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AN ASSESSMENT OF THE GEOCHEMICAL VARIABILITY FOR PLANTS AND SOILS 
AND AN EVALUATION OF INDUSTRIAL EMISSIONS NEAR THE 

KENAI NATIONAL WILDLIFE REFUGE, ALASKA 

R. C. Severson, J. G .  Crock, and L. P. Gough 

Investigations on the Kenai Peninsula, including areas w i th in  the Kenal 
National Wild1 i f e  Refuge, had two major objectives: (1) t o  determine the 
f e a s i b i l i t y  o f  preparing maps showing regional trends f o r  elements i n  nat ive 
plants and soi ls ;  and, (2) t o  define possible element additions t o  the 
envirorment from industr ies north o f  the town o f  Kenai. The f i r s t  object ive 
was accomplished us1 ng an unbalanced, nested analysi s-of -variance (ANOVA) 
barbel 1 design. The second was accomplished by establ ishing three general l y  
west-to-east transects wi th  sample loca l  l t  ies  positioned a t  geometric 
in te rva ls  beginning 0.5 km away from the indust r ia l  complex. A t  each 
loca l i t y ,  samples o f  Hylocmium s lendens (feather moss, whole plant),  Picea 
qlauca (white spruce, twigs and -h and s o i l  horizons (02. 82, a n m  
were col lected and analyzed f o r  t h e i r  major and trace t o t a l  element 
concentrat ions. 

Results of  the barbel l  ANOVA show that  intensive s o i l  o r  p lant  sampling 
would be needed t o  r e l i a b l y  map the geochemistry of the area, ch ie f l y  because 
o f  the large loca l  v a r i a b i l i t y  found f o r  the concentrations of  most elements 
I n  the materials sampled. For example, producing re l iab le  element maps of 
feather moss using a 50-km c e l l  would require sampling densit ies o f  from 4 
samples per c e l l  f o r  aluminum, cobalt, iron, lanthanum, l i thium, and vanadium 
t o  more than 15 samples per c e l l  f o r  copper, lead, selen'fum, and zinc. 

Using gemet r i  c mans and geometric deviations, expected base1 i ne values 
were calculated f o r  elements which were above the l i m i t s  o f  determination i n  a 
su f f i c i en t  number o f  the barbel l  samples f o r  each o f  the sampling media. 
Baseline value ranges f o r  the 02-horizon samples compare very favorably wi th 
published values o f  Gough and others (1988) f o r  observed concentration ranges 
i n  Alaskan s u r f i c i a l  materials. 

Our study of possible indust r ia l  contamination revealed no strong trends 
i n  soi ls ,  but feather moss col lected on the north transect showed a 
logari thmic decrease wi th  increasing distance f o r  several elements, including 
aluminum, cobalt, sulfur, and vanadium. Comparison o f  the transect samples t o  
the expected ranges as calculated from the barbel l  study d i d  not show any 
obvious element out l iers,  w i th  the exception o f  su l fur  i n  some samples o f  
feather moss. For each o f  the three transects, s i x  samples exceeded o r  
equaled the upper baseline l i m i t  f o r  su l fu r  i n  feather moss. This i s  probably 
not due t o  sea spray e f fec ts  because the pattern o f  the stable isotopes o f  
su l fu r  i s  r e l a t i ve l y  f l a t  (Jackson and Gough, 1989). The cor re la t ion between 
elements i n  plants w i th  the s o i l  horizons show tha t  the feather moss had 
higher correlat ions than the white spruce, and the correlat ions are stronger 
f o r  the 02-horizon than the C-horizon f o r  both plants. There are numerous 
strong correlat ions between the feather moss and white spruce, possibly 
ind icat ing s imi lar  p lant  accumulation controls. 

Necrotic vegetation was observed close t o  the indust r ia l  complex. 
However, because there were not many strong direct ional  or  distance related 
features seen i n  the t o t a l  s o i l  chemistry, a mi ld  par t ia l -ex t rac t ion of the 



. s o i l s  was investigated. Selected samples of 02- and C-horizon s o i l s  were 
extracted wi th demineralized water and three extracted anions determined. The 
02-horizon samples had considerably higher values of chloride, sulfate, and 
n i t r a t e  than the companion C-horizon sample, There were several 02-horizon 
samples that  had very high n i t r a te  concentrations present. This high n i t r a t e  
content may be a resu l t  o f  n i t rous oxide, ammonia, o r  urea emissions from the 
indus t r ia l  complex. Further study would be required t o  confirm th is .  

The Kenai National Moose Range was established i n  1941 by President 
Roosevelt and was expanded t o  include almost 2 m i l l i o n  acres i n  1980 when the 
Alaska National Interest  Lands Conservation Act was enacted. This Act also 
changed the name o f  the Reserve t o  the Kenai National Wi ld l i fe  Refuge 
(KNWR) . This name more appropriately re f lec ts  the multifaceted 1 anduse o f  
the management area. KNWR i s  located on the Kenai Peninsula i n  southcentral 
Alaska, south o f  Anchorage ( f igure 1). KNWR i s  a very diverse area made up of 
lowland spruce-birch forests w l th  hundreds o f  lakes. The Kenai Mountains form 
the eastern boundary o f  the Refuge. 

Vegetation and organic-rich so i l s  have been used w i th  success t o  assess 
the inf luence o f  i ndus t r ia l  emissions [ f o r  example, Folkeson (1981), Godbeer 
and others (1981), LeSlanc and de Sloover (1970), Markert and Weckert (1989), 
Onianwa (1988), P i  legaard (1987), and Thomas and others (1984) 1. Folkeson 
(1981) used a feather moss (Pleurozium schreberi) t o  monitor heavy metal 
contamination resu l t i ng  from peat-f ired power fac i  li t i e s  i n  Finland. 
Increases i n  cadmium, copper, lead, vanadium, and zinc and a decrease i n  
manganese were observed downwind from the fac i  1 i ties.  This trend i n  manganese 
was a t t r ibuted t o  an increase i n  the su l fu r  dioxide i n  the plume gases close 
t o  these f a c i l i t i e s .  The solubi l i t y  (and the phyto-avai l ab i  li ty)  o f  manganese 
decreases as s o i l  pH decreases. Godbeer and others (1981) d id  a s imi lar  study 
using cleaned Sphagnum moss enclosed i n  f ine mesh envelopes placed on stakes. 
The moss was used as a b i omn i t o r  o f  trace element input from a power s ta t ion  
i n  New South Wales, Australia. Seasonal variat ions i n  the trace element 
contents of the moss were observed. S l igh t  decreases were noted as the 
distance from the power s ta t lon increased. Le Blanc and Sloover (1970) used 
the presence o r  absence of  various mosses and t h e i r  tolerances f o r  toxins as a 
method of mapping the long range ef fects of air  pol lut ion.  Polytrichum 
fomosum (moss) was sampled seasonally over three years by Markert and Weckert 

and also found strong seasonal variat ions i n  i t s  metal content. They m T  
proposed t ha t  t o  obtain comparable results, samples must be taken a t  the same 
t im of year, preferably i n  September. They also proposed tha t  moss would be 
an e f fec t ive  global m n i t o r i n g  medium f o r  a i r  pol lut ion. I n  Greenland f a r  the 
Ilimaussaq mafic intrusion, Hylocomiun splendens was used by Pilegaard (1987) 
t o  indicate the mineral izat ion seen i n  the country rock. Trends i n  heavy 
metals i n  the feather moss were mirrored i n  the substrate's geochemistry. 
Heavy metal concentrations i n  top so i l ,  l i t t e r  (humus layer of soi ls) ,  and 
masses were used by Onianwa (1988) t o  monitor a i r  po l lu t ion  i n  Nigeria. He 
found that  the mosses tended t o  have higher levels o f  metals than the s o i l  
materials, but a l l  three media were e f fec t ive  monitors o f  aer ia l  deposition o f  
heavy metals. Thomas and others (1984) demonstrated tha t  various trees, both 
deciduous and coniferous, and s o i l  l i t t e r  were a l l  suitable monitors f o r  both 
man-made organic compounds and heavy metals resul t fng from aer ia l  deposition 
from an indus t r ia l  area i n  Sweden. They also suggest that  contamination 
leve ls  observed i n  mosses and lichens may be used t o  predict  the po l l u t i on  
levels i n  higher vegetation. 



The two object ives o f  the reconnaissance sampling o f  soi  1s and nat ive  
vegetation, completed between August 1 and August 12, 1988, were: (1) t o  
determine the  feas ib i  1 i t y  o f  preparing geochemical maps showing regional 
trends f o r  elements i n  na t ive  p lants and soi ls ;  and, (2) t o  def ine possib le 
element addi t ions t o  the environment from an i n d u s t r i a l  complex nor th o f  the 
town o f  Kenai. The f i r s t  object ive was accomplished by use of an unbalanced, 
nested analysi  s-of -variance (ANOVA) design o f  the barbel 1 type (Fig.2). 
Results o f  the ANOVA were interpreted t o  assess spat ia l  v a r i a b i l i t y  over 
increments o f  distance i n  order t o  a r r i v e  a t  an estimate f o r  a g r i d  i n t e r v a l  
necessary t o  most e f f i c i e n t l y  map element concentrations i n  s o i l s  and plants. 

Samples of feather moss clumps (H locomium s lendens (Hedw.) BSG), whi te 
spruce twigs and needles Pi cea 9l a u c a - V h  sol 1 horizons were t- co l lec ted a t  each barbel 1 ocation. Two samples o f  elderberry twigs and 
leaves (Sambucus c a l  l i ca rpa  Greene) were col lected also. Only the 02- and 82- 
horizons were sampled f o r  the  spat ia l  v a r i a b i l i t y  study. 

The second ob jec t ive  used 109-1 inear transects away (down-wi nd) from t he  
i n d u s t r i a l  complex a t  Kenai, Alaska t o  assess t race elements and su l fu r  
addi t ions t o  the environment resu l t i ng  from a i r  emissions. Along l i n e a r  
transects, a t  logar i thmic in tervals,  samples o f  the  02-, 82-, and C-hori tons 
and vegetat ion (same as i n  the barbel l  study) were col lected. 

Sarpling Design 

General Considerations 

General sampling locat ions f o r  the  landscape var iab i  I i t y  and i n d u s t r i a l  
emissions studies were predetermined based on a set o f  sample s i t e  c r i t e r i a ,  
and placed on U.S. Geological Survey 15-minute topographic maps. Once i n  the  
f i e l d ,  a l l  sampling s i t e s  were subject t o  re locat ion  based on f i e l d  
observations and access1 b i  1 i ty .  

Landscape Vari  ab i 1 ity 

An unbalanced, nested, analysis-of-variance design was used t o  assess 
s p a t i a l  v a r i  abi 1 i t y  over increments o f  distance f o r  element content o f  feather  
moss, whi te spruce, and 02- and C-horizons o f  so i l .  S i tes  f o r  sampling were 
located using a barbe l l -c lus ter  design (Fig. 2). The major ax is  of the 
barbel 1 was posit ioned i n  a general north-south o r ien ta t i on  t o  correspond t o  
the  geometry o f  the Refuge boundaries. The four  minor axes were or ien ted w i t h  
the  const ra in t  t h a t  the  s i t e s  be accessible by road, The f i v e  axes shown 
(Fig. 2) represent distances of 50 km, 25 km, 5 km, 1 km, and 0.1 km. Samples 
o f  p lan ts  and s o i l s  were col lected a t  24 locations, 16 o f  which are shown i n  
f i g u r e  3. A t o t a l l y  balanced sampling design would have resu l ted  i n  32 
sampling locat ions. The unbalanced sampling design i s  i l l u s t r a t e d  by a 
dendrogram i n  f i g u r e  2. 

I r d u s t r i a l  Emissions 

Three transects were established t o  assess element addit ions t o  the  
envirorment from the i n d u s t r i a l  complex a t  Kenai, Alaska. The Unocal ammonia 
p l a n t  was chosen as the  s t a r t i n g  po in t  f o r  the  transects. From t h i s  point ,  
t ransects t h a t  progressed, general ly i n  north, east, and south d i rec t i ons  were 



establ ished wi th  log-1 inear sampling i n te rva l s  o f  approximately 0.5, 1, 2, 4, 
8, 16, 32, and 64 km. Locations o f  samplIng s i t e s  are shown I n  f i g u r e  3. A t  
each s m p l  i ng  s i te ,  feather mss, white spruce, and 02-, El-, and C-horizons of 
so i  1 were co l lec ted f o r  t race and major element analysis. 

Statistical Techniques 

Analysi s-of-Variance 

The analysis-of-variance design a1 lows the p a r t i t i o n i n g  o f  the t o t a l  
measured natura l  va r ia t i on  i n t o  components. The components are re la ted  t o  the 
various sampling i n te rva l s  (50, 25, 5, 1, and 0.1 km). I n  addit ion, several 
samples were chosen a t  random and s p l i t  i n t o  two par ts  i n  the laboratory and 
each p a r t  was analyzed independently. This dupl icate analysis represents the  
s i x t h  l e v e l  o f  the design and gives an estimate o f  a l l  procedural errors. 

A fur ther .precaut ion was taken t o  convert any systematic error ,  which 
might occur i n  e i t h e r  sampling o r  analysis, i n t o  random error.  This was 
accomplished by analyzing a1 1 samples (o r ig ina l  and dupl i ca te)  i n  a randomized 
sequence so t h a t  samples col lected I n  the  f i e l d  t o  represent some geographic 
progression would not be analyzed i n  t h a t  same progression. 

The variance components associated w i th  d i f f e r e n t  d i  stance i ncrements 
are usefu l  i n  determining the optimum sampling i n t e r v a l  and minimum number o f  
samples necessary fo r  the preparat ion o f  maps showing spa t ia l  d i s t r i b u t i o n s  of 
t he  element concentrations i n  p lants and so i ls .  

Variance Ratios and Mappi ng Requi reents 

The v a r i  ance-mean-rat40 (Vm) (Miesch, 1976) i s  computed from estimates 
o f  variance components associated w i th  distance increments described above. 
The Vm provides an index o f  r e l a t i v e  s t a b i l i t y  o f  mean values used t o  
construct  geochemical maps. Vm values computed f o r  d i f f e ren t  distance 
increments are useful f o r  evaluating the f e a s i b i l i t y  o f  mapping the 
d i s t r i b u t i o n  o f  an element a t  those d i f f e r e n t  in tervals.  For example, Vm 
values f o r  25 km c e l l s  would be computed as follows: 

where the  numerator i s  the sum o f  the variance components (s2) fo r  the 50 and 
25 km distanc? increments and the demminator i s  the sum o f  the variance 
components (s ) m u l t i p l i e d  by the  average number o f  samples (n) co l lec ted a t  
each smaller distance increment, p lus  estimates of procedural error.  I n  other  
words, the numerator i s  the variance between 25km distance increments and the  
denominator i s  t he  variance w i t h i n  the 25km distance increments. A Vm equal 
t o  1.0 i s  approximately equivalent t o  an F-test p robab i l i t y  l eve l  o f  80 
percent. For Vm values less than 1.0. a map o f  element concentrations 
prepared from the  ex i s t i ng  data would not f a i t h f u l l y  reproduce the  t r u e  
geochemical pa t te rn  (Miesch, 1976, p. 102). As Vm increases, the map pa t te rn  
increasingly r e f l e c t s  the t rue  geochemical pattern. 



