B03 - - 1 C05+C06 1120 - 125

B04 10 1 -
B05 10 - 1

8_Migitation BOOK.indb   530 9/3/18   12:23 PM



11th ICARD | IMWA | MWD Conference – “Risk to Opportunity”

531Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)

Batch leaching results
� e eluate from WR was of neutral pH (B01), 
however the eluate from the shrimps and 
concrete was slightly alkaline (8.7−9.2) (Table 
3). � e eluate from amended samples (B04, 
B05) had slightly higher pH than that from 
the WR sample. Dissolved oxygen (DO) was 
much lower in the tests containing shrimps, 
which implies that degradation of organic 
matter was going on. � e EC values in the 
raw samples was in quite similar level with 
respect to WR, shrimps and concrete. 

� e leached Pb and Zn from the WR sam-
ples was 13.3 mg/kg and 2.8 mg/kg, which 
accounted for 2.2 % and 0.053 % of the to-
tal content of Pb (600 mg/kg) and Zn (5257 
mg/kg) in the WR (Table 1), respectively. 
� e leached Pb and Zn from the raw shrimps 
and concrete was much lower than that from 
the raw WR. � e leached Pb level from the 
raw WR was more than 200 times that of the 
Pb leaching from the shrimp amended WR 
sample and more than 300 times that of the 
concrete amended WR sample. Similarly, 
the leached Zn level from the raw WR was 
15 and 44 times the leached zinc level from 
the shrimps- and concrete amended WR 
samples. � e batch leaching results revealed 
the dramatic e� ect of shrimps and concrete 
in immobilization of Pb and Zn. 

Column leaching results
� e column tests showed that the cumulated 
level of Pb at L/S ratio 10 (v/w) in WR (C01 
vs C02), shrimps amended (C03 vs C04) and 

concrete amended (C05 vs C06) samples was 
42−55, 0.48−2.4 and 67−98 mg/kg, respec-
tively (Figure 1). 

� e cumulated level of Zn at L/S 10 in 
the WR, concrete amended- and shrimps 
amended samples was 57−64, 2.4−7.6 and 
140−220 mg/kg, respectively (Figure 1). � e 
results clearly demonstrated a trend and pla-
teau when the leachant was going through the 
materials packed in each individual column. 
Based on the column leaching test, amend-
ment of the WR with shrimps showed a large 
e� ect on the immobilization of Pb and Zn. 
In contrast, the concrete amended WR sam-
ples showed higher leached level of Pb and 
Zn. Opposite to the batch leaching results, 
the column results suggested that the WR 
amended with concrete was not a promis-
ing method in the immobilization of Pb and 
Zn in the WR. An average leached Pb at L/S 
10 in the columns was calculated to be 48.5, 
1.44 and 82.5 mg/kg for the sole WR, shrimps 
amended WR and concrete amended WR 
sample, respectively, which was correspond-
ing to 8.1 %, 0.24 % and 13.8 % of the total 
content of 600 mg/kg Pb (Table 1) in the raw 
WR. Similarly, the average leached Zn at L/S 
10 was calculated to be 60.5, 5.0 and 80 mg/
kg for WR, shrimps amended- and concrete 
amended sample, respectively, which was 
corresponding to 1.1 %, 0.1 % and 1.5 % of 
the total content of 5257 mg/kg Zn (Table 2) 
in the raw WR. 

Eluate from the shrimp amended col-
umns had a very low DO content and a very 
low ORP (Figure 2), compared to the other 

DW (%) Pb (mg/kg DW) Zn (mg/kg DW) TOC (%)

Waste Rock 100.0±0 600±286 5257±6798 0.68±0.09

Shrimps 91.3±0.6 3.0±0.0 20.0±1.7 22.0±0.0

Concrete 91±0 7.8±0.7 500±61 0.4±0.1

Table 2 Chemical composition of raw waste rock, shrimps and concrete samples.

Table 3 Physicochemical characterization and mobilized elements in eluate from batch test.
pH DO (mg/L) EC (µS/cm) Pb (µg/kg) (n=3) Zn (µg/kg) (n=1)

B01 WR 6.5±0.0 5.1±0.1 42931±266 13333±577 2800

B02 Shrimps 8.7±0.1 0.2±0.3 44316±474 61.3 ± 51.1 200

B03 Concrete 9.2±0.0 4.0±0.3 44877±400 36.7±8.3 200

B04 WR + shrimps 7.7±0.4 0.0±0.1 37618±6122 209.4 ± 178.4 63.6

B05 WR + concrete 8.0±0.0 5.1±0.3 42904±674 136.4 ± 53.7 190.9
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columns, which as it was the case in the batch 
test implies degradation of organic material. 
For most of the measurements, the highest 
pH was found in the shrimp amended col-
umns, while the amendment with concrete 
only had limited e� ect on the pH compared 
to the sole WR. � e conductivity in the elu-
ate was high, due to the use of sea water as 
leachant, and generally the measurements 
were relatively stable with a minor increase at 
L/S 1 0.

