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Towns in the v i c i n i t y  of base metal smelters are subject to 
contamination from atmospheric f a l l ou t  containing heavy metals. 
Many smelters have been in operation for decades, and have resul-  
ted in substantial accumulation of metals in the surrounding so i ls .  
Metal contamination of edible vegetation near mines and smelters 
has been the source of health concerns in a number of countries 
(Jennett et al. 1977). 

One smelter that has operated for more than hal f  a century is 
located at Fl in Flon, Manitoba. Smelting a c t i v i t i e s  in Fl in Flon 
have been associated with a decline in the native vegetation 
surrounding the town. Deer mice trapped near the smelter have been 
shown to contain increased t issue levels of copper, lead and 
arsenic, and elevated hemoglobin concentrations. Background levels 
of these elements in t issues were not reached unt i l  approximately 
40 km from the stack (Manfreda and Sabesky 1987). However even at 
th is  distance, background levels in blueberries have been reported 
to exceed the average Canadian level of 0.05 ~g/g wet weight 
(McEachern and Ph i l l i ps  1983). 

Many Fl in Flon residents u t i l i z e  home vegetable gardens year a f ter  
year. However l i t t l e  is known regarding heavy metal contamination 
of loca l l y  grown garden produce. Since food can contr ibute as much 
as 90% of to ta l  body uptake of metals (Ewing and Pearson 1974), i t  
is important to i den t i f y  any sources which may account for  a d is -  
proportionate share. The object ive of the present study was to 
examine concentrations of cadmium, copper and lead in so i ls  and 
garden produce in the v i c i n i t y  of the Fl in Flon smelter. 

MATERIALS AND METHODS 

Fl in Flon (population ca. 8,000) is located on the Manitoba- 
Saskatchewan boundary at approximately 55~ I02~ The area l ies  
on the Precambrian Shield and surface soi l  is thin and patchy. 
Sulphide ores of copper, zinc, s i l ve r  and gold have been mined and 
smelted in the Fl in Flon region since 1930. The smelter is located 
on the west side of the town. A 250 m stack was constructed in 
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1974. Pr ior  to th is  time, emissions were discharged from a stack 
<30 m high. Average atmospheric emissions of sulphur dioxide 
between 1950 and 1985 have varied from 724 to 872 tons per day, 
whereas par t icu la te  emissions ranged from an annual average of 
11.5 to 43.4 tons per day between 1981 and 1985 (Manfreda and 
Sabesky 1987). The composition of the l a t t e r  is dominated by zinc, 
followed by iron and lesser quant i t ies of lead, copper, aluminum, 
magnesium, arsenic, cadmium, manganese, selenium, nickel,  chromium 
and cobalt. Wind in the area predominates from the northwest to 
northeast d i rect ions at an average annual speed of I I . I  km/hr, and 
prevai ls from the smelter toward the town 34% of the time 
(Manfreda and Sabesky 1987). 

Samples were harvested from home gardens at the end of the 1989 
growing season at 12 locations ranging from 0.29-12.8 km northeast 
to southwest of the smelter (Fig. I ) .  The var ie ty  of produce grown 
in the area is small, and samples consisted of crops that  were 
avai lable in each par t i cu la r  garden. The samples were washed 
thoroughly in Fl in Flon dr inking water (which or ig inates from 
C l i f f  Lake, 1 km north of the town), then frozen and freeze-dried. 
The t issues were pulverized using p las t ic  and sta in less steel 
utensi ls .  For root crops, only i n t e r i o r  portions were used. 
Samples of the top I0 cm of garden soi l  were col lected in p las t ic  
containers and freeze-dried. 

