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ABsTRAcr 

An acid-arsenic sludge mixed with lime have been deposited in a landfill. 'Ib 

c k k  the ground water quality shallaw pipes were used for sampling. When an in- 
creased arsenic content w a s  indicated by this sampling, borebles were dril led which 
allowed sampling of soil and water a t  every meter throughout the 15 meter th ick  
layer of sand. The arsenic cmtent of the ground water was a &um of 2890 mg As/l 

and the lmst pH w a s  1.2. 'RE p l lu t ed  water m e s  along the bottan of the aquifer. 
'Ib reduce the polluted arm ground water is puqxd up for further treatment. For 
future checks on ground water multi-level monitoring pipes have been installed. 

INTmU(JI1ON 

An industrial waste which mainly consists of an acid-arsenic sludge mixed with 
lire has been deposited in a landfil l  situated in Sweden. The qround water 
qual i ty  has been c k k e d  since 1974 by samples fram check pipes. These are 
3 m long 2 inch pipes which penetrate only tk upper pmt of the aquifer, Fig.2. In 
the beginning of 1979 the concentration of arsenic suddenly increased in tk check 
pipe no I about 250 mters fran the landfill. An hydrogeological investigation of the 
area around the landfil l  was started in  May 1979, t o  explain the increased arsenic 
content. 

HYDI1M;MILoGICAL I"IG?iTION 
RJ determine the geological structure and the status of the ground water a to ta l  

of 19 b reb les  wre dril led around the landfil l  Fig. 1.  Tkm-inch perforated pipes 
*re driven through the entire aquifer of the quaternary deposit. Soil and water 
samples were taken a t  eveq mter. ?lac soil samples wre sieved and examined visually. 
Water samples were analyzed for pH, As and C l .  A typical result is sham in Fig. 4. 
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GE13LoGyAND H Y D R m m m  

The ground consists mainly of a 10-17 m thick layer of f ine sand. Underneath the 
sand is a thin layer, mostly less than 1 m, of boulder clay overlying the sedimentary 
rock of s t r a t i f i e d  s i l ts tone and claystone. The geology of the area is sham i n  Fig.2. 

The geological formations cons t i t u t e tm different aquifers. ?he sand layer forms 

an upper unconfined aquifer and the sedimentary rock forms a confined aquifer. They 
are separated frcm each other by the lowpenreable layer of boulder clay. 

is to the sea, Fig. 1. One of the boreholes all- m t o r i n g  of the piezometric 
pressure of the confined aquifer. The pressure at this p i n t  is about 0.4 m higher 
than the water table at  the  sam place. 

2 - 10-4m/s and a transnissivity T I 3 ' 10-3m2/s. The boulder clay has a very l o w  
hydraulic c d u c t i v i t y .  

The water table is about 2 meters below ground surface. The main ground w a t e r  flow 

The sand, which is very hawgeneous, has a hydraulic conductivity of about 

poLwlTIoN 

The f i r s t  siqn of omtamination of t k  ground w a t e r  w a s  that I3-e arsenic content 
of the water in one c h c k  p i n t  increased fran 0.6 to 88 mg As/l w i t h i n  4 mnths, 
fig. 3. 

of t k  polluted area. 
investigation with sampling a t  several levels gave a more detailed W u r e  

' The highest arsenic concentration was 2890 mg A s / l  and the lowst pH w a s  as low as 
1.2. High As-concentration w e r e  usually coupled with a l o w  pH. The highest As-concen- 
t ra t ion w a s  &sen& i n  the 1-r part of the unconfined aquifer and the p l l u t e d  
water seemed to m e  along the bottan of the a m i f e r  like a dense mass. A t  one p i n t  
the As-concentration could, a t  different  levels, range between the detection limit, 
0.01 mg &/l, and mre than 2000 mg &/l. 

The s i ze  of the @luted area is about 500 x 500 mters and the total mass 
of As i n  the  unconfined aquifer has been estimated a t  about 80 tons. 

The resul ts  of the investigations are presented i n  the ver t i ca l  sections i n  
Figs. 5 and 6. These sections s h  the values of the As- and C1-content and the pH. 
Ttg location of the sections can be seen fran Fiq. 1. From the sections it can be 
observed that the area is probably polluted from 
landfi l l .  The other is situated sawwhere between boreholes 3 and 12, and w a s  found 
to originatefmn an accidental discharge during the winter of 1978/79. It w a s  pro- 
bably this pollution which caused the increased Fs-ooncentration i n  one of the old 
check p i p s  i n  the beginning of 1979. 

different sources. Gne is the 
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"T OF THE POUU"ED WATER 

Due t o  the high content of dissolved solids the density of the pulluted water i s  
greater than tha t  of natural ground water and therefore it moves ver t ical ly  in the 
aquifer as w e l l  as horizontally with the ground water flow. The velocity of the 
polluted water is d i f f i cu l t  t o  calculate fran available information because the 
s t a r t i ng  point of the leachate is not known. Frcan regu1.ar observations it is evident 
tha t  tk pollution (As) moves noticeably Figs. 3 and 7. 

In Fig. 5 the contaminate can be observed reaching the sea. An upward f l m  due t o  
different  densit ies seans t o  force the p l l u t i o n  towards the water table before the 
outflow t o  the sea. The s a l t  w a t e r  edge acts a s  a barrier and prevents the main part 
of the polluted water frcin reaching the sea. Instead it moves along the coast. 

POLLW?IoN P?ONTMFUNG SYSTEM 

Tb check the movement of the polluted w a t e r  in the future, water smples can be 

taken fran the 19 exploration pipes. These p i F s  are only perforated half a meter in  
the b t tm  and therefore cannot allow sampling fran several different levels. Tb 

a l l m  this type of sampling multi-level monitoring wells were installed.  They con- 

sist of 2-inch ful ly  screened p l a s t i c - p i p  Fig.7. Water sampling is p x - f o d  by a 
s u h e r s i b l e  pmp (@ 30 mn) equipped with inflatable packers above and belm the 
intake. 

MEASURES To REDUCE POLWPTION 

It is of p a t  W r t a n c e  t o  stop the movwnt of polluted ground water along the 
coast. Multi-level sampling shmed that the concentration of arsenic increased 
rather quickly a t  the boundary of the @luted area. 

Tb reduce this unwanted f l m  of polluted water it was decided t o  p w  up contam- 
inated ground w a t e r  for  further treatment. Four 2-inch wells with a 2-mter screen 
at the bottcan of the unconfined aquifer were installed and have been punping since 
July 1980. The discharge rate  is 6-10mlh.The concentration of As i n  tk dis- 
charged water has decreased f m  800 mg As/l t o  400 mq As/l during four months. 
During this time a b u t  9 tons of arsenic have been removed fran the aquifer. The 
resul t  of this measure is sham i n  Fig. 7. The &-concentration has decreased from 
about 1000 mg As/l to 1 mg A s / l  i n  four mnths i n  a mnitoring w e l l  jus t  &side the 
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FIG 4 .  A typical result from the investigation.Boreho1e no 7. 
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F I G  5. P r o f i l e  A. 
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FIG 6 .  P r o f i l e  D. 
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1 - 79-10-10 4- 80-06-06 2- 79-11-21 ' 7 1  START OF 

PUMPING 3.- 79.12-06 8- 80- 10-23 80-07-01 

F I G  7 .  Resu l t s  from t h e  m u l t i - l e v e l  device  no 1 7 .  