Regression Analysis 

The e f f e c t s  o f  point-source indus t r i a l  emissions on element 
concentrations i n  p lants o r  s o i l s  w i th  increasing distance from the emission 
source were evaluated by regression analysis. A least-squares c r i t e r i o n  was 
used f o r  the  regression and the pred ic t ion  equation took the fo l lowing form: 

where " Y U  i s  an estimate o f  the element concentration i n  the p lan t  o r  s o i l  
sample, and "X'I i s  the measured distance from the i n d u s t r i a l  emission 
source. The expected logari thmic concentration a t  1 km i s  "a", and the  slope 
o f  the  regression l i n e  i s  "b". The co r re la t i on  coe f f i c i en t  (r)  i s  not used as 
an i n d i c a t i o n  o f  s t a t i s t i c a l  s igni f icance because the values fo r  distance were 
selected and can t be considered random variables. The coe f f i c i en t  of P determinat ion (r ) i s  a measure o f  the proport ion o f  t o t a l  observed v a r i a t i o n  
that i s  explained simply by the distance from the i n d u s t r i a l  emission source 
and i s  used as an ind ica tor  o f  important re la t ions .  

Base1 ine values 

The baseline value i s  computed as the expected 95-percent element 
concentrat ion range (Tidbal l  and Ebens, 1976). This means t h a t  i f  a new 
sample i s  co l lec ted and analyzed f o r  some element, there i s  a 5-percent chance 
t h a t  t he  determined value f o r  t ha t  element w i l l  be outside o f  t h i s  range. 
These sumnary s t a t i s t i c s  provide an overview o f  s o i l  and p lan t  chemistry. 
This in format ion i s  usefu l  fo r  making comparisons between the chemistry of 
s o i l s  and p lan ts  o f  t h i s  study w i t h  s im i la r  s o i l s  and p lan ts  from other  
s i m i l a r  areas. These comparisons help determine, on a gross scale, whether 
the  newly co l lec ted s o i l s  and p lants are t yp i ca l  o r  unusual i n  t h e i r  chemical 
composition. 

F i e l d  S i l i q  and Sample Preparation 

&feral Considerations 

Sampling s i t e s  f o r  the landscape v a r i a b i l i t y  study were randomly 
located, t o  the  extent possible considering accessibi 1 i t y  constraints, t o  
inc lude the  t rue  extent o f  the natura l  v a r i a b i l i t y  i n  the  samples col lected. 

Sampling s i t e s  f o r  the i n d u s t r i a l  emissions study were selected t o  be as 
s i m i l a r  t o  one another as possible. A l l  s i t e s  were evaluated f o r  s i m i l a r  
so i l ,  vegetation, geology, slope, and aspect so tha t  any va r ia t i on  observed i n  
element content o f  p lan ts  o r  s o i l s  could be a t t r i bu ted  t o  distance-related 
ra ther  than s i te - re la ted ef fects.  Plant and s o i l  samples were co l lec ted i n  
close proximi ty  t o  each other f o r  both studies. Voucher specimens o f  a l l  
p l a n t  species were co l  lected. 

Feather Moss and White Spruce 

Moss samples were col lected from the fo res t  f l o o r  where i t  was found 
growing over decaying logs. The moss samples consisted o f  very dense, uniform 
mats and included o l d  as we l l  as young material. Rhizome mater ia l  w i t h  
attached organic d e t r i t u s  was removed i n  the f i e l d .  Needles and twigs 
(terminal 15 cm) were col lected from white spruce by c l i pp ing  w i th  s ta in less  



steel  sheers. A composite sample of  numerous low branches was made from 
around a s ingle tree. F ie ld  notes were made and samples were labeled as t o  
location, placed i n  Hubco c lo th  bags, allowed t o  a i r  dry, and then mailed t o  
the Denver laboratorigs. A t  the laboratory, samples were fur ther  dr ied i n  a 
forced a i r  oven a t  40 C. Dry samples were ground t o  minus 10 mesh using a 
Wi l ty  m i l l .  A s p l i t  o f  the ground sample was ashed i n  a muffle furnace a t  
450 C, and ash percent calculated. Moss and spruce samples were not washed, 
but processed as received from the f ie ld .  

Soil Horizons 

Sampl i ng o f  soi 1 by horizon was accompl i shed using the f o l  lowing general 
guidelines. A t  each sampling location, l i v i n g  vegetation was removed from the 
s o i l  surface and a shallow s o i l  p i t  was excavated using hand tools. The 
sequence o f  horizons was examined and described using comnonly accepted 
procedures. A typ ica l  cross section o f  the non-peat, mineral so i l s  tha t  were 
sampled consisted of: (1) 02-horizon - organic f l o o r  mat, 5-15 an th ick;  (2) 
A2-horizon - oxidized and leached grey zone, 2-5 cm thick; (3) 02-horizon - 
oxidized, red colored zone o f  accumulation, 1-15 cm thick; (4) C-horizon - 
unweathered, yellow-brown colored volcanic ash, 50-100 cm thick; and, (5) 
g lacio- f  l u v i a l  deposits o f  t i l l  or outwash. The propert ies and c l ass i f i ca t i on  
o f  the major i ty  o f  the so i l s  derived from volcanic ash on the Kenai Peninsula 
have been described i n  de ta i l  by Ping and others (1989) and Shoji and others 
(1988). Typical ly  'an 02, 82, and C sequence o f  soi 1 horizons was encountered. 
So i l  horizons selected f o r  sampling were placed i n  water-resistant paper bags 
and labeled as t o  t h e i r  locat ion and pos i t ion i n  the sampling design and f i e l d  
notes were made. The samples were mailed t o  the U.S. Geological Survey 
laboratories i n  Denver, Colorado. 

Samples o f  the 02-, B-, and C-horizons were col lected f o r  the indus t r ia l  
emissions study while only 02- and C-horizons were col lected for  the landscape 
va r i ab i l  i t y  study. B-horizons were not col lected because sampling locat  ions 
selected randomly may or m a y  not contain soi 1s w i th  a B-horizon. 

A t  the laboratory, a l l  soi 1 samples were dr ied under forced a i r  a t  
ambient temperature. A1 1 o f  the dry samples were disaggregated using a 
mechanical ceramic mortar and pestle , s i  eved t o  m i  nus 10 mesh (2 mm) , and a 
s p l i t  of the minus 2 mm sample o f  mineral so i l  (B- and C-horizons) was ground 
t o  minus 80 mesh. Sample s p l i t s  o f  the 02-horizon were ground t o  minus 100 
m s h  w i th  an agate shatter box a$ a s p l i t  o f  the minus 100 mesh material was 
ashed i n  a muffle furnace a t  450 C and ash y l e l d  was calculated. Both the raw 
and the ashed material were used for  analysis, depending on the method o f  
analysis . 
Laboratory Methods 

Chemical analyses were performed by two main techniques, induct ively 
coupled plasma, atomic emi ssion spectroscopy (ICP-AES) and cont i  nuous-f low, 
hydride-generation atomic absorption spectroscopy (HGAAS) . U. S. Geological 
Survey qua1 i t y  assurance and qua1 i t y  control procedures were fo1 lowed 
throughout (Arbogast , 1990). Add1 t iona l  determi nations are described under 
the heading "Hiscel laneous DeterrinationsH . 

Inductively Coupled Plasma A t a i c  Emission Spectroscopy 

Samples were analyzed simultaneously for  38 elements us! ng ICP-AES. 
Each s o i l  o r  soil-ash sample (0.200 g) and plant  ash sample (0.100 g) was 



dissolved using a low-temperature digestion wi th concentrated hydrochloric, 
hydrof luor ic,  n i t r i c ,  and perchloric acids (Crock and others, 1983). The 
ac id ic  sample solut ion was taken t o  dryness and the residue was dissolved wi th  
1 mL o f  aqua reg ia  and then d i lu ted t o  10 g wi th demineral !zed water. Reagent 
blanks, reference materials, and sample repl icates were a l l  digested by the 
same procedure and analyzed a t  the same time as the samples. The elements 
determined and t h e i r  l i m i t s  o f  determination are shown i n  Table 1. The 
elements s i lver ,  gold, bismuth, cadmium, holmIum, t i n ,  tantalum, and uranium 
were below detection i n  a l l  samples. The re l a t i ve  standard deviat ion (RSD) f o r  
rep l i ca te  deteminations of most elements i s  f i v e  percent or less. 

Continuous-Flow, Hydride-Generat i on  Atoaic Absorption Spectroscopy 

Arsenic and selenium i n  so i l s  were determined by HGAAS (Crock and 
Lichte, 1982; Sanzolone and Chao, 1987). A 0.25 g sample of  s o i l  was digested 
wi th  concentrated n i t r i c ,  perchloric, and hydrof l uo r i c  acids. After 
digestion, the sample was brought t o  50 mL wi th  6l hydrochloric acid. Arsenic 
and selenium were detemined independently using spec i f i ca l l y  designed 
continuous-flow systems. I n  the procedure, the sample solut ion was reacted 
wi th  sodium borohydride t o  generate the gaseous hydrides, which were swept 
i n t o  the heated quartz furnace o f  an atomic absorption spectrometer. Arsenic 
and selenium were detemined using an aqueous standard ca l ib ra t ion  curve. 
Determination l i m i t s  f o r  arsenic and selenium are shown i n  Table 1. The RSD 
f o r  the determination o f  both elements was about ten percent. 

Arsenic and selenium i n  the vegetation were detemined by HGAAS (Crock 
and Lichte, 1982; Sanzolone and Chao, 1987). A 1.000 g plant  sample was 
digested w i th  n i t r i c  and perchlori  c acids and 30 percent hydrogen peroxide. 
A f te r  digestion, the clear, colorless solut ion was d i lu ted t o  50 mL wi th  6N 
hydrochloric acid. Arsenic was then determined by the same technique as used 
f o r  so i l ,  An in-house, standard a l f a l f a  sample and a National Bureau of 
Standards standard c i t r u s  leaves were carr ied through the en t i  r e  sample 
preparation and analysis procedure. Unfortunately, both the standards and the 
major i ty  of the samples were below the detection l i m i t  o f  0.05 pa r t  per 
m i  11 ion  (ppm) arsenic or  selenium. 

Miscell aneous D e t e n i  nations 

k r c u r y  i n  soi 1 and plants was determined using an automated continuous- 
flow, cold-vapor atomic absorption spectroscopic method (Kennedy and Crock, 
1987). A 0.100 g s o i l  sample or a 0.200 g plant  sample was digested w i th  
n i t r i c  acid and sodium dichrmate I n  a closed t e f l on  b o t t l e  and then d i lu ted  
t o  12 mL wi th  deionized water, The solut ion was reacted w i th  a su l f u r i c  acid- 
hydroxylamine hydrochloride solut ion and stannous chloride so lu t ion i n  a 
continuous-flow system. The gaseous mercury was separated i n  a phase 
separator and swept i n t o  a quartz c e l l  o f  an atomic absorption spectrometer. 
Mercury was determined using an aqueous standard ca l ib ra t ion  curve. 

So i l  pH was detemined by a 1:l extract ion according t o  the method given 
by Crock and Severson (1980). A standard 1:l (20 g s o i l  t o  20 mL 
demi neral i zed-deionized water) extract ion was made and the solut  Ion pH 
measured using a standard pH meter and combination pH electrode cal ibrated 
wi th  pH 7 and pH 10 buf fer  solutions. A 1:3 extract ion was used f o r  the 02- 
horizon samples because there was no free-standing water wi th the 1:l method. 

Total su l fur  i n  both so i l s  and plants was determined using a Leco SC-132 
automated analyzer. The sample and a vanadium pentoxide f l u x  were combusted 



- i n  an oxygen-rich atmosphere a t  1370'~ and the evolved su l fu r  dioxide measured 
by an I R  ( infra-red) detector (Jackson and others, 1987). Ten white spruce 
samples were analyzed f o r  t h e i r  stable su l fur  isotope content by Coastal 
Science Laboratories, Inc., Austin, Texas. The ground, raw plant  material was 
combusted i n  a Parr bomb, wi th a l l  the su l fur  converted t o  barium sulfate. 
The stable su l fu r  isotopes were then measured on t h i s  prec ip i ta te  using a 
Micromass isotope r a t i o  mass spectrometer. 

RESULTS 

Lanlscape Varl abi 1 i ty 

Feather b s s  

Components o f  var ia t ion over increments i n  distance are given f o r  30 
elements and ash y i e l d  i n  feather moss i n  table 2. Elements not included, 
because a large proportion o f  the samples were below the 1 i m i t  o f  detect ion 
(the values referred t o  as censored) o f  the analyt ical  method, are cadmium, 
molybdenum, thorium, and tungsten. S ta t i s t i ca l  signif icance o f  varlance 
components was determined by using the conventional F-test. The F-value was 
computed by d iv id ing the mean-square value f o r  the component by the mean- 
square value f o r  the next smaller sampling interval .  I f  a component i s  not 
s ign i f icant ,  then preparing a map based on the sampling in terva l  represented 
by t ha t  component would be impractical because the same general map patterns 
would be obtained by mapping a t  the next greater interval,  involving much less 
sampling . The greatest number o f  s ign i f icant  variance components occurs a t  
the smallest sampling in terva l  (0.1 km), however the major i ty  o f  variance 
components greater than 50 percent occur a t  the largest sampling in te rva l  
( table 2). 

The major purpose f o r  computing var ia t ion over increments of distance i s  
t o  use t ha t  information t o  compute estimates o f  map s t a b i l i t y  (Vm) and t o  
determine the mininum number o f  random samples tha t  would need t o  be col lected 
w i th in  a g r i d  based on the various sampling intervals. Estimates o f  sampling 
needed t o  prepare stable geochemical maps f o r  elements i n  feather moss are 
given i n  tab le  3 f o r  four sampling intervals. 

The information i n  tables 2 and 3 can be used t o  determine the optimum 
sampling in te rva l  necessary t o  prepare geochemical maps f o r  speci f ic  
elements. For example, a geochemical map f o r  su l fur  i n  feather moss could 
best be prepared based on a 25 km sampling interval .  A t  both the 50 km and 5 
km intervals,  no var ia t ion was observed. A map prepared a t  25 km would give 
the same reso lu t ion as one prepared a t  5 km, and nearly the same d e t a i l  as one 
prepared a t  1 km (only and addit ional 1.4% o f  the var ia t ion would be 
explained, as i s  shown i n  table 2). While the same number o f  samples w i th in  a 
sampling in te rva l  would be needed t o  prepare a stable map a t  25, 5, and 1 km 
( table 3) the t o t a l  number o f  samples would Increase by a fac tor  o f  25 between 
a map based on a 25 km versus a 5 km sap1  ing interval ,  and a fac tor  o f  125 
between a map based on a 25 km versus a 1 km sampling in terva l  because many 
more locations would need t o  be sampled.. A geochemical map o f  su l fur  i n  
feather moss prepared a t  a 25 km in terva l  would re l i ab l y  show the patterns on 
the landscape (Vm o f  5.8, table 3); however, i t  would not r e f l e c t  the small 
scale (0.1 km) var ia t ion which, i n  the case of sulfur, i s  qu i te  large (37.3% 
of the t o t a l  variat ion, table 2). 

Most elements show large and s ign i f icant  variance components a t  the 50 
km sampling in terva l  ( table 2). However i n  order t o  prepare maps f o r  



- environmentally important elements such as arsenic, mercury, lead, and sulfur, 
i t  i s  necessary to sample at  the 25 km interval. 

