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Upward flow reactors 

 3 weeks acclimation (ORP, S2-) 

20 weeks flow-through treatment 

Weekly sampling 

Tedlar bags… 
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Tedlar bags acted 

like ‘lungs’ 

 

Strong H2S smell 

during sampling 

events 

 

GC analysis… 
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What’s next ?! 

• Scanning Electron Microscopy (with EDS) 

 

• Sorption tests 

 batch experiments, pH control, 

modelling (?) 

 

• “Carbon species” extractions 

 EAS, cellulose - hemicellulose, lignin 



Conclusions 
Waste mussel shells are a sustainable and effective 

alternative to limestone in passive treatment systems. 
 

• Greater alkalinity generation 

• Better metal removal (e.g. Mn) 

• Greater nutrient and organic carbon source 
 

Long HRT resulted in a better overall treatment. 

Short HRT (i.e. mussel shells) was sufficient to 

remove > 80% metals and raise pH > 6 for more than 

40 weeks -> intermediate HRT ? 

 

Upward-flow design maintained reducing conditions 
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Substrate 
Mussel shells mix Limestone mix Recom. 

Porosity 0.51 0.49 0.35 - 0.65 

Ksat (cm/sec) 6.3 *10-2 9.7 *10-2 10-2 - 10-3 

nHRT(days) 
MS–Short MS–Long LS–Short LS-Long 

3.3 10 3.2 9.8 variable 

• 3 weeks batch-mode 
 Microbial population growth and acclimation 

period 
 

• 41 weeks flow-through experiment 
 weekly sampling of influent, effluent and pore-

water 



  Al Fe Mn Ni Cu Zn Cd SO4
2- pH 

Recreational 

purpose values 
0.2 0.3 0.1 1 5 0.1 0.005 400 6.5-8.5 

Trigger values 

(80% protection) 
ID ID 3.6 0.0025 0.03 0.0017 0.0008 n/d n/d 

Median effluents 

MS-S 0.08 1.85 10.16 0.1685 0.0258 0.0204 3.86E-05 1483 6.5 

MS-L 0.04 0.66 6.70 0.0449 0.0203 0.0175 1.75E-05 1333 6.8 

LS-S 0.19 2.62 11.88 0.1955 0.0375 0.0433 5.12E-05 1486 6.4 

LS-L 0.08 1.53 8.69 0.1805 0.0279 0.1668 3.34E-05 1319 6.5 

Water Quality Guidelines 

ID = insufficient data 
n/d = not defined TV = in-stream concentrations 



AMD (influent) 
465 

MS-Short HRT - -70 
MS-Long HRT - -216 

LS-Short HRT - -115 
LS-Long HRT - -199 

-400

-200

0

200

6 11 16 21 26 31 36 41

P
.W

. 
O

R
P

  
(m

V
) 

Time (weeks) 



60

70

80

90

100

6 13 20 27 34 41

F
e
 r

e
m

o
v
a
l 
(%

) 

Time (weeks) 

MS-Short HRT - 90.9%   
MS-Long HRT -  95.2% 

LS-Short HRT - 83.9%   
LS-Long HRT - 90.6% 



AMD (influent) MS-Short HRT 
MS-Long HRT 

LS-Short HRT 
LS-Long HRT 

0

500

1000

1500

2000

6 11 16 21 26 31 36 41

E
ff

. 
S

u
lf

id
e
 (

u
g

/L
) 

Time (weeks) 



AMD (influent) LS-Short HRT 
LS-Long HRT 

MS-Short HRT 
MS-Long HRT 

0

2

4

6

8

10

12

22 25 28 31 34 37 40

P
h

o
s

p
h

a
te

 (
m

g
/L

) 

Time (weeks) 

0

50

100

150

200

22 25 28 31 34 37 40

Time (weeks) 

Effluent Pore-water 



AMD (influent) LS-Short HRT 
LS-Long HRT 

MS-Short HRT 
MS-Long HRT 

0

2

4

6

8

22 25 28 31 34 37 40

N
it

ra
te

 (
m

g
/L

) 

Time (weeks) 

0

2

4

6

8

22 25 28 31 34 37 40

Time (weeks) 

Effluent Pore-water 



AMD (influent) LS-Short HRT 
LS-Long HRT 

MS-Short HRT 
MS-Long HRT 

0

20

40

60

80

100

120

140

24 26 28 30 32 34 36 38 40

T
O

C
 (

m
g

/L
) 

Time (weeks) 

Effluent 



Pseudo-total 