Values for  each sample were means of 3 repl icates of 1.0 g each. 
Each rep l icate was digested by heating below boi l ing for  1 hr with 
7.5 mL concentrated n i t r i c  acid and 1.5 mL 70% perchlor ic acid, 
then cooling and adding I0 mL I% n i t r i c  acid. The material was 
f i l t e r e d  through Whatman No. 541 hardened ashless f i l t e r  paper, 
and the f i l t r a t e  was made up to 30 mL with I% n i t r i c  acid, and 
aspirated into a lean air-acetylene flame in an atomic absorption 
spectrophotometer (Model ILl51, Instrumentation Laboratory Inc., 
Wilmington, Mass.). The standard addit ions method was used for  a l l  
samples in order to compensate for  matrix absorption ef fects .  
Additions of ce r t i f i ed  metal standards (Fisher Sc ien t i f i c  Co., 
Ottawa, Ontario) were made pr io r  to i n i t i a t i o n  of digest ion. 
Controls consisted of a l l  steps and reagents in the procedure less 
the sample material .  Al l  glassware was acid-washed pr io r  to use. 

RESULTS AND DISCUSSION 

Ranges of soi l  concentrations are summarized in Table I. Concentra- 
t ions decreased s i gn i f i can t l y  with increasing distance from the 
smelter for cadmium ( r  : -0.76, p = 0.008), copper ( r  = -0.74, p : 
0.011) and lead ( r  : -0.78, p : 0.006). Soils known to have been 
supplemented from outside the Fl in Flon area were excluded. The 
best f i t  was achieved when both distance and metal concentrations 
were log transformed. Al l  metals were strongly in tercorre la ted in 
so i l  (Cd-Cu r = 0.98, p<O.O01; Cd-Pb r = 0.95, p<O. O01; Cu-Pb r = 
0.99, p<O.O01). 

The observed gradient in soi l  concentrations supported the f indings 
of McEachern and Ph i l l i ps  (1983), who found an exponential decrease 
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Figure I. D is t r ibu t ion  of home gardens sampled with respect to the 
location of the smelter at Fl in Flon, Manitoba. 

of lead concentrations in the surface soi l  with increased distance 
from the Flin Flon smelter, and of related studies on deposition 
of a number of metals on snow in the region (reviewed in Manfreda 
and Sabesky 1987), Van Loon and Beamish (1977) reported s imi lar  
exponential re lat ionships for zinc, copper and sulphate in the 
surrounding lakes. 

In some instances, gardeners had replaced or augmented the i r  native 
so i l  with material imported from outside the area, and the d i lu t ion  
e f fec t  on metals was apparent. For example, a garden located 0.29 
km from the smelter yielded values of 13, 332, and 538 ~g/g dry 
weight for  cadmium, copper, and lead respect ively in unreplaced 
native so i l ,  and 5, 29, and 84 ~g/g in an adjacent plot  where soi l  
had been brought in from The Pas area (located about I I0  km to the 
southeast) I0 years previously. 

Produce samples showed substant ial  var ia t ion in metal concentra- 
t ions (Table I ) ,  and such var ia t ion has been noted in other smelter 
town studies as well (e.g. Jennett et al. 1977), When a l l  produce 
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samples were pooled, s i g n i f i c a n t  pos i t ive  cor re la t ions  were 
observed among a l l  three metals in p lant  t issue as a whole (Cd-Cu 
r = 0.67,  p<O.O01; Cd-Pb r : 0 .63,  p<O. O01; Cu-Pb r : 0 .97,  
p<O.O01). Distance from the smelter ( log transformed) was re la ted  
s i g n i f i c a n t l y  and inverse ly  in pooled samples with p lant  concen- 
t ra t ions  (untransformed) of cadmium ( r  : -0 .44 ,  p : 0 .004)  and 
lead ( r  : - 0 .37 ,  p = 0 .015) ,  while copper y ie lded a s l i g h t l y  
be t te r  f i t  when both concentrations and distance were log t rans -  
formed ( r  : - 0 .52 ,  p : 0 .001 ) .  
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When samples were grouped i n t o  below ground and f r u i t i n g  par ts  
r e s p e c t i v e l y  (Table I ) ,  r e l a t i o n s h i p s  between metal concent ra t ions  
and d is tance w i t h i n  each group were inverse but not s i g n i f i c a n t ,  
due to the large v a r i a t i o n  of  values, w i th  the except ion o f  a 
s i g n i f i c a n t  ( r  = -0.45,  p = 0.045) inverse c o r r e l a t i o n  between 
cadmium and d is tance f o r  below ground par ts  (both va r i ab les  log 
t ransformed) .  Leafy par ts  showed a s i g n i f i c a n t  inverse c o r r e l a t i o n  
w i th  d is tance f o r  copper ( r  = -0 .67,  p = 0.049).  