Sumnary s ta t i s t ics  for the elements detected in feather moss samples 
from the barbell sampling design are given in table 16. These include the 
geometric mean, the geometric deviation, and the expected base1 i ne value 
range. A l is t ing of the results o f  analysis for a l l  feather moss samples i s  
given i n  appendix table A l .  

White Spruce 

Components of variation over increments i n  distance are given for 28 
elements and ash yield in white spruce i n  table 4. Elements not included, 
because a large proportion of the samples were censored, are cadmium, 
molybdenum, scandium, selenium, yttrium, and ytterbium. Procedural error is 
greater than 50 percent of the total variation for cerium and tungsten, and 
therefore, the data for these elements should be interpreted with the 
knowledge that natural variation i s  obscured by procedural errors. Most 
variables show s ta t i s t ica l  significance, or a large percentage of their  total  
variance, a t  the two smallest (0.1 and 1 km) sampling intervals (table 4). 
This is i n  contrast to  the distribution of variance components for the feather 
moss, where mst of the variation was at  the larger sampling intervals. Only 
a few elements i n  white spruce show a large proportion (s ta t i s t ica l  
significant) of their  variance components at  the 25 and 50 km sampling 
interval s. 

Map stabi l i ty  (Vm) and sampling intensity (nr) estimates (table 5) for  
white spruce show that, in order to  prepare maps for most elements, a 1 km, or 
possibly 5 km, sampling interval i s  needed. A t  25 km, only 10 elements 
exhibit a value for Vm greater than one. 

Sumnary s ta t i s t ics  for the elements detected i n  white spruce samples 
from the barbell sampling design are given i n  table 17. These include the 
geometric mean, the geometric deviation, and the expected baseline value 
range. A l is t ing of the results of analysis for a l l  white spruce samples i s  
given i n  appendix table A2. 

Soi 1 02-Hor izon 

Components of variation over increments i n  distance are given for 29 
elements, pH, and ash yield i n  02-horizons of soils i n  table 6. Elements not 
included, because a large proportion of the samples were censored are silver,  
gold, beryl1 ium, bismuth,  cadmium, holmium, molybdenum, niobium, t in ,  
tantalum, thorium, uranium, and ytterbium. Procedural error i s  greater than 
50 percent o f  the total  variation for chromium, and therefore, the data for  
t h i s  element should be interpreted w i t h  the knowledge tha t  natural variation 
is obscured by procedural errors. Most variables show s ta t  is t ical  
significance, or a large percentage of their total  variance, a t  the smallest 
(0.1 km) sampling interval (table 6). A few elements i n  02-horizons of soi ls  
show significant variance components scattered over the 50, 25, 5, and 1 km 
sampling intervals, bu t  few of these significant components account for a 
large proportion of the total  variation. 

In order t o  prepare stable geochemical maps of element distribution i n  
02-horizons o f  soi ls  for a large number of elements from a single sampling, i t  
would be necessary t o  sample a t  a 5 km or less interval (table 7) .  Sampling 
a t  intervals of 50 or  25 km would result in stable maps for only 8 t o  14 
elements (Vm greater than 1.0, table 7) .  



Sumnary . s t a t i s t i c s  f o r  the elements detected i n  surf ace soi 1 02-horizon 
samples from the barbel l  sampling design are given i n  table 14. These include 
the geometric mean, the geometric deviation, and the expected baseline value 
range. This base1 ine range f o r  the 02-horizon compares very favorably w i th  
the values reported for surface materials from Alaska by Gough and others 
(1988). A l i s t i n g  of the resu l ts  o f  analysis f o r  a l l  samples of 02-horizons 
o f  s o i l s  i s  given i n  appendix table A3. 

Soil C-Horizon 

Components o f  var ia t ion over increments i n  distance are given f o r  28 
elements and pH f o r  C-horizons of so i l s  i n  table 8. Elements not included, 
because a large proportion of the samples were censored are s i  lver, gold, 
bery l1 ium, bisrmth, cadmium, holmium, molybdenum, niobium, t i n ,  tantalum, 
thorium, and uranium. Procedural er ror  i s  greater than 50 percent o f  the 
t o t a l  va r ia t ion  f o r ,  lead and zinc, and therefore, the data for- these elements 
should be interpreted wi th the knowledge tha t  natural var ia t ion i s  obscured by 
procedural errors. Signi f  I cant variance components and a 1 arge por t ion o f  the 
t o t a l  va r ia t ion  i s  shown for  the greatest number o f  elements a t  the 50 km 
sampling interval .  Several additional elements wi th s ign i f i can t  variance 
comonents occur a t  the 25 km sampling interval .  

A sui table sampling in terva l  for the preparation of geochemical maps 
showing element d is t r ibu t ion  i n  C-horizons o f  so i l s  can be determined from the 
data i n  tab le  9. Most o f  the elements show high map s t a b i l i t y  (Vm greater 
than 1.0) a t  both the 50 and 25 km sampling intervals, however the 25 km 
in te rva l  would seem preferable because o f  greater map resolution. 

Sumnary s t a t i s t i c s  f o r  the elements detected i n  surface s o i l  C-horizon 
samples from the barbel l  sampling design are given i n  table 15. These Include 
the geometric mean, the geometric deviation, and the expected baseline value 
range. A l i s t i n g  o f  the resu l ts  of analysis f o r  a l l  samples o f  C-horizons o f  
s o i l s  i s  given i n  appendix table AS. 

Industri a1 Emissions 

6emral Comiderat ions 

Transects from the indust r ia l  complex a t  Kenai were established t o  
determine whether element concentrat ion variables exhibited systematic 
decreases i n  concentration w i th  increasing distance and were thus re lated t o  
emissions from the Indust r ia l  cojnplex (see the Methods section). The 
indus t r ia l  camplex j us t  north of Kenai, Alaska i s  composed of a Unocal 
chemical factory (urea/arrmonia), a Phi 11 ips  LNG fac i  li ty, a Tesoro petroleum 
refinery, and a Chevron petroleum ref inery and tank farm. The P h i l l i p s  LNG 
f a c i l i t y  i s  the second largest of i t s  type i n  North America producing over 
3600 tons per day o f  amonia and 3500 tons per day o f  urea. The major i ty  o f  
t h i s  i s  used as agr icu l tura l  f e r t i l i z e r  and i s  sold mainly t o  or ienta l  
markets. This f a c i l i t y  emits t o  the atmosphere 40 t o  60 tons of amnonia per 
day which has resulted i n  the etching o f  glass and car paint  i n  the immediate 
area o f  the f a c i l i t y  (Ritchey, R., U.S. Fish and W i l d l i f e  Service, KNWR, 
Personal Communication, August, 1988). The Unocal f aci 1 i t y  a1 so releases 
ammonia as wel l  as heavy metals i n t o  the a i r  as s i ted by the local  press. 
(For example, The Kenai, Alaska Peninsula Clarion published on August 9, 1988 
an a r t f c l e  en t i t l ed  "What i s  the Unocal p lant  put t ing i n t o  the air?". This 
a r t i c l e  discusses a host o f  contaminants tha t  the f a c i l i t y  i s  suspected o f  



emitting.) . There-was no available..emissions information f o r  the Chevron o r  
Tesoro f a c i l i t i e s  a t  the t i m e  of t h i s  investigation, 

A wind-rose diagram ( f ig .  4) shows that  the winds are predominantly from 
the north/northeast from September t o  May, and from'the south/southwest during 
June through August. The annual mean hourly wind speed based on a 19 year 
average i s  6.6 mph ( C l  imatological Data Sumnary, Department o f  Commerce, ESSA- 
Envirormental Data Service [pre-1970 data]), On the Kenai Peninsula, the 
period o f  maximum prec ip i ta t ion i s  June through October, w i th  a mean o f  3.6 
inches for  September f o r  tha t  19 year period. 

Feather Moss 

Coeff icients o f  determination (CD) for  the re l a t i on  between element 
concentration and distance are shown for  three transects i n  tab le  10. Three 
variables along the east transect, 14 variables along the north transect, and 
one variable along the south transect show CD values of 0.50 o r  greater. ' 

Regression equations f o r  these 18 variables are given i n  table 11. A l l  18 
equations show negative slopes, indicat ing a decrease i n  variable 
concentration wi th increasing distance. Graphs showing a regression l i n e  f i t  
t o  the data f o r  the regression model, described previously, are given f o r  
aluminum ( f ig .  5); cerium, cobalt, and chromium ( f ig .  7); i r o n  ( f i g .  8); 
lanthanum, l i th ium, and sodium (fig. 9); n ickel  and scandium ( f i g ,  10); su l fu r  
( f ig .  11); t i tanium and vanadium ( f ig .  12); and y t t r i um and ytterbium ( f ig .  
13). 

The data given i n  Appendix Table A 1  for  the three transects was compared 
t o  the calculated range for  detected elements as given i n  table 16. Only 
sulfur exceeded the upper l i m i t  of the 95% expected range. This may indicate 
tha t  the feather moss i s  showing an indust r ia l  addi t ion t o  i t s  su l fu r  content. 

Yhi te  Spruce 

Coefficients o f  determination (CD) f o r  the re l a t i on  between element 
concentration and distance are shown f o r  three transects i n  table 10. One 
var iable along the east transect, four variables along the north transect, and 
no variables along the south transect show CD values o f  0.50 o r  greater. 
Regression equations f o r  these f i v e  variables are given i n  tab le  11. Only two 
equations, both f o r  sulfur, show negative slopes, indicat ing a decrease i n  
variable concentration wi th  increasing distance. Graphs showing a regression 
l i n e  f i t  t o  the data fo r  the regression model, described previously, are given 
for  sulfur ( f i g .  11). 

Radloff (1989) describes an aluminum-induced calcium deficiency i n  
spruce trees due t o  excess nitrogen i n  so i l s  derived from atmospheric 
pol lut ion.  The visual symptoms described I n  Radloff's report  are s imi lar  t o  
those observed i n  the spruce trees close t o  the Kenai indust r ia l  s i te.  Figure 
14 shows the acute necrosis that  i s  character ist ic  o f  older spruce needles. 
Whether the damage t o  the spruce i s  due t o  physiological deficiencies or  
excesses o f  micro-nutrients or tox ic  metals remains t o  be determined. 
However, appendix Table A7 l i s t s  the analyt ical  data o f  young spruce twigs 
(labeled KTN.51-2, one- t o  two-year o ld  twig segments) and older spruce twigs 
(labeled KTN.53-5, three- t o  five-year o ld  twig segments) which were col lected 
from a single t ree 0.5 km from the Unocal f a c i l i t y .  These data indicate tha t  
the older twigs have higher concentrations o f  aluminum, calcium, chromium, 
iron, manganese, sodium, nickel, lead, strontium, vanadium, and zinc than the 
younger twigs (comnonly by a factor of two o r  s l i g h t l y  less). 



Similarly. samples o f  elderberry leaves (Fig. 15) showing necrosis and 
cur l i ng  were col lected 0.5 km from the Unocal f a c i l i t y  (ELDERl, appendix 
tab le  A6). Samples of  leaves without necrosis o r  cur l  ing were col lected from 
an area considered uncontaminated 32 km east o f  the f a c i l i t y  (ELDER2, appendix 
tab le  A6). Concentrations o f  aluminum, iron, potassium, 1 ithium, manganese, 
sodium, nickel, and su l fur  were found t o  be considerably higher i n  the close- 
i n  sample (ELOER1) and concentrations of  barium, calcium, molybdenum, 
neodymium, and strontium, were higher i n  the presumd uncontaminated sample 
(ELDER2). We can only speculate tha t  the higher concentrations o f  metals as 
well  as su l fur  are the resu l t  of  the indust r ia l  complex. The biochemistry o f  
barium, calcium, and strontium i n  plants i s  s imi lar  and the decreased 
concentration o f  these elements i n  the samples from the contaminated s i t e  may 
r e f l e c t  physiological exclusion or  competition. 

Soi 1 02-Horizon 

Coefficients o f  detennination (CD) f o r  the re l a t i on  between element 
concentration and distance are shown for  three transects i n  table 12, No 
variables along the east o r  south transects, and only one variable along the 
north transect show CD values o f  0.50 or greater. A regression equation f o r  
copper i s  given i n  table 11. This equation shows a negative slope, ind icat ing 
a decrease i n  copper concentration w i  t h  increasing distance. A graph showing 
a regression 1 ine f i t  t o  the data for the regression model, described 
previously, i s  given fo r  copper ( f ig .  7). 

Soi 1 B-Horizon 

Coeff icients o f  determination (CD) f o r  the re l a t i on  between element 
concentration and distance are shown f o r  three transects i n  tab le  12. Eight 
variables along the east transect, three variables along the north transect, 
and two variables along the south transect show CO values o f  0.50 or  
greater. Regression equations f o r  these 13 variables are given i n  tab le  11. 
Only two equations, calcium and strontium, show negative slopes, ind icat ing a 
decrease i n  variable concentration wi th increasing distance. Graphs showing a 
regression l i n e  f i t  t o  the data f o r  the regression model, described 
previously, are glven for calcium ( f ig.  6) and strontium ( f ig .  12). A l i s t i n g  
o f  the resu l t s  o f  analysis f o r  a l l  samples o f  B-horizons o f  so i l s  i s  given i n  
appendix tab le  A4. 

Coeff icients o f  determination (CD) f o r  the re l a t i on  between variable 
concentration and distance are shown f o r  three transects i n  table 12. Ten 
variables along the east transect, s i x  variables along the north transect, and 
one variable along the south transect show CD values o f  0.50 o r  greater. 
Regression equations for  these 17 variables are given i n  table 11. Ten 
equations show negative slopes, indicat ing a decrease i n  variable 
concentration wi th increasing distance. Graphs showing a regression l i n e  f i t  
t o  the data f o r  the regression model, described previously, are given f o r  
aluminum ( f ig .  5); calcium ( f ig .  6); gall ium and mercury ( f i g  8); phosphorus 
and selenium ( f i g  10); strontium (f ig. 12); and y t t r i um ( f ig .  13). 

Data f o r  white spruce and the two s o i l  horizons from the transect 
samplings were compared t o  the calculated ranges from the barbel 1 study. No 
element f o r  any o f  the three media exceeded the upper l i m i t  o f  the 95% 



expected range. This implies that  the indust r ia l  outputs may not be a f fec t ing  
these media f o r  the elements analyzed. 

Correlat ion coef f ic ients between elements i n  the two soi 1 horizons and 
the two plants and between the two plants are presented i n  tab le  18. There 
are numerous sign1 f i can t  correlat ions i n  a l l  cases a t  the 99% conf ldence 
level. Generalized statements would be that  the feather moss correlated 
bet ter  t o  the 02-horizon than the C-horizon; the moss correlated be t te r  t o  the 
s o i l  horizons than the white spruce f o r  most elements; and, many o f  the 
control1 ing factors f o r  a given element are s imi lar  f o r  both plants because of 
the large number o f  correlat ions between plants. 

Soil extractions 

Extract ion data f o r  three comnon anions, chloride, sulfate, and n i t ra te ,  
frm a simple 1: 5 (samp1e:demi neral ized water) extract ion procedure are given 
i n  tab le  A8. Since the t o t a l  chemistry o f  the so i l s  d id  not show any strong 
relat ionships wi th distance, pa r t i a l  chemistry o f  the so i l s  was examined. The 
02-horizons tended t o  have more extractable anions than the C-horizons a t  each 
s i t e  and there does not appear t o  be any trends f o r  chloride o r  sulfate. This 
would indicate minimal o r  consistent sea spray influence on these anions. 