Figure 1 Cumulated leaching of Pb and Zn from the column test
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Figure 2 Physical/chemical parameters from the column test
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XRD results
� e XRD analysis revealed that quartz (SiO2) 
(44.3−61.3 %, data not shown) and cryolite 
(31.2−41.9 %) were the most abundant min-
erals in all the tested samples. Siderite was 
detected in most samples (4.4−7.3 %) (Table 
4). Muscovite (KF)2(Al2O3)3(SiO2)6) (0.9−2.0 
%) was identi� ed in the raw WR and a few 
amended samples. Plagioclase (3.0-6.9 %) was 
not detected in the control, shrimp- and con-
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crete amended WR. Sphalerite (≤ 0.2 %) and 
galena (≤ 0.4 %) was detected only in few sam-
ples. Amorphous mineral (26.1 %) was solely 
detected in the raw concrete sample (data 
not shown). Apatite (Ca5(PO4,CO3)3(OH,F) 
(≤ 2.8 %) was detected only in one of shrimp 
amended column (data not shown), implying 
that microbial activities were on-going in the 
column, similar to that described by Briggs 
and Kear (1994). Calcite (CaCO3) (6.4 %) was 
detected only in the raw concrete.

General consideration
Previously Johansen et al. (1995) reported 
that the WR in the mining area consists of 
trace amount (0.29 %) of pyrite (FeS2), ZnS 
(0.3 %) and PbS (0.25 %). In the present 
study, however pyrite is not detectable in the 
raw WR. � e sulfur containing minerals are 
ZnS and PbS (Table 4), which are non-acid 
producing sul� de minerals while pyrite is 
acid generating (Dold 2003). 

At pH 6−8.5 and Eh in the range of -0.6 
to 0.2 v (Figure 2) which are measured in 
the present study, following the geochemi-
cal behavior of elements between aquatic and 
solid phases (Takeno 2005), it � nds that the 
predominant Pb species is Pb2+ or Pb(OH)+, 
and the predominant Zn species is Zn2+ and 
Zn(OH)2(aq). 

Table 4 Mineral abundances (%) for the raw materials and residues from column leaching test

Mineral Cryolite Siderite Plagioclase Sphalerite Galena

Chemical formula Na3AlF6 FeCO3 NaAlSi3O8 to CaAl2Si2O8 ZnS PbS

Columns after L/S10

CO1 39.3 7.1 n.d. 0.2 0.2

CO2 41.5 6.9 n.d. 0.2 0.1

CO3 top 37.5 7.3 n.d. 0.2 n.d.

CO3 bottom 36.3 7.1 n.d. n.d. n.d.

CO4 top 36.7 4.4 n.d. n.d. 0.4

CO4 bottom 31.2 4.8 n.d. n.d. n.d.

CO5 34.6 6.2 3.0 trace n.d.

CO6 38.2 6.5 3.2 n.d. n.d.

Raw material

WR 41.1 6.9 5.6 trace n.d.

Concrete n.d. n.d. 6.9 n.d. n.d.

WR + concrete 41.9 6.8 4.4 n.d. n.d.

WR + shrimp 35.1 7.2 n.d. 0.2 n.d.

WR= waste rock. n.d. = not detected

� e addition of nutrients e.g. P to WR 
due to amendment of shrimp with WR led to 
the formation of minerals, e.g. apatite, simi-
lar to that mechanism described by Porter et 
al. (2004). Ca compounds are abundant in 
concrete. � e high level of Ca compounds 
is generally considered to be e�  cient for the 
Pb immobilization (Kumpiene et al. 2008). 
However, this was not the case for the con-
crete amended WR in the column test, and 
the reason remains unclear.

� is study has shown, that shrimps can 
minimize the leaching of metals from waste 
rock. It was not determined, if it was due to 
adsorption on chitin or due to precipitation 
with sul� de, but the work is still ongoing. 
Future work will also investigate long-term 
capacity of the shrimp amended waste rock. 

Conclusions
� e batch leaching results showed that both 
concrete and shrimps were feasible to use 
in immobilizing of Pb and Zn. � e column 
leaching results demonstrated clearly that 
shrimps was a good candidate in immobili-
zation of Pb and Zn. However, the column 
study showed that concrete was not a satisfac-
tory candidate to immobilize Pb and Zn from 
a long-term perspective, which might be due 
to the change of pH value in the system. � e 
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total chemical content of Pb (0.06 %) and Zn 
(0.52 %) in the raw WR sample agreed well 
with the XRD results, of which the mineral 
abundance of galena and sphalerite for the 
raw WR sample was undetectable, while it 
was in trace amount in some of the amended 
samples, which clearly showed a low level of 
these minerals. Low dissolved oxygen in the 
shrimps amended batch, and the formation 
of apatite in a column with shrimps amended 
sample implied that microbial activities were 
involved in the leaching process, though a 
more speci� c investigation is needed to con-
� rm this.
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