Other workers have found decreasing l eve l s  of  lead wi th  inc reas ing  
d is tance in na t i ve  b lueber ry  p lants  (McEachern and P h i l l i p s  1983) 
and immature pine (Pinus banksiana) cones (Hogan and Wotton 1980 
in Manfreda and Sabesky 1987) in the F l i n  Flon area. 

In below ground par ts ,  none o f  the metals were s i g n i f i c a n t l y  
co r re l a ted  wi th  each o ther  in the group as a whole, nor were they 
co r re l a ted  in i n d i v i d u a l  crops, where s u f f i c i e n t  numbers o f  
samples were a v a i l a b l e  fo r  comparison ( i . e .  potatoes and c a r r o t s ) .  
In f r u i t i n g  par ts ,  cadmium and copper were s i g n i f i c a n t l y  
c o r r e l a t e d  wi th  each o ther  ( r  : 0.86, p<O.O01), as were copper and 
lead ( r  = 0.64, p = 0.012).  However in leaves, a l l  th ree  metals 
were i n t e r c o r r e l a t e d  (Cd-Cu r = 0.82, p = 0.011; Cd-Pb r = 0.83, 
p = 0.011; Cu-Pb r = 0.99, p<O.O01). 

In most cases, metal concent ra t ions  in so i l  were h igher  than in 
p lan t  t i ssue .  Any except ions were c o n s i s t e n t l y  w i th  l e a f  t i ssue .  
T i ssue / so i l  r a t i o s  showed much v a r i a t i o n  among s i t es  and crops. 
For cadmium, these r a t i o s  var ied  from 0.26 to 0.95, copper 0.03 to 
0.64, and lead 0.01 to 0.72. D i f fe rences  in r a t i o s  were not s i g n i -  
f i c a n t  among d i f f e r e n t  p lan t  par ts ,  a l though leaves showed the 
h ighest  average r a t i o s .  When a l l  p lan t  samples were pooled, metal 
l eve l s  in t i s sue  were c o r r e l a t e d  s i g n i f i c a n t l y  wi th  so i l  concen- 
t r a t i o n s  f o r  cadmium ( r  = 0.51, p = 0.008),  copper ( r  = 0.46, p = 
0.017) and lead ( r  : 0.36, p : 0.05) .  

P l a n t - s o i l  c o r r e l a t i o n s  have also been noted fo r  some crops by 
Koeppe (1977) and Wiersma e t  a l .  (1986). While cadmium and copper 
showed w e l l - d e f i n e d  r e l a t i o n s h i p s  w i th  d is tance in the present 
study, lead, al though s i g n i f i c a n t ,  was less r i g o r o u s l y  co r re la ted  
because of  o ther  p o t e n t i a l  sources fo r  t h i s  element, f o r  example 
veh i c l e  emissions, which were superimposed on the under ly ing  
g rad ien t  from the smel ter .  