The n i t r a t e  data i s  interest ing because o f  the aer ia l  trends and because 
some high values observed, N i t ra te  was not detected i n  e i ther  horizon o f  the 
samples col lected fur thest  away from the indust r ia l  complex; these data 
therefore, can be considered as background. The sample closest t o  the 
complex, SOKTN.51, contains 55 ppm n i t r a te  and i s  considered very high. There 
does appear t o  be an influence by the complex on nitrogen levels i n  the 
so i l ,  Further, the values obtained from these samples should be considered 
rninimrm values because o f  the way the samples were handled, I n  order t o  
prevent the transformation o f  nitrogen species i n  soi l ,  the samples should be 
frozen i n  the f i e l d  and the n i t r a t e  determinations performed under cont ro l led 
atmsphere conditions. An al ternat ive method i s  t o  do the extract ion and 
n i t r a t e  deteminat ion i n  the f i e ld .  Our samples were dr ied and n i t r a t e  was 
determined almost a year a f t e r  col lect ion. The amount o f  nitrogen l o s t  due t o  
microbial a c t i v i t y  fol lowing col  l ec t ion  i s  unknown and must be determined i n  
some future study. 

CONCLUSIONS ANO RECOmENDATIONS 

Landscape Vari abi 1 i ty  

Analysis-of-vari ance, wi th calculat ions based on the variance 
components, for  element concentrations i n  two plants (feather moss and white 
spruce) and two s o i l  horizons (0- and C-horizons) were used t o  estimate the 
f e a s i b i l i t y  o f  preparing biogeochemical or  geochemical maps a t  various 
sampling intervals. Intervals o f  50, 25, 5, 1, and 0.1 km were evaluated. 
Our in ten t  was t o  provide as much background information f o r  as many elements 
as possible i n  each o f  the sampling wdIa  with the smallest sampling cast. 

I n  order t o  most e f f i c i e n t l y  map the chemistry o f  feather moss ( tab le  3) 
and s o i l  C-horizon ( table 9),  a 25 km c e l l  s i t e  i s  suggested wi th  a minimum o f  
three moss samples and four s o i l  samples wi th in  each ce l l .  With these 
sampling in tens i t ies ,  r e l i ab le  blogeochemical or geochemical maps can be 
prepared f o r  most elements. Increasing the number o f  moss samples t o  f i v e  per 
c e l l  w i l l  add nickel  and selenium as mappable elements, and increasing the 
samples t o  s i x  per c e l l  w i l l  add copper and zinc. Increasing the samples o f  



the s o i l  C-horizon t o  f i v e  samples per c e l l  w i l l  add potassium, lead, and 
selenium as mappable elements, s i x  samples per c e l l  w i l l  add cobalt and 
magnesium , and eight  samples per c e l l  w i l l  add copper. Whether the cost o f  
addit ional sampling i s  j u s t i f i e d  t o  prepare maps f o r  one o r  two elements 
depends on the need f o r  information on those spec i f ic  elements. 

Rel iable biogeochemical or  geochemical maps f o r  white spruce ( table 5) 
and the s o i l  02-horizon (table 7) require sampling based on a c e l l  s ize o f  5 
km o r  less. Five t o  ten samples o f  white spruce are necessary w i th in  each 5 
km ce l l ,  and w i th in  a 1 km c e l l  four t o  f i v e  samples are necessary. Most 
elements i n  02-horizons o f  so i l s  can be mapped wi th  four t o  f ive  samples 
col lected i n  e i the r  the 5 km o r  1 km ce l l .  Because o f  the small c e l l  s i t e  and 
the in tens i t y  o f  sampling wi th in  each ce l l ,  the e f f o r t  would be very 
expensive. 

Industrial Emissions 

The elements showing a decrease i n  concentration wi th  increasing 
distance from the indust r ia l  complex a t  Kenai, Alaska (f igs. 5-13) f o r  two 
plants (feather moss and white spruce) and three s o i l  horizons (0-, B-, and C- 
horizons) do not provide conclusive in fomat ion  t o  .state t ha t  the trends 
observed are re lated t o  indust r ia l  emissions. Elements re lated t o  airborne 
indus t r ia l  emissions should show consistent trends i n  both feather moss and 
02-horizons o f  so i l s  along dawn-wind transects. While several elements show 
decreases wi th distance along a l l  three transects i n  feather moss, the only 
element showing a s imi lar  pat tern i n  02-horizons o f  so i l s  i s  copper along the 
north transect ( table 12), but copper i n  feather moss i s  not considered. 
Sul fur  ( f i g .  11) trends suggest an indust r ia l  emission source f o r  feather moss 
and white spruce along two transects each, however the two transects are not 
the same i n  a l l  cases; feather moss along the north and south transects and 
white spruce along the north and east transects. Sulfur trends i n  s o i l  02- 
horizons are not considered important by the c r i t e r i a  chosen. 

Selected samples o f  white spruce were analyzed f o r  t h e i r  stable su l fu r  
isotope ra t i os  as follows: 

Transect Distance (km) de1 34~CDT 
-----*--------------------------------------- 

North 1 4 . 9  
2 +6.4 
4 +5.4 
8 4 . 5  

16 +4.7 

South 



d e ~ ~ ~ ~  represents the enrichment factor  f o r  3 4 ~  and i s  expressed as 
d e ~ ~ ~ s k ! ? u r  ig4parts per thousand (0100) o r  per m i l .  The equation used t o  
calculate del SCOT is :  

Troi li t e  Meteorite 

The use o f  stable su l fur  isotopes t o  evaluate anthropogenic and natural 
sources o f  atmospheric su l fu r  and the natural su l fur  cycle i s  described by 
Jackson and Gough (1989). The data here may represent a weak trend o f  
decreasing inputs from natural sources, but the data are i nconcluslve. 

We speculate tha t  the trends observed wi th increasing distance from the 
indus t r ia l  complex may r e f l e c t  the differences i n  aer ia l  deposition o f  
volcanic ash. The source o f  the ash i s  from the same d i rec t ion as the 
indus t r ia l  complex (Alaska Range t o  the west and across the Cook I n l e t ) .  
Whatever the t rue reason i s  f o r  the measured trends, the data o f  t h i s  
invest igat ion can be used as a baseline against which t o  assess fu ture  changes 
i n  the biogeochemical and geochemical envirorment due t o  additions t o  or  
changes i n  the industry o f  the Kenai Peninsula. 
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PACIFIC OCEAN 

Fig 1. Index map showing location of the Kenai National 
Wildlife Refuge (KNWR), Alaska 



BARBELL CLUSTER 

NESTED DESIGN 

Fig. 2 Dendrogram illustrating the unbalanced, nested,analysis- 

of-variance sampling design. 





Fig. 4 Wind-rose diagram 
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Figure 5.--Graphs of aluminum concentrations in relation to increasing 
distance away from the industrial complex at Kenai, Alaska for various 
sampling media, 
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Figure 6.--Graphs of calcium concentrations in relation to increasing 
distance away from the industrial complex at Kenai, Alaska for various 
sampling media. 
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Figure 7.--Graphs of cerium, copper, cobalt, and chromium concentrations in 
relation to increasing distance away from the industrial complex at 
Kenai, Alaska for various sampling media. 
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Figure 8.--Graphs of iron, gallium, and mercury concentrations in relation 
to increasing distance away from the industrial complex at Kenai, Alaska 
for various sampling media. 
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Figure 9.--Graphs of lanthanum, lithium, and sodium concentrations in 
relation to increasing distance away from the industrial complex at 
Kenai, Alaska for various sampling media. 
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concentrations in relation to increasing distance away from the 
industrial complex at Kenai, Alaska for various sampling media. 
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Figure 11.--Graphs of sulfur concentrations in relation to increasing 
distance away from the industrial complex at Kenai, Alaska for various 
sampling media. 
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relation to increasing distance away from the industrial complex 
at Kenai, Alaska for various sampling media. 



Figure 14. - -A mature w h i t e  spruce stand located 0 . 5  km from the 
Unocal and Tesoro facilities showing needle loss ,  a general lack 
of forest  understory shrubs, and a robust ground cover composed 
o f  w a r o s t i s  canadensis (bluejoint grass) .  



Figure 15.--Necrosis and curling of Sambucus callicarpa (elderberry) 
leaves was occasionally observed through the study area but was 
most pronounced and prevalent within about 5 km of the industrial 
complex. 



Tabla 1. L is t ing  of approxinmte Limits of determination fo r  pH and elements reported. 

I I ~ I ~ ~ ~ Q ~ ~ ~ I ~ ~ ~ L ~ ~ O I U ~ ~ ~ ~ ~ ~ ~ = U ~ ~ ~ ~ ~ I ~ ~ ~ T P ~ ~ ~ ~ ~ ~ ~ P ~ I I ~ P ~ ~ ~ ~ I ~ O ~ ~ ~ ~ ~ = ~ = I ~ I  

Annlytical rnethod Hedim Determination l i m i t  Variables 
---------.-----------..----**---------------------------------.*.*-.-*------------------ 

Cmt inuoc~~- f  low h y d r i k  S O ~  1 0.1 ppn As, Se 
generation Plant 1 0.05 ppn 

Inkre t iv t l y -cap led argon Soi l  and 2.0 ppm 
plasma opt ical  ~ l a n t " ~  
mission spc t rwc -  0.05 X 

Continuws-f low cold Sol l 0.02 ppm 
vapor Plant 1 0.01 ppn 

Ag, Cd, La, Li, Mo, N i ,  

SC, Sr, V, Y 

A l ,  Ca, Fe, K, Mg, Na, 
P, T i  

Ba, Be, Co, Cr ,  Cu, rb 
Ce, Ga, Ho, Mn, Nb, Nd, 

Pb, Th, Zn 
Au 
B i 
Sn 
f. 
U 

Water s lu r ry  Soi 1 0.1 m i t s  fl 

Soi 1 0.05% S 
plant1 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ ~ Q P ~ ~ ~ ~ S ~ I P ~ Q ~ I P ~ ~ ~ P ~ I ~ I ~ ~ ~ ~ ~ ~ ~ C I = ~ = I ~ ~ ~ ~ ~ P I ~ ~ ~ ~ ~ ~ = ~ = = O I ~  

Dsternincd on dry plant material. 
Determined on plant ash. 
Seaple mass fo r  plant ash was one-half that far soi ls, 80 deteminat im l im i t s  fo r  plant 
ash a r t  t u i c t  those l i s ted  fo r  soi ls. Values reported era Listed on a dry weight basis. 



Table 2. --Distenee-relatd and procedural variance for elenmt concentrations measured i n  feather moss. 

~ ~ ~ P X X ¶ ~ ~ ~ U ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ ~ ~ I I ~ ~ P ~ I I I ~ ~ ~ I I I I I I Z I I ~ ~ ~ ~ ~ P X X I I Z ~ O ~ ~ ~ ~ Q ~ X Q I X ~ I I I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X S I  

Variable, Percentage of variance: 
mit Total - - - * -_** *_*_~- - - * * - - - - - - - - - - - - - - * - * * - - * - * - - - - - - - * - - - - - - - - - - - - - - - - * * . - * - - - - - - - *  

of log10 Procedural 
masure variance 50 km 25 lun 5 kn 1 lua 0.1 km error 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ash, X 0.04622 76.6* 1.9 6.8 5.7 8.5 0.5 
At, ppn 0.10780 69.4 12.8* 5.7 6.9 5.0 0.2 
As, ppa 0.08903 0.0 37.6' 0.0 22.F 0.0 ' 39.7 
Ba, ppln 0.120B8 34.1 26.3* 0.2 0.0 37. I* 2.3 

Ca, ppn 0.02918 43.6* 13.6 0.0 0.0 41.8* 1 .O 
Ce,ppln O.OM53 42.1* 13.9 1.9 23.3 18.5* 0.3 

Co, ppo 0.06362 62.8* 0.0 0.2 25.5 11.2* 0.3 

Cr ,  ppl 0.05007 48.4* 0.0 27.6' 15.0* 4.6* 4.4 

CU, pen 0.00876 13.6 0.1 12.1 15.7 54.2* 4.3 
f e , ~  0.08652 66.5* 9.1 8.9 8.8' 5.8 0.9 
Ga, ppn 0.05602 55.4 10.4* 5.8 15.2 11.0 2.2 
Hg, ppa 0.03022 0.0 36.4* 13.3 0.0 48.2* 2.1 
K,ppn 0.00739 0.0 12.6 0.0 71.8* 12.0 3.6 
La, ppln 0.04136 67.F 0.0 6.6 12.2 12.2* 1.3 
L i ,  ppln 0.05R8 56.5* 0.0 14.3 16.7 12.2' 0.3 
Ma, ppn 0.02924 55. O* 0.0 9.6 14.1 21 .O* 0.3 
Hn, ppn O.MT78 0.0 41.5* 0.0 12.3 46.0R 0.2 
Na, ppn 0.10492 68.6 14.P 5.5 5.1 5.9* 0.2 
N d , p  0.06529 62. O* 18.3 6.2* 6.6 4.3 2.6 
Ni, p ~ m  0.02868 20.5* 0.0 34.3* 31.9 12.1* 1.2 
P, p~nr  0.00831 0.0 13.9 0.0 54.8 30.P  0.8 
Pb, ppn 0.08204 1.1 58.3* 9.5 13.1 16.8* 1.2 
S, 0.01044 0.0 56. 0* 0.0 1.4 37.2 5.4 
Se, ppn 0.09605 67. l* 9.8 7.5* 9.9 5.5' 0.2 
Se,ppn 0.09711 14.5 3.4 0.0 44.2 13.6 24.3 
Sr,ppn 0.06391 55.0* 0.0 7.6* 0.0 37.3* 0.1 
T i ,  ppn 0.10945 76.5* 2.5 6.1 9.4* 4.6 1.1 
V,ppn 0.09782 68.4 9.3* 6.3 10.0 5.5* 0.5 
Y, ppn 0.08883 63.2 18.6* 0.8 11.3 6.0' 0.1 
Yb, ppn 0.06294 69.1 11.P 1.6 11.6 6.2* 0.3 
Zn,ppln 0.03390 6.5 0.0 0.0 58.7 34.7 0.1 
= = ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ ~ = f = = = = ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ z z ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ x x ~ ~ ~ ~ ~ ~ ~ z ~ ~ ~ ~ ~ ~ ~ x a z ~ ~ ~ ~ ~ = ~ a ~ ~  

Stattstfcally slgntf icant at  the 0.05 probability Level. 



fable 3. Variance mean ra t io  and estimated nuher of sanples necessary uithin a ce l l  of 
s p c i f  iced size to prepare stable geochemical mps for feather moss. 