I t  is i n t e r e s t i n g  tha t  t i s s u e / s o i l  r a t i o s  tended to increase wi th  
inc reas ing  d is tance,  and these r e l a t i o n s h i p s  were s i g n i f i c a n t  f o r  
pooled p lan t  samples f o r  copper ( r  = 0.46, p = 0.016) and lead 
( r  = 0.67, p<O. O01). S i m i l a r l y ,  when p lan t  par ts  were examined as 
groups, f r u i t i n g  and below ground par ts  each showed the same t rend 
fo r  copper ( r  = 0.92, p = 0.006; r = 0.62, p = 0.029) and fo r  lead 
( r  = 0.87, p = 0.012; r = 0.86, p = 0.001) r e s p e c t i v e l y .  Leaves d id 
not show a s i g n i f i c a n t  t rend.  No s i g n i f i c a n t  pa t te rns  were seen 
f o r  cadmium t i s s u e / s o i l  r a t i o s .  The increases wi th  d is tance fo r  
copper and lead t i s s u e / s o i l  r a t i o s  in f r u i t i n g  and below ground 
par ts  suggested t ha t  p r o p o r t i n a t e l y  less uptake occurred at h igher  
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soi l  concentrations. Cadmium was taken up to a greater extent 
than lead in re la t ion to soi l  concentration. 

Analysis of variance indicated that copper concentrations showed 
s ign i f i can t  differences (F = 8.31, p = 0.001) among plant parts 
(leaves, below ground structures, and f r u i t s ) ,  and a s imi la r  
resu l t  was obtained for lead (F = 9.40, p<O.O01). Student-Neuman- 
Keuls mul t ip le range tests showed that f r u i t i n g  and below ground 
parts each showed s i gn i f i can t l y  lower concentrations than leaves. 
While f r u i t i n g  structures showed lower values than below ground 
parts for both copper and lead, th is  di f ference was not s i g n i f i -  
cant. For cadmium, differences among parts were less pronounced 
(F : 2.98, p = 0.065), but leaves s t i l l  showed s i g n i f i c a n t l y  
greater concentrations than below ground parts. Within indiv idual  
groups, t - t es t s  showed no s ign i f i can t  dif ferences among various 
crops. 

The high metal values and lack of consistent pattern for  leaves 
with respect to soi l  concentrations may have been related in large 
part to aer ia l  deposition and the large surface area/volume ra t io  
of leaves. In rhubarb, leaf blades showed much greater concentra- 
t ions than the pet io les.  That metal concentrations tend to be 
highest in leafy vegetables or leafy parts of plants, and low in 
f r u i t i n g  parts, has also been reported elsewhere (e.g. Ewing and 
Pearson 1974, Fuchs et al.  1976, Jennett et al .  1977, Barudi and 
B ie l ig  1980, Wolnik et al.  1983, Wiersma et al .  1986). Wotton 
(1979) and McEachern and Ph i l l i ps  (1983) found that native blue- 
berr ies in the Fl in Flon area contain subs tan t ia l l y  lower concen- 
t ra t ions  in the f r u i t s  than in stems, leaves, or roots, and that 
woody perennial parts show the greatest accumulations. 

Studies suggest that lead is not translocated readi ly  from leaves, 
and no decline in lead content is observed a f te r  exposure and 
i n i t i a l  deposition (Carlson et al 1976). For th is  reason, Jennett 
et al.  (1977) suggested that tree leaves are sui table agents for  
monitoring extent of lead po l lu t ion  near smelters, pa r t i cu l a r l y  i f  
col lected at the end of the season when maximum deposit ion has 
occurred. 

While differences in accumulation among various crops have been 
reported (Wolnik et al.  1985), such dif ferences were not evident 
in the present study, as the ef fects of distance and soi l  concen- 
t ra t i on  appeared to be the most important. Addit ional factors may 
have contributed towards the great v a r i a b i l i t y  in metal content. 
For example, d i f fe ren t  cu l t i va rs  of the same crop may show 
d i f fe ren t  uptake rates under the same condit ions (Koeppe 1977, 
Wolnik et al.  1983), while d i f f e ren t  environmental condit ions may 
cause uptake to vary in a given crop, for  example phosphorus 
a v a i l a b i l i t y ,  soi l  pH, capacity of the soi l  to sorb metals 
(Koeppe 1977) and stress such as disease and drought. 
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