Ohn, variance meen ratio; nr, r d x r  of sarrples required; 80% and 9% probability levelsl 

~IIIIPIIUIII=II=~III=~~IIII~~~I=I=II~II==PI=======~~=~=IIIIII=======I=~IQ==IIP~IIIII%I 

Variable, ---50 km cel l - - -  - 5  h cel l - - -  - - - -5 b cel l - - -  - - -  1 km cell--- 
vlit "r 

-..*------- 
"r --.-*------ "r 

*-----.---- 
"t 

of - - - - - - - - - - -  
measure Vm 80% 95% Vm 80% 95% vm 80% 95% Vm 80% 95% 
* - - - - - - - * - - - - - * - * - * - * - - - - - - - - * - - * - * - - - * - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - * * - - - - -  

Ash, % 16.0 2 3 10.3 2 3 12.8 2 3 18.8 2 3 
A l ,  ppa 7.2 3 4 12.5 2 3 14.7 2 3 32.9 2 2 

As, PW 
1 - - -  2.6 3 7 1.6 3 7 4.6 3 4 

6.8 ppl 1.9 3 8 6.9 3 4 4.2 3 4 2.8 3 4 
Ca, ppl 3.8 3 6 6.1 3 4 3.6 3 4 2.4 3 4 
Ce,ppm 3.1 3 6 4.3 3 4 2.8 3 4 7.8 2 3 
Co. pp~ 11.3 3 4 5.7 3 4 3.3 3 4 14.0 2 f 
er, ppl 4.4 3 5 2.2 3 5 6.5 2 3 2 7  2 3 
CUB Ppn 1.1 6 *15 0.6 6 w15 0.8 4 10 1.3 3 6 

Fee IW 7.2 3 4 8.1 2 3 11.1 2 3 26.3 2 2 
Ga,ppn 5.1 3 5 5.9 3 4 5.3 2 3 12.6 2 3 

Hg, pprn --- * - -  - - -  2.0 3 7 2.7 3 5 1.8 3 5 

K* W --- - - -  * * -  0.5 7 *I5 0.3 7 >I5 10.7 2 3 
La, p~ 12.7 3 4 6.4 3 4 6.2 2 3 11.9 2 3 
L i ,  pplr 6.9 3 4 3.5 3 4 4.9 2 3 12.7 2 3 
no, #m 7.5 3 5 3.7 3 5 4.0 3 4 6.7 2 3 
H", ppR *- -  - - -  - - -  2.9 3 6 1.7 3 6 2.1 3 5 
Ma, ppn 6.6 3 4 13.7 2 3 16.9 2 3 28.1 2 2 
Nd,ppn 4.9 3 4 11.4 Z 3 14.1 2 3 28.9 2 2 
Ni,ppn 1.3 5 13 0.6 5 13 2.3 3 5 12.1 2 3 
p, PPln * - -  * * *  - - -  0.6 6 w15 0.3 6 *I5 4.0 3 4 
Pb, ppn *O.l *15 ,I5 4.4 3 4 4.8 3 4 8.4 2 3 

S, X --. -- -  - - -  5.8 3 4 3.5 3 4 2.6 3 4 

S C , ~  7.2 3 4 8.8 2 3 10.7 2 3 30.3 2 3 
Se, P P  1.1 6 >I5 0.8 5 15 0.5 5 15 4.0 3 4 
Sr, ppp 8.8 3 5 4.4 3 5 4.5 3 4 3.0 3 4 
fi,ppm 14.9 2 3 10.3 2 3 11.4 2 3 33.9 Z 2 
v, PP 7.8 3 4 9.6 2 3 10.4 2 3 29.2 2 2 
y r  W ,5.2 3 4 1 4 7  Z 3 9.2 2 3 27.7 2 2 
Y b , p  7.9 3 4 13.0 2 3 8.9 2 3 26.2 2 2 
Zn,ppn 0.5 1 1  w15 0.2 1 w15 0.1 11 r15 3.4 3 4 
~ = = I ~ ~ = ~ ~ ~ ~ E ~ ~ I I P ~ = P ~ ~ = I ~ S Q I ~ = P = Q Q ~ = I = = ~ = I ~ ~ ~ I ~ ~ I I I I I I I ~ = ~ = = = = = = = = = = ~ = = = L I I I ~ = = = = =  

Not determined 



Table 4. Pistawe-related and procedural variance for element conemtrationsmeasurcd i n  white spruce. 

I P P ~ ~ P ~ ~ = = ~ - = = - ~ = = = ~ = = = = = = = = = = = ~ = = = = = = = = = ~ = = = = ~ P = P = I ~ ~ ~ P ~ ~ I = = ~ = = = ~ ~ ~ ~ P I ~ = = = = = ~ ~ ~ ~ = ~ ~ ~ ~ I S P ~ Z - - - ~ ~ ~  ----- 
Variable, Percentage of variance: 
wit Total - - _ _ _ _ - _ _ _ C - - _ _ _ _ * _ - - * - - - ~ - - - - - - * - - - - - - - - - - * - - - - - - * - - - - - - - - - - - - - - - - * * - * * - - - - - -  

of Log10 Procedural 
masure var i anee 50 km 25 km 5 km 1 km 0.1 km error 
- - - - _____* . - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - * * - - * - - - - - - - * - - - - - - - - - - - * - - - - - - - - -+ * - - - - - - - - * - - - - - - - - - - - - -  

Ash, X 0.003% 15.1 0.0 0.0 47.9 36.P 0.1 
A t ,  ~ l p n  0.07843 0.0 29.9 30.8* 4.2 34.P 0.5 
As, p ~ l ~  0.00000 0.0 0.3 0.0 0.0 99.7 0.0 

Ba, ppn 0.03035 2.0 0.0 0.0 49.2 26.5 22.3 
Ca, ppa 0.01771 2.5 0.0 20.2 0.0 7 5 9  1.8 
Cc, #m 0.01530 1.2 0.0 0.0 27.2* 0.0 71.6 
Co, #m 0.02321 0.0 0.0 28.0* 34.1 34.4 3.5 

Cr, ppn 0.05073 0.0 39.3* 19.5 0.0 40.6* 0.6 

Cu, ppn 0.007P3 5.0 4.7 0.0 73.3* 13.4 3.6 

F t ,  #m 0.07079 0.0 44.0' 21.8 2.3 31.7* ' 0.2 

Ga, ppn 0.01490 12.3 8.8 0.0 0.1 78.8* 0.0 

Hg, plrn 0.02418 0.0 26.6* 4.4 0.0 69.0* 0.0 

K, ppn 0.01602 0.0 0.0 12.7 38.4 48.9* 0.0 
La, ppn 0.01694 0.0 7.1 34.6* 0.0 50.2 8.1 
Li ,  ppn 0.05850 0.0 0.0 M . O *  0.0 51.9 12.1 

Ma, 0.00962 0.0 0.0 0.0 79.4* 19.6' 1 .O 
Mn, #m 0.05430 0.0 27.7 0.0 60.3* 11.5* 0.5 
Na, ppln 0.08146 0.0 29.4* 6.0 23.1 41.4* 0.1 
Nd, ppa 0.02132 0.0 0.0 0.0 25.4 26.4 48.2 
N i ,  p n  0.06557 5 5 3  1.4 0.0 30.0 13. I* 0.2 

Pa PP" 0.00945 0.0 13.9 1 .O 60.6 23.8* 0.7 
Pb, ppn 0.02907 0.0 17.3* 28.1 0.0 54.6* 0.0 

S, X 0.00699 28.3* 12.6 21.3 10.0 27.8 0.0 
Sr, ppn 0.03279 4.6 0.0 0.0 60.8 33. a* 0.8 
Th, ppn 0.01019 0.0 9.0 0.0 76.6* 14.4* 0.0 
T i ,  ppn 0.17221 0.0 18.P 20.6 0.0 46.3 14.2 
V,ppn 0.11320 0.0 33.2* 17.1 0.5 48.3* 0.9 
u, w" 0.01517 0.0 6.2 0.0 19.7 2.3 71.8 
Zn, ppn 0.029T3 0.0 16.7 0.0 39.0 44.2* 0.1 
t ~ a ~ l t s l ~ ~ ~ ~ a ~ ~ t ~ t t s ~ t a ~ ~ ~ t ~ a = ~ = = = = ~ ~ = = = ~ = = = = = = = = = = = = = = = = - = - ~ s s t ~ t ~ = - - - - - - - - - = ~ = ~ ~ = = = = = = = a = ~ ~ ~  --------- 
* stat ist ical ly significant at  the 0.05 probebf l i t y  level. 



Table 5. Variance mean r a t i o  and estimated nunber of sanples necessary within a c e l l  of 
specificed size to prepare stable geochemical maps for uhite spruce. 

CVm, variance nm?m ratio; n,, nuRber of sanples; 80% a d  %X,  probabi 1 i ty levels1 

X====~~=====~-==========*=L========~==============~======~======~S==~~~~=S=SS============ 

Variable, ---50 km ce l l - - -  ---25 km ce l l - - -  - - - -5  km c e l l - - -  - - -  1 k c e l l - - -  
mit nr - - - - - - - - - - -  "r 

- - * - - - - - - * -  
"r 

- - - - - - * - - - *  
"r 

of - - - - - - - - - - -  
measure 80% 95% vm 80% 95% vm 80% 95% Vm 80% 95% 
- - - - - - - - - * * - - + - - - - ~ - * - - - ~ h - - - - ~ - - - - - * - - * - - - * - - - - - - - - * - - - - - - - - - - - * - * - * - - - - - . - - - - - - - - - - - - * -  

Ash, X 1.3 6 >I5 0.6 6 >IS 0.4 6 *15 3.1 3 4 

At, Fm 
1 - - -  * * -  1.1 4 9 3.9 3 4 3.3 3 4 

As, Ppn --- --- - - -  - - -  - a m  - -*  - - -  --- 4.1 *I5 > I5  
Ba, ppm 0.2 >I5 >I5 0.1 >I5 ~ 1 5  c0.1 >I5 >15 2.3 3 5 
Ca, ppn 0.2 >I5 *15 0.1 >I5 >15 0.8 4 12 0.5 4 12 
Ce, #*n 0.1 >IS >I5 0.1 >15 >15 cO.1 ~ 1 5  r15 1.2 4 9 

co, ppaP * - -  --- --*  --- * - -  **-  0.8 4 9 3.1 3 4 

Cr, ppl _ - -  _ _ _  2.0 3 7 3.8 3 4 2.6 3 4 

cue Ppn 0.3 14 >I5 0.3 8 >I5 0.2 8 ~ 1 5  9.6 2. 3 
FC, ppP --- - - -  - - *  2.2 3 6 4.9 3 4 3.8 3 4 
Ge, ppn 0.9 7 >I5 1.2 5 13 0.7 5 13 0.5 5 13 

Hg, ppn -- -  - - -  - - -  1.5 4 10 1.2 4 9 0.8 4 9 

K, Ppn - - -  * - *  - - -  --. --*  *-a 0.3 7 *I5 1.9 3 5 

La, WQ * - -  * - *  - - -  0.2 10 >IS 2.0 3 6 1.4 3 6 
Li, ppa - * *  * - *  - - -  - A -  --- * - -  1.6 3 7 1.1 3 7 
Ha, P P ~  --- - - -  - - -  - * -  - - -  - - -  .-- ---  --*  7.1 2 3 

nn* ppn - * -  * - *  1.2 4 10 0.7 4 10 13.5 2 3 
Ma, ppa - - *  * * *  - - -  1.5 4 9 1.2 3 7 2.5 3 4 

Nd, ppn _ _ -  _ _ _  --- --- - - -  --- - - -  --- 0.8 4 10 

Ni ,ppn 7.7 3 5 4.4 3 4 2.5 3 4 11.8 2 3 

p* PP' - * -  * - *  - - -  0.5 6 *15 0.3 6 *IS 5.6 2 3 
Pb, m * - -  - - -  0.6 5 *1S 2.2 3 6 1.5 3 6 

s, x 1.7 4 9 1.9 3 6 3.8 3 4 4.7 2 3 
Sr, P V  0.3 15 >15 0.2 15 *I5 0.1 15 *IS 3.4 3 4 
Th, IV --* * - -  --- 0.3 9 >15 0.2 9 a15 10.7 2 3 

Ti ,  Ppn --- --- * - -  0.8 5 14 1.9 3 7 1.3 3 7 
v, #ra --I 1.6 3 8 2.7 3 5 1.9 3 S 

u, F P  - - *  --- * - -  0.3 12 ~ 1 5  0.2 12 .I5 1.0 4 10 
Zn* ppl --* * - -  --- 0.7 5 *I5 0.4 5 *I5 2.3 3 5 
~ ~ ~ ~ ~ m ~ n = ~ n ~ = ~ s a = ~ ~ = = = = = = = ~ - = = = = = = ~ ~ ~ = = = = = = = = = = = ~ ~ ~ a ~ s - n ~ x ~ x ~ = = = = = = = = = = = = = ~ ~ ~ = = = ~ ~ =  

Not determined 



Table 6. Distance-related and procedural variance for pH, ash yield, and element concentrations 
lneasured in  the 0-horizon of soils. 

=tltllllllllllttl~~~11IInttIIttlt~1III1t~~~t11ItPIIt11~1~~==I===~stItPP=~~~~~=========P=am==== 

Variable, Percentage of variance: 
unit Total -I*--_------___-_-*--**-*-*.--**-d--*------***----------------*-**------------ 

of log10 Procedural 
measure varianee 50 h 25 km 5 h 1 km 0.1 km error 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PHI 0.21830 0.0 2 8 3  0.3 0.0 70.8* 0.6 
A t ,  X 0.03703 11 -4 6.6 29.0 13.9 38.6* 0.5 

As, ppn 0.04275 5.0 18.3 0.0 0.0 76.8* 0.0 
Ash, X 0.03148 15.5 9.1 0.0 22.4 52.8* 0.2 

Ba, p~ 0.05676 0.0 23. 0* 0.0 0.0 76.V 0.1 
ce, X 0.02818 35 -9 24.P 0.0 0.0 38.St 0.9 
Ce, ppn 0.03216 0.0 0.0 34.9 0.0 61.6* 3.5 

Co,ppn 0.04683 20.2 31 .P 5.7 0.0 39.0* 3.4 
C r o w  0.05009 0.0 12.2 10.1 0.0 17.0 60.7 

Cu, ppn 0.00945 0.0 32.3* 20.0 22.4 21.2* 4.3 
Fe, X 0.04328 22.2 0.0 38.5. 8.4 30.0* 0.9 
Ga, ppn 0.05261 19.7 0.0 11.1 0.0 67.3* 1.9 

Hg, ppm 0.02255 16. I* 21.7 0.0 33.6 22.1* 6.5 

K, X 0.01962 0.1 10.2 25.9 0.0 58.V 4.9 
La, pprn 0.02716 0.0 21.3 14.9 0.0 63.1* 0.0 

Li, ppn 0.03% 1.9 0.0 9.1 26.4 60.P 1.7 
ng, X 0.03363 36.4* 9.6 16.3 10.1 26.P 0.9 
Mn, ppn O.UM 6.7 0.0 17.6 0.0 75.8* 0.0 
Ma, X 0.03769 16.3 2.4 26.9 18.4 35.P 0.3 
Nd,ppn 0.05508 0.0 0.0 43.7 0.0 50.9* 5.5 
N i ,  ppln 0.03712 0.0 46.P 1.9 8.4 0.0 42.7 
p. % 0.00665 0.3 0.0 4.0 0.0 94.4* 1.3 
Pb, ppn 0.14951 0.0 20.1* 0.0 0.0 n.O* 7.9 

5. x 0.01210 0.0 12.8 0.0 60.4 18.6* 8.3 
Se,ppn 0.04339 15.0 0.0 30.2 23.3 31.5 0.0 
se, ppn 0.04236 0.0 22.5 33.8* 0.0 7.8 35.9 
Sr,ppln 0.02709 9.8 47.4* 0.0 1.9 39.1* 1.8 
T i ,  X 0.04381 10.3 0.0 36.1 14.8 38.0* 0.8 
V , p p a  0.02828 2.2 0.0 37.4 17.6 42.4* 0.4 

P P  0.03888 31. I* 0.0 22.0 20.7 24.8* 1.4 
Zn, pprn 0.05521 1.8 0.0 0.7 0.0 97.P 0.1 
I ~ a l l . l l l x l t t l l l ~ ~ ~ = = = = = = = = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 ~ P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D ~ ~ ~ ~ ~ x x 1 1 ~ ~ ~ ~ = ~ ~ ~ I t ~ ~ = ~ = = = f a  

Measured i n  standard w i t s ,  not transformed to l o g e r i t h .  
* Statistically significant at  the 0.05 probability level. 



Table 7. Variance mean r a t i o  and estfrneted n h r  of sanples necessary within a c e l l  of 
specificed s i t e  to prepare stable geochemical mps for the 0-horizon of soils. 

IVm, variance mean ratio; nr, nunkr of sanples; 80% and %X, probabi 1 i ty Levels1 

xx~axP~sl l=~=~=l===e~-- - - - - - - - - - - -~~~- -~~-~~ ---------,-----------===============e==ax==============~~~===s==== 

Variable, ---SO km ce l l - - -  ---25 km ce l l - - -  - - - -5  b cel l - - -  - - -  1 km ce l l - - -  

measure . Vm 80% 95% Vn 80% 95% Vm 80% 95% Vm 00% 95% 
- * - - * - - - - - - * - - - - - * - - * - * - - - - - - * - - * - - - * - - - - - - -d - -hh* - - - - * - - - - - - * - - - - - * - - - - - - - - - - - - - - - * - - * - -  

pH, std. 1 - - -  - - -  - - *  1.8 4 9 1.1 4 9 0.7 4 9 
Ash, X 1.1 6 >I5 1.4 4 12 0.7 4 11 1.6 3 5 
AL,  ppn 0.6 7 >I5 0.6 5 15 2.1 3 5 2.8 3 4 
As, F 0.3 14 >I5 1.4 4 12 0.8 4 12 0.5 4 12 

Be. ppn --- - - -  - - -  1.3 4 12 0.8 4 12 0.5 4 12 
Ca, ppn 2.2 3 7 7.0 3 4 4.1 3 4 2.8 3 4 

ce, m ---  - - -  - - -  --a - - -  * * -  1.5 3 7 1.0 3 7 
Con pPlll 0.9 5 13 4.2 3 5 3.7 3 4 2.5 3 4 
Cr, w --- * -*  - - *  0.6 7 >I5 1.0 4 12 0.8 4 12 

cu, ppa - - -  - - -  - - *  1.3 4 8 2.4 3 5 5.7 2 3 

re, W 1.4 4 12 0.7 4 12 3.7 3 4 4.1 3 4 
Ga, p(m 1.8 5 14 0.9 5 14 1.2 4 9 0.8 4 9 

Hg. W 0.8 6 >I5 2.2 3 7 1.3 3 7 4.9 2 3 
K ,  Fm ~0.1 rl5 >I5 0.4 8 ~ 1 5  1.6 3 7 1.1 3 7 
La, ppR - * -  --- - - *  1.0 4 12 1.6 3 7 1.0 3 7 
L i ,  ppn 0.1 215 215 0.1 215 >15 0.3 7 215 1.1 3 7 

~ a .  w 2.6 3 7 2.5 3 6 3.8 3 4 4.8 2 3 
nn, #*n 0.5 11 >15 0.3 11 >I5 0.9 4 11 0.6 4 11 
Na, ppn 1.0 5 >I5 0.6 5 14 1.9 3 6 3.2 3 4 

Nd, Ppn - - -  - - -  - - -  --- * - *  2.1 3 6 1.5 3 6 

M i ,  ppln - - -  --- * * -  4.3 3 5 3.1 3 5 4.0 3 4 
P, ppn 4.1 .I5 215 ~0.1 >I5 >I5 0.1 >15 >I5 0.1 >15 >15 

Pb, Ppn --- - * -  - - -  1.2 5 13 0.7 5 13 0.5 5 13 

s, - - -  - - -  - - -  0.5 7 >I5 0.3 7 215 5.6 2 3 
SC, pplll 1.0 6 >IS 0.5 6 >I5 1.8 3 6 3.9 3 4 
Se. pprn - - -  * - *  * - -  0.8 4 12 4.7 3 4 3.5 3 4 
Sr,  p p  0.3 8 >I5 5.9 3 4 3.5 3 4 2.6 3 4 
Ti, ppln 0.6 8 *15 0.3 8 >I5 2.0 3 6 2.9 3 4 
v, Ppn 0.1 >I5 > I5  0.1 >15 *I5 1.5 3 7 2.4 3 4 
y, Ppa 2.5 4 8 1.2 4 8 2.4 3 5 5.2 2 3 
Zn, ppn 0.2 215 >I5 0.1 *15 *15 0.1 >15 215 eO.1 ~ 1 5  215 
u t a ~ ~ = = = ~ = = = = = = a ~ = ~ ~ n ~ a ~ x s s ~ x ~ ~ t a x ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s x a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ x  

Not determined 



Table 8. Distance-related and procekrral variance for pH and aLumznt concentrations measured i n  
the C-horizon of soils. 

Variable, Percentage of variance: 
unit Total - * * - * * I * * * - * - - - - - - - - - - - - - - - " - - - - * * - - - - - * * - - - - - - - - * * - - * * * - * - - - - - - - - - - - - * * * - - - - +  

of Log10 ProceduraL 
measure v a r i a ~ e  50 kn 25 h 5 krn I h 0.1 km error 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PHI 0.05764 0.0 0.0 5.3 47. Of 0.0 47.7 
At, X 0. 00090 34.P 0.0 13.3 11.9 0.0 40.0 

As, ppn 0.07052 T2.0 14.5* 0.0 0.0 13.0 0.5 

@a, ppn 0.00168 51.2 18.2* 0.0 3.4 21.1 6.1 
Ca, X 0.01909 83.P 1.7 0.0 0.0 13.5* 0.9 

Ce, ppn 0.00701 56.P 0.0 5.1 11.5 15.3 12.1 

Co, ppn 0.00610 13.2' 0.0 0.0 66.3, 13.9 6.6 

Cr, ppn 0.03239 63.P 0.6 0.0 1.1 7.9 6.6 
Cu, #m 0.00491 0.0 9.3 0.0 78.8' 8.9 3.0 
Fe, X 0.00151 26.5 25.7  0.0 6.9 13.4 27.5 
Ga, ppn 0.00211 0.9 8.1 0.0 0.0 45.8 45.2 
H g , p  0.0ff55 0.0 28.P 4.1 23.4, 0.0 43.8 
K. X 0.00271 0.0 18.2* 0.0 0.0 75.4* 6.4 

La, ppn 0.00337 29.7 0.0 25.7 0.0 35.9 8.7 
L i ,  #m 0.01340 79.5* 4.3 0.0 0.0 11.5 4.7 

Mg, X 0.00361 0.0 15.6* 0.0 0.0 74.8* 9.6 
Mn, ppn 0.01201 48.6 26.2* 0.0 15.1* 6.6 3.5 
Na, X 0.00106 29.91 8.2 0.0 27.1 6.8 28.0 
Nd, ppn 0.00609 24.2* 0.0 14.7 22.6 0.0 38.5 
N i ,  ppn 0.07415 70.2* 7.6 0.0 0.0 22. O* 0.2 
P, X 0.04476 5 7 2  0.0 2 2 . P  4.9 9.7 5.3 
Pb, ppn 0.01096 18.3* 0.0 22.4* 0.0 0.0 59.3 
Sc, p p ~ l  0.00280 49.2 0.0 0.1 31.3* 0.0 19.4 
Se, ppnr 0.01032 0.0 20.0 0.0 20.9 59.1f 0.0. 
Sr, #m 0.01114 T7.6* 1.2 0.0 9.9 10.1* 1.2 
T i ,  X 0.00233 54.P 0.1 0.0 0.0 34.2 11.1 
V , p p n  0.005Z2 57.5 14.8* 0.0 0.0 24.V 2.8 
Y, p ~ ~ l  0.00237 2.3 0.0 31.8 0.0 54.9* 11.0 
Yb, ppn 0.01542 0.0 0.2 32.0* 0.0 67.8 0.0 
zn, #n 0.01007 2.4 6.1 0.0 35.4 0.0 56.1 
~ = = = ~ ~ l x l l R l l ~ l t l l a x 3 x ~ P ~ ~ ~ ~ P P ~ ~ ~ ~ ~ ~ ~ I ~ a l x l 1 n l 1 1 1 = = 1 ~ ~ ~ 1 ~ ~ - - - - - - ~ ~ s P I ~ ~ ~ ~ ~ ~ ~ a P I ~ ~ ~ L = x ~ = = ~ ~ ~ =  

Measured in stamlard w i t s ,  not transfomd to logarithm. 
* Stat ist ical ly significant a t  the 0.05 probability Level. 



Table 9. Variame man rat io and estimated mmber of raaples necessary within a cel l  of 

specificed si te  t o  prepare stable geochemicaL maps for the C-horitcn of soils. 

fVm, v a r i m e  man ratio; nr, n u b r  of senples; 80% and E X ,  probability Levels1 

= = ~ ~ ~ ~ ~ 1 ~ ~ t ~ ~ x x x ~ x x ~ x ~ n a x n a a a x a a a x x a 1 a a x 1 a a x 1 r ~ 1 ~ ~ ~ 1 a a n a x 1 a x 1 1 1 ~ ~ ~ 0 = x 1 % = 1 ~ ~ ~ = = = = = =  

Variable, -- -SO kin cel l - - -  ---25 k~ cel l - - -  ----5 kn cel l - - -  --- 1 km cal l - - -  
mit "r --.-------- "r ----------- "r - - - - - - - - - - -  "r 
of - -* - - - - - -* -  

mt~sure kn 80% 95% Vlll 80% 95% Vm 80% 95% Vm 80% 95% 
- - -_____- - - - - -___- - - - - - - - - * - * * - * * - - - - - - * - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - * - - -  

pH, std. 1 -.... --- * - *  --- - - -  - * -  0.1 14 >I5 3.3 3 5 
A l ,  ppn 3.9 3 8 1.9 3 8 2.8 3 5 4.5 3 4 
As,- 8.3 2 3 29.3 2 3 17.4 2 3 11.7 2 3 
Be, 4.1 3 5 10.2 3 4 6.1 3 4 5.3 2 3 
C a , p  34.7 2 . 3  27.2 2 3 16.2 2 3 11.0 2 3 
Cc, Ppn 9.3 3 4 4.6 3 4 3.9 3 4 5.8 2 3 
Co, ppn 1.0 6 .15 0.5 6 .I5 0.3 6 ~ 1 5  8.0 2 3 
Cr, ppn 44.1 2 3 26.2 2 3 16.0 2 3 12.9 2 3 

cu, ppn --- - - -  - - -  0.3 . 8 ~ 1 5  0.2 8 >15 14.8 2 3 
Fe, ppn 1.5 4 10 5.3 3 5 3.3 3 5 3.5 3 4 
GI ,  pprn 0.1 *15 >15 0.5 9 >15 0.3 9 ~ 1 5  0.2 9 >15 

Hg, ppn - - -  - - -  * * *  1.6 4 9 1.3 4 8 3.9 3 4 

K *  ppln - - *  - - -  - - -  1.0 5 15 0.6 5 15 0.4 5 15 
La, ppn 2.5 4 9 1.3 4 9 3.5 3 5 2.4 3 5 
L i , p p  21.0 2 3 25.1 2 3 15.3 2 3 10.5 2 3 

Ma, rn - - -  * * -  - - -  0.9 6 >I5 0.5 6 .15 0.3 6 >I5 
Mn, ppn 2.9 3 5 10.6 2 3 6.1 2 3 18.6 2 3 
Na, ppln 2.6 4 9 2.5 3 7 1.5 3 7 5.0 3 4 
Nb, p p  0.3 13 a15 0.3 13 .I5 0.5 7 *I5 0.4 7 >15 

Nd. ppn 1.1 4 11 1.1 4 11 1.7 3 7 4.8 3 4 
N i ,  ppn 15.8 2 3 15.8 2 3 9.4 2 3 6.3 2 3 
p, Pprn 3.3 3 4 3.3 3 4 10.2 2 3 11.9 2 3 
Pb, ppn 0.8 5 15 0.8 5 15 2.7 3 6 2.1 3 6 
Sc, ppm 3.6 3 5 3.6 3 5 2.1 3 5 12.4 2 3 
Se, ppn 1.0 5 13 1.0 5 13 0.6 5 13 1.2 3 6 
Sr, ppn 13.7 2 3 13.7 2 3 7.9 2 3 14.7 2 3 
Ti, ppn 5.8 3 5 5.8 3 5 3.5 3 5 2.4 3 5 
V, #~RI 12.0 2 3 12.0 2 3 7.2 2 3 4.9 2 3 
Y r  W 0.1 >I5 *15 0.1 .I5 >15 1.5 3 8 1.0 3 8 

Yb, ppl *0.1 *I5 ~ 1 5  ~ 0 . 1  ~ 1 5  .I5 1.3 4 8 0.9 4 8 
Zn, ppn 0.4 9 ~ 1 5  0.4 9 ~ 1 5  0.2 9 .15 2.4 3 6 -- --I=---~~~P~~P=====~~=======~=IPPI=-=~II~IIP~PP~~~======C===I=====~===~~PIS~==== 

Not determined 



Table 10. Coefficient of determination between logarithmic distance 
and elanent concentration, or ash yield for white spruce 
and feather moss along three transects. 

~1IUt1I~~I~ullxl~lttI1m1Itttm11ttItItIxaxtaIPt~~~~~~~s~=====aIII= 

Variable, East fransect North Trarseet South Transect 
mit of - - - - - - - - - - - - - - - - -  ------------------ - - - - - - - - - - - - - - - - -  
-sure Spruce Moss Spruce Moss Spruce Moss 
- - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - * - - - - - - - * * - * - - - - - - - - - -  

Ash, X 0.12 0.31 0.64 0.49 0.19 0.36 
A l ,  X 0.19 0.48 0.03 0.56 0.12 0.32 

As, ppn 0.21 0.16 0.02 0.08 0.15 0.04 

Ba, ppn 0.45 c0.01 0.48 0.35 0.12 0.05 

Ca, X 0.42 cO.01 0.81 0.11 0.04 0.18 

Ce, ppm 0.12 0.40 0.11 0.56 0.17 0.31 

Co, ppn 0.08 0.11 0.07 0.61 0.01 0.23 

Cr, ppl 0.38 0.02 0.19 0.52 0.20 0.03 

Cu, ppn 0.46 0.05 0.11 0.49 0.35 0.26 

Fe. X 0.15 0.U 0.11 0.61 0.11 0.24 

Ge, p ~ n  0.07 0.35 0.12 0.49 0.19 0.28 

Hg, ppn 0.19 0.14 0.14 0.02 0.02 0.21 

K, X 0.30 0.02 0.04 0.45 0.14 0.31 

La, ppm 0.18 0.23 0.36 0.50 0.28 0.25 

Li, ppn 0.49 0.09 <0.01 0.58 0.20 0.14 

ng, x c0.01 c0.01 0.48 0.49 0.03 0.45 

Hn, ppa 0.07 0.08 0.18 ~0.01 0.04 ~0.01 
Ha, X 0.10 0.55 0.27 0.58 0.13 0.42 

Nd, ppm 0.27 0.25 0.03 0.44 0.05 0.24 

M i ,  ppn 0.23 0.06 ~0.01 0.56 0.18 0.16 

f', X 0.46 0.18 0.16 c0.01 0.25 0.05 

Pb, ppm 0.48 0.32 0.10 0.18 cO.01 0.01 

s. x 0.62 0.17 0.64 0.50 0.27 0.62 

SC, ppa -.- 0.40 -.- 0.52 -.- 0.22 

Se,ppa -.- 0.23 *.- 0.25 -.- 0.16 

Sr, ppn 0.36 0.01 0.62 0.01 ~0.01 0.21 

Th, ppn 0.21 - .  *0.01 - - 0.28 - - 
T i ,  X 0.28 0.44 0.01 0.58 0.34 0.26 

V, ppn 0.16 0.45 0.13 0.58 0.03 0.29 

U, ppn 0.01 - - 0.24 - - 0.03 - - 
Y r  PPln * - -  0.66 *.* 0.53 - - -  0.46 

Yb,ppn -.- 0.62 -.- 0.46 *.- 0.45 

Zn, ppn 0.11 0.01 0.30 0.40 0.02 0.31 
-P=T==~~~UIIL~=~I====I==I====~====~==--========I==I~II~~I~--- --- 



Table 11. Regression equations fo r  var iables  i n  p lants  and s o i l s  with 
coeff ic ients  of determination greater  than 0.50. 

- - - .. -. . 

Transect 
Variable d i rect ion 
- * - - - - - - - - - - - * + - - - - -  

A S ~  North 
Ahuninum East 

North 
Arsenic E a s t  

North 

Calcium East 

North 

Cerium North 
Cobalt North 
Chromium East 

North 

Copper North 
Iron North 
Gallium East 
Mercury East 

South 
Lanthanum North 
Lithium East 

North 

South 
Sodium East 

North 
Nickel East 

North 

Phosphorus East 
South 

Sulfur East: 
North 

South 
Scandium East 

North 
Selenium East 
Strontium East 

North 

Titanium East 
North 

Vanadium North 
Yttrium East 

North 
Ytterbium East 

Sample medium 
, - - - - - - - - - - - - - - -  

White spruce 
C horizon 
Feather moss 
B horizon 
B horizon 
C horizon 
B horizon 
C horizon 
White spruce 
C horizon 
Feather moss 
Feather moss 
B horizon 
C horizon 
Feather moss 
B horizon 
C horizon 
0 horizon 
Feather moss 
C horizon 
C horizon . 
C horizon 
Feather moss 
B horizon 
C horizon 
Feather moss 
C horizon 
B horizon 
Feather moss 
Feather moss 
B horizon 
C horizon 
Feather moss 
B horizon 
C horizon 
C horizon 
B horizon 
White spruce 
Feather moss 
White spruce 
Feather moss 
B horizon 
Feather moss 
C horizon 
B horizon 
White spruce 
C horizon 
B horizon 
Feather moss 
Feather moss 
Feather moss 
C horizon 
Feather moss 
Feather moss 

Regression equation 1 
- - - - - - - - - - - - - - - - - - - - - - - - - -  
Log Ash- 0.43 +0.13 LogX 
Log A1 - 0.92 -0.03 LogX 
Lag A1 - 4.02 -0.31 LogX 
Log A s  - 0.62 e0.21 LO@ 
Log As - 0.64 +0.00 LogX 
Log As - 0.72 +0.24 LogX 
Log Ca - 0.40 -0.12 LogX 
Log Ca - 0.32 -0.11 LogX 
Log Ca - 3.48 +0.25 LogX 
L,og Ca - 0.32 -0.13 LogX 
Log Ce - 0.62 -0.32 Lo@ 
Log Co - 0.34 -0.22 Logx 
Log C r  - 1.44 +0.20 LogX 
Log Cr - 1.67 +0.16 Lo@ 
Log C r  - 0.84 -0.21 LogX 
Log Cr - 1.37 +0.26 LogX 
Log C r  - 1.59 +O. 19 LogX 
Log Cu - 1.21 -0.10 Logx 
Log Fe - 3.66 -0.28 Lo@ 
Log Ga - 1.29 -0.05 Lo@ 
h g  Hg 1-1.06 -0.27 LogX 
Lbg Hg --1.06 -0.33 LogX 
Log h - 0.38 -0.18 LogX 
Log Ll - 1.21 +0.13 Lo@ 
Log Li - 1.39 +0.06 Lo@ 
Log Li - 0.33 -0.23 LogX 
Log Li - 1.33 +0.13 LogX 
Log Li - 1.22 +0.10 Lo@ 
Log Na - 3.59 -0.20 LogX 
Log Na - 3.60 -0.32 LogX 
Log N i  - 0.81 +0.22 Lo@ 
Log N i  - 1.15 c0.19 LogX 
Log Ni - 0.56 -0.16 LogX 
Log N i  - 0.68 +0.31 LogX 
Log N i  - 1.00 +0.31 LogX 
Log P --1.01 -0.10 Logx 
Log P --1.13 +0.23 LO@ 
Log S --1.04 -0.12 LO@ 
Log S -0.91 -0.12 LogX 
Log S 9-1-03 -0.09 LO& 
Log S -0.95 -0.12 Logx 
Log Sc - 0.95 +0.06 Lo& 
Log Sc - 0.17 -0.26 LogX 
Log Se -0.03 -0.19 LogX 
Log S r  - 2.57 -0.13 LogX 
Log S r  - 1.21 +0.29 LogX 
Log S r  - 2.49 -0.12 LogX 
Log T i  -0.47 +0.06 LogX 
Log T i  - 2.68 -0.30 LogX 
Log V - 1.18 -0.30 LogX 
Log Y - 0.48 -0.24 LogX 
Log Y - 1.16 -0.04 LogX 
Log Y - 0.47 -0.32 LO@ 
tog Yb 1-0.46 -0.24 LO@ 

Lo@ is distance,  i n  kilometers. 
Number of samples. 
Coefficient of determination 

-. 



table 12. Coefficient of determination between Logarithmic distance and elclnent concentrations, 
pH, or ash yield for three soil horizons along three transects. 

~ s x = % = ~ = ~ = = = ~ ~ l 1 ~ ~ = = ~ ~ = a ~ s s x x % ~ ~ ~ ~ ~ ~ ~ ~ a s x 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 s t s ~ ~ ~ ~ a 1 ~ ~ ~ ~ s x ~ ~ ~ ~ ~ ~ I x I ~ 5 ~ ~ ~ I s ~ = = = ~ ~ ~ ~ ~ ~ ~ ~ ~  

Variable, East Transect, horizon North Transact, horizon South Transect , hor i ton 
mit of _ _ _ _ _ _ - - - - - - - - - - - - _ - - " - - *  - _ _ _ _ - _ - - - - - - _ _ _ _ < - * * - - - - -  - - - - - - - - - - - - - - - * - - - - - - - - - -  

masure 02 B C 02 B C 02 B C 
*-----r--l--------------~-----*------~-*-----*--*--.------------------------------**---------------- 

PHI 0.17 0.05 0.06 0.07 0.01 0.21 ~0.01 0.38 0.03 
Ash, X 0.01 -.- - - 0.18 -.- - - 0.37 -.- - - 
A l ,  X 0.03 0.37 0.62 0.26 0.08 0.24 0.36 0.06 c0.01 

As, PPll 022 0.58 0.46 0.03 0.62 0.69 0.03 0.12 ~0.01 

0% PW 0.12 0.14 0.49 0.02 0.02 0.30 ~0.01 0.08 0.05 

ca, X 0.02 0.74 0.72 0.21 0.36 0.74 0.11 0.12 c0.01 . 
Ce, ppl 0.10 0.34 0.02 0.06 0.02 0.38 0.30 0.01 0.01 

CO, Ppn 0.08 0.08 0.03 0.44 0.03 0.16 0.07 0.19 0.01 

Cro rn *O.Ol 0.60 0.71 0.10 0.69 0.67 0.06 0.23 0.12 

C'J, ppR 0.04 0.15 0.16 0.71 0.21 ~0.01 0.31 0.49 0.23 
Fe, X cO.01 0.12 0.19 0.31 0.05 0.07 0.27 0.14 c0.01 

Gao P V  ~0.01 0.01 0.53 0.10 0.05 0.16 0.30 0.25 c0.01 
Hg, ppn 0.21 0.37 0.59 0.08 0.26 0.42 0.08 0.41 0.69 

K, X ~0.01 ~0.01 0.37 0.04 0.04 0.04 0.27 0.01 0.02 
La, PW 0.02 0.08 0.05 0.01 ~0.01 0.46 0.21 0.21 -0.01 
Li, Pprn 0.02 0.66 0.62 0.09 0.05 0.59 021 0.64 0.05 

ng, X 0.04 0.03 0.41 0.30 0.07 0.07 0.30 0.08 0.13 

Mn, PW 0.14 ~0.01 0.42 0.20 0.10 0.04 0.04 0.12 0.07 

Na, X 0.03 0.21 0.06 0.24 0.07 0.36 0.30 0.01 0.07 

Nb, Ppn - - 0.22 0.34 - 0.02 0.04 - - 0.45 0.01 

Nd. ppm 0.10 0.14 0.32 0.01 *0.01 . 0.26 0.36 0.12 c0.01 

M i ,  ppn ~0.01 0.52 O.R ~0.01 0.58 o.n 0.10 0.30 0.10 

P, X 0.38 0.03 0.67 0.41 0.02 0.27 0.32 0.83 0.21 
Pb, P V  0.08 0.01 0.25 0.16 0.01 0.01 0.08 ~0.01 0.04 
S, X 0.03 -.- 0.08 -.- - - * * 0.01 - . - - - 
SCo V p  C0.01 0.50 0.24 0.09 c0.01 0.14 0.37 0.18 0.06 
Se, W 0.01 0.21 0.66 0.02 014 0.27 0.03 ~0.01 0.30 

Sr, PW ~0.01 0.76 0.42 0.10 0.32 0.67 0.03 0.14 0.01 
Ti, X ~0.01 0.R 0.31 0.18 0.02 0.02 0.34 0.27 0.03 

v, Ppn 0.01 0.46 c0.01 0.27 0.29 0.03 0.34 0.14 0.01 

Y, Ppn ~0.01 0.01 0.53 0.24 0.07 c0.01 0.30 0.06 0.02 

Yb, Ppo - - 0.16 -.- - - - - 0.04 0.04 0.15 c0.01 
zn. ppn 0.01 ~0.01 0.05 0.30 ~0.01 0.13 0.05 0.07 0.01 
====-P------- ---1--==~====r=~-~~~1-s===~==a=ma-=1e=~==a=xx========~=====ax~======x====== 

Measured i n  standard w i t s ,  not transformed t o  logarithm. 



Table 13. Baseline data for element concentrations 
in samples of surficial materials from 
Alaska (Gough and others, 1988). 

Variable, 
unit 
of 

measure - - - - - - - - - - - - -  
PHI 
Al, % 

As, PPm 
Ash, % 

Ba, PPm 
Ca, % 

ce, PPm 
Co, PPm 
Cr, ppm 
Cu, PPm 
Fe, % 
Ga, ppm 
K, % 
La, PPm 
Li, ppm 
ng, % 
b, PPm 
Na, % 

Nd, PPm 
Ni, ppm 
p ,  % 
Pb, PPm 
Sc, ppm 
Sr, ppm 
TI, % 

v,  PPm 
Y, PPm 
Yb, PPm 
Zn, ppm 

Geometric Geometric 
mean deviation 

-----.-----------------. 
5.5 1.20 
6.2 1.38 
6.7 2.31 
8 5 1.33 
595 1.67 
1.3 2.61 
2 8 1.84 
13 1.67 
50 2.00 
24 1.81 
3.5 1.52 
15 1.44 
1.2 . 1.57 
19 1.68 
2 6 1.74 
0.98 1.84 

510 2.07 
1.2 1.74 

23 1.73 
24 2.17 
0.078 1.55 
12 1.74 
13 1.67 
159 1.93 
0.48 1.48 

112 , 1.69 
14 1.55 
1.4 1.60 
70 1.64 

Observed 
range 

.------------113 

3.7 - 9.0 
1.2 - 10 

<lo - 750 
6.6 - 99.7 
39 -3100 
0.04- 10 

<5 - 180 
<2 - 55 
5 - 390 
3 -810 
0.55- 10 
<4 - 32 
0.09- 4.1 

<2 - 120 
<2 - 130 
0.13- 7.4 

<200 -4000 
C0.07- 3.6 
<4 - 120 
<3 - 320 
CO.02- 0.34 
<4 - 310 
<2 - 39 
21 - 760 
0.09- 1.5 
11 - 490 
<4 -100 
<I - 6 

<20 -2700 

Measured in standard units, nor transformed to 
logarithms. 



Table 14. Summary statistics for element concentrations in soil 
02-horizon samples from the barbell sample design. 

[Detection ratio, number of samples in which the element was found in 
measurable concentrations relative to the number of samples analyzed; 
Baseline, expected 95-percent range.] 

Variable, 
unit of Detection Geometric Geometric Baseline 
measure ratio mean deviation 
----1-1-------------------*--------*.---------------------------------- 

P H ~  24:24 4.00 1.09 3.37- 4.75 
Al, 3 24: 24 2.0 1.52 0.87- 4.6 
Ash, % 24:24 30.4, 1.47 14.4 - 65.7 
As,  ppm 24 : 24 0.7 1-50 0.3 - 1.5 
Ba, ppm 24: 24 310 1.39 160 - 610 
Ca, % 24: 24 1.2 1.37 0.63- 2.2 
Ce, ppm 24: 24 9 1.46 4 - 21 
Co, ppm 24:24 4 1.55 2 - 11 
Cr, ppm 24: 24 17 1.56 6 - 42 
Cu, PPm 24: 24 12 1.22 9 - 18 
Fe, % 24 : 24 0.97 1.52 0.42- 2.2 
Ga, ppm 16 : 24 5 1.58 2 - 12 
Hg, PPm 24: 24 0.19 1.34 0.10- 0.34 
K, % 24: 24 0.41 1.35 0.22- 0.74 
La, PPm 24: 24 6 1.42 4 - 12 
Li, P P ~  24: 24 5 1.50 2 - 10 
Mg, % 24: 24 0.34 1.45 0.16- 0.72 
Mn, PPm 24: 24 570 2.04 140 -2300 
Na, % 24: 24 0.70 1.52 0.30- 1.6 
Nd, PPm 17:24 5 1.59 2 - 13 
Ni, PPm ' 24:24 7 1.46 3 - 16 
P ,  % 24: 24 0.14 1.13 011- 0.18 
Pb, PPm 17:24 5 1.92 1 - 18 
S, 3 24:24 0.11 1.25 0.07- 0.18 
Sc, P P ~  24: 24 4 1.51 2 - 9 
Se, ppm 24: 24 0.2 1.46 0.1 - 0.4 
Sr, PPm 24: 24 120 1.40 63 -240 
Ti, % 24: 24 0.12 1.54 0.05- 0.28 
V S  PPm 24 : 24 3 1 1.46 14 - 71 
Y, PPm 24:24 5 1.47 2 - 12 
Zn, PPm 24: 24 44 1.57 17 - 110 
Measured in standard units, not transformed to logarithms. 



Table 15. Summary statistics for element concentrations in soil C-horizon 
samples from the barbell sample design. 

[Detection ratio, number of samples in which the element was found in 
measurable concentrations relative to the number of samples analyzed; 
Baseline, expected 95-percent range.] 

Variable, 
unit of Detection Geometric Geometric Baseline 
measure ratio mean deviation -.----------------------------*-----------.----.-------------------------- 
PHI 24:  24 5.51 1.03 5.19- 5.85  
Al, % 24 :24  7 .2  1 .05 6 . 5  - 7.9 
As, PPm 24 : 24 7 .2  1 .59  2.8 - 18. 
Ba, PPm 24:  24 570 1 .08  490 -670 
Ca, % 24 : 24 1.7 1 .26 1.1 - 2.7 
Ce, PPm 24 : 24 3 1  1.17 23 - 42 
Co, P P ~  24 :24  13  1.15 10 - 17 
Cr, P P ~  24:  24 57 1 .37  3 1  -110 
Cup PPm 24 :24  18 1.14 14 - 2 3  
Fe, % 24 : 24 3 .5  1 .08  3.0 - 4.1 
Ga, P P ~  24 :  24 17 1.08 1 4  - 1 9  
Hg, PPm 24 : 24 0.03 1.52 0.02- 0.07 
K, % 24 :  24 0.95 1.08 0.81- 1.1 
La, PPm 24 : 24 17 1.12 1 4  - 2 2  
Lf, P P ~  24:  24 25 1.22 17 - 38 
Mg, % 24 : 24 0 . 9 1  1.09 0 .77 -  1.1 
Mn, P P ~  24:  24 660 1 .22 440 -980 
Na, % 24 : 24 2.0 1.06 1.7  - 2 .2  
Nb, PPm 24:  24 5 1.39 2 - 9  
Nd, PPm 24:  24 15 1 .15 11 - 20 
Ni, PPm 24 :  24 17 1 .60 7 - 44 
p ,  % 24: 24 0.08 1.46 0.03- 0.17 
Pb, PPm 2 4 :  24  1 0  1 .18 7 - 14 
Sc, PPm 24 : 24 11 1 .10  9 - 1 4  
Se, P P ~  24:  24 0 . 4  1 .22  0 .3  - 0.6 
Sr, PPm 24 : 24 250 1 .20 180 -370 
Ti, % 24 :24  0 .39 1 .08 0.33- 0.46 
V, PPm 24 : 24 110 1.13 88 -140 
Y, PPm 24 :24  12  1 . 1 0  10 - 15 
n, PPm 24 : 24 2 1.22 1 - 3  
Zn, PPm 24 : 24 5 6 1.18 39 - 81 

Measured in standard units, not transformed to logarithms. 



Table 16. Summary statistics for element concentrations in feather moss 
samples from the barbell sample design. 

[Detection ratio, number of samples in which the element was found in 
measurable concentrations relative to the number of samples analyzed; 
Baseline, expected 95-percent range.] 

Variable, 
unit of Detection Geometric Geometric Baseline 
measure ratio mean deviation 
1 . - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - -  

Al, % 21: 21 5.0 1.29 3.0 - 8.3 
As, PPm 21:21 0.1 1.64 C0.1 - 0.3 
Ash, % 21:21 7.47 1.48 3.41- 16.4 
Ba, PPm 21 : 21 930 1.45 440 -2000 
Ca, % 21 : 21 9.2 1.33 5.2 - 16. 
Ce, PPm 21: 21 18 1.29 11 - 30 
Co, PPm 21:21 14 1;26 9 - 22 
Cr, PPm 21: 21 46 1.19 . 32 - 65 
Cu, P P ~  21:21 61 1.34 34 - 1 1 0  
Fe, 3 21: 21 2.4 1.23 1.6 - 3.6 
Ga, PPm 21 : 21 12 1.15 9 - 16 
Hg, PPm 21 : 21 0.09 1.37 0.05- 0.17 
K, % 21:21 5.6 1.51 2.5 - 13. 
La, PPm 21: 21 16 1.10 13 - 19 
Li, P P ~  21: 21 12 1.18 9 - 17 
Mg, % 21:21 2.2 1.26 1.4 - 3.5 
Mn, % 21:21 0.60 1.75 0.20- 1.8 
Na, % 21: 21 1.8 1.28 1.1 - 2.9 
Nd, P P ~  21: 21 17 1.22 11 - 25 
Ni, PPm 21:21 2 6 1.30 15 - 44 
p, % 21:21 1.6 1.57 0.65- 3.9 
Pb, PPm 21: 21 27 2.29 5 - 140 
S ,  % 21:21 0.07 1.21 0.05- 0.10 
Sc, P P ~  21:21 8 1.25 5 - 13 
Se, PPm 21:21 0.1 1.73 <0.1 - 0.3 
Sr, PPm 21: 21 600 1.35 330 -1100 
Ti, % 21:21 0.23 1.28 0.14- 0.38 
V, PPm 21:21 71 1.25 45 - 110 
Y, PPm 21:21 13 1.24 8 - 20 
Zn, P P ~  21:21 450 1.72 150 -1300 



Table 17. Summary statistiks for element concentrations in white spruce 
samples from the barbell sample design. 

[Detection ratio, number of samples in which the element was found in 
measurable concentrations relative to the number of samples analyzed; 
Baseline, expected 95-percent range.] 

Variable, 
unit of Detection Geometric Geometric 
measure ratio mean deviation 
- - - - - - - - - - - * - - - - - - - - * - - - - - - - - - - * - - - - - - * - - - - - * * - - - - - - -  

Al, % 22 : 22 5.4 1.73 
Ash, % 22 : 22 3 . 7 5  1.13 
Ba, PPm 22:22  400 1.43 
Ca, % 22:22  16 1.18 
Co, ppm 22:22 5 1.34 
C r ,  PPm 22 : 22 14 1.50 
Cu, ppm 22:22  72 1.22 
Fe, % 22 : 22 0 . 2 9  1.66 
Hg, PPm 22 : 22 0.02 1.33 
K, % 22 :  22 14 1.37 
La, PPm 22 : 22 7 1.24 
Mg, % 22:  22 2 . 7  1.19 
b, % 22:22  1.0 1.68 
Na, % 22 : 22 0.26 1.75 
Ni, ppm 22:22  2 3 1 . 5 9  
P ,  $ 22:22  4.0 1.30 
S, % 22:22 0.07 1.19 
Sr, ppm 22:22  1000 1.34 
Ti, % 18 : 22 0.02 2.33 
V,  PPm 22:22  6 2.07 
Zn, PPm 22 : 22 1100 1.46 

Baseline 



Table 18. Correlation coeffients ktween e l m t  concentrations i n  the 02- and C-horizons 
o f  so i l s  and two p l m t s  and also betuwn the two plants. 

I*, cor re la t im  cocff ient i s  signif icant at  the 0.01 p r o b b i l i t y  Level when greater than 
0.354 fo r  50 degrees of frd#nl 

~ ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ = ~ ~ - ~ ~ ~ ~ ~ ~ I ~ I ~ I ~ ~ I ~ ~ ~ L ~ ~ ~ ~ = L ~ I ~ ~ ~ ~ ~ = O ~ ~ I ~ ~ ~ ~ = = ~ I I ~ ~ ~ =  

Variable, 0-horizon- 0-horizon- C-horizon- C-hori ton- White sprucc- 

mit feather Uhi t e  Feather Uhi te Feather mss 

of mass SpNee MOSS spruce 
masure ~ 5 1  6 4  n=5 1 n=54 n=53 
.......................................................................................... 

Ash, X 0.34 0.10 - - - -  1 -*--  0.5P 

At, P F  0.50- 0.31 0.34 0.21 0.24 
AS, pprn o.a 0.13 , -0.05 -0.06 0.56* 

Ppn 0.W -0.06 0.09 0.17 -0.15 
h. PPP -0.50' +0.20 -0.33 -0.35 o.s2* 
ce, pplp 0.3V 0.13 0.05 -0.25 0.21 
co, pFn 0.2s 0.45* 0.19 -0.06 0.16 
C r #  ppl 0.05 -0.04 0.30 0.08 0.54* 
C'J, Ppn -0.3P 0.22 -0.16 0.20 -0.25 

pCln 0.4P 0.35 -0.18 0.06 0.40* 
Ga, w" 0.28 0.18 0.08 0.27 0.30 
Hg# W 0.24 0.06 0.16 0.21 0.38* 
K# W' -0.19 0.12 0.05 -0.14 -0.17 
La, PPI 0.32 0.32 0.13 0.30 0.38* 
Li, Ppa 0.45* 0.27 0.03 -0.05 0.59* 
Mg, W -0.21 -0.01 0.28 -0.19 -0.05 
*, Ppn 0.W -0.04 -0.13 -0.04 0.03 

ppl 0.W 0.34 -0.05 0.11 0.41* 
u, W 0.12 0.35 0.20 0.04 -0.06 
Hi# ppl 0.17 0.01 0.4P -0.10 0.35* 
p, P 0.23 -0.15 -0.29 0.19 -0.11 
Pb# pFn O.%* 0 . W  -0.24 0.00 0.5P 
s, x 0.20 0.19 --.. ---- 0.5F 

SC, pFrn 0.36 0.17 0.01 0.02 0.33 
Se, PPll 0.10 ---- 0.26 ---- - - - -  
Sr, W" -0.17 0.14 -0.15 0.00 O.6On 
T i ,  P F  0.32 0.31 -0.31 0.06 0.23 
v, P P  O.U* 0.30 -0.15 0. W 0.28 
Y o  P P  0.43* 0.13 0-30 0.14 0.12 

Ppn 0.34 0.39* 0.25 0.29 0.00 
1 ~ ~ ~ s ~ ~ ~ ~ ~ ~ 1 ~ ~ 1 m ~ = = ~ ~ ~ ~ s r = ~ 1 ~ ~ i ~ x ~ ~ ~ ~ ~ 1 ~ x ~ x ~ ~ = - - ~ x a x ~ ~ ~ ~ ~ 1 = = ~ ~ ~ ~ ~ = = ~ ~ 8 ~ ~ s ~  ' ~ o t  k t e n i n c d .  



EXPLANATION OF APPENDIXES 

Tables A l ,  A2, A6, and A7 

These four  tables give the sample ident i f ica t ion,  location, and chemical 
conposition o f  the p lant  samples taken i n  t h i s  study o f  the Kenai, Alaska 
area. The sample iden t i f i ca t ions  are keyed as follows: 

Barbel l  Study: f i r s t  pos i t ion (H or P) f o r  feather moss o r  white spruce; 
second pos i t i on  (1 o r  2) f o r  the 50 km level; t h i r d  pos i t ion (1 o r  2) f o r  the 
25 km level;  f o r t h  pos i t i on  (1 o r  2) for the 5 km level; f i f t h  pos i t i on  (1 o r  
2) f o r  the 1 km level; s i x t h  pos i t ion (1 o r  2) fo r  the 0.1 km level; and, 
seventh pos i t i on  (blank or  X) f o r  laboratory duplicates. 

Transect Studies: f i r s t  pos i t i on  (H or  P) f o r  feather moss or  white spruce; 
second pos i t i on  (K) f o r  the Kenai study of  1988; t h i r d  pos i t ion (T) f o r  the 
transect; f o r t h  pos i t ion (E, N, or S) f o r  which o f  the transects (east, north, 
o r  south); f i f t h  and s i x t h  pos i t ion f o r  the distance i n  km away from the 
i ndus t r i a l  complex a t  Kenai, Alaska (,5, 01, 02, 04, 08, 16, 32, o r  64); 
seventh pos i t i on  (1 or 2) f o r  f i e l d  duplicates about 10 m apart; and, eighth 
pos i t i on  (blank o r  X) for  laboratory duplicates. 

Tables A3, A4, A5, and A8 

These four tables give the sample ident i f icat ion,  location, and chemical 
composition o f  the s o i l  horizon samples taken i n  t h i s  study of the Kenai, 
Alaska area. The sanp'le ident i f ica t ions are keyed as follows: 

Barbel l  Study: f i r s t  pos i t ion (S) f o r  s o i l  sample; second pos i t ion (0, B, o r  
C) f o r  the s o i l  horizon sawled; t h i r d  pos i t ion (1 o r  2) f o r  the 50 km level;  
f o r t h  pos i t i on  (1 o r  2) f o r  the 25 km level; f i f t h  pos i t i on  (1 o r  2) f o r  the 5 
km level;  s i x t h  pos i t ion (1 o r  2) f o r  the 1 km level;  seventh pos i t ion (1 o r  
2) for  the 0.1 km level; and, eighth posi t ion (1 o r  2) f o r  laboratory 
duplicates. 

Transect Studies: f i r s t  pos i t ion (S) f o r  s o i l  sample; second pos i t ion (0, B, 
o r  C) f o r  the s o i l  horizon sampled; t h i r d  pos i t ion (K) f o r  the Kenai study o f  
1988; f o r t h  pos i t i on  (T) f o r  the transect or X f o r  laboratory duplicate; f i f t h  
pos i t i on  (E, N, o r  S) f o r  which of  the transects (east, north, o r  south); 
s i x t h  and seventh pos l t ion f o r  the distance i n  km away from the indus t r ia l  
complex a t  Kenai, Alaska (.5, 01, 02, 04, 08, 16, 32, o r  64); and, eighth 
pos i t i on  (1 o r  2) f o r  f i e l d  duplicates about 10 m apart. 

Figure 1.--Index map showing locat ion of the Kenai National Wi ld l i fe  Refuge, 
Alaska. 



T&le A l .  Listing of u u l y t i u l  d m t m  for uh yield d el-t concentratiam i n  feather lllprr sanplm collected 
according t o  Imrkl l  wd transact s w p l i w  dcofgrw. 

Sanple ID Latitude L q i t u d e  Ash, X A t ,  X -As, ppl 00, ppr Can X Cd, ppn Ce, ppn CO, ppn 
***----l*.-------l--.**-------.**.-----...-- -----**."--*-......---.*.-----.-*.-----.**------.-------*----------------- 

HKTEOlI 

HKTEOI 1 
HKTE012 
HKTEOI2X 
HKTEOZ1 
HKTE022 
HKTEO42 
HKTEO81 
HKT €082 
HKTE08ZX 
HKfE161 
HKTEl62 
HKVE321 
HKTE321X 
HKTE322 
HKTE641 
HKTE642 

East Transut 
0.3 1000 
0.2 1200 
0.2 lo00 
0.2 1000 
0.2 980 
0.3 1000 
0.2 870 
0.1 1300 
0.1 wo 
0.1 970 
0.6 4900 
0.4 3300 
0.4 1600 
0.4 15MI 
0.4 1300 
0.3 1ilMl 
0.4 a20 



Table A1.--Listing of m l y t i c a l  &to for ash y ie ld  wd el-t contcntratioriS i n  feather mss sanples collected 
according to brball nd t r m s e t  -Ling k t i g n a  (cmtinwd). 

*.--**~~~~*.-.****~~.....-****~~......**-~~~....***-....**-*.....**-......**-.~...-***---...--*---.*~*--*--------*---- 

Senplr I D  La t l t uk  Longit* h h ,  X A l ,  X Al, ppl Ba, ppl Ca, X Cd, ppn Ce, p Co, ppn 
-11.- 1 ~ ~ ~ ~ ~ . . . . . * * ~ _ _ - - - ~ - - . . - * * - 1 1 1 . - * ~ ~ ~ . ~ . . * - * ~ ~ . . . - * ~ * ~ ~ ~ . . - * - - ~ . . . ~ - - * - - - - ~ * - - - - - - - - - - - - - - - * - - - - - - * - - - - - - - * - - -  

HKTNO11 
HKTN012 
HKTNO2l 
HKTN022 
HKTN041 
HKTN042 
HKTNOB1 
HKTW082 
HKTN161 
HKTUl62 
HKTN32l 
HKTN322 
HKTN641 
HKT N642 

HKTSOl 1 
. HKTSOllX 

HKTS012 
HKTSO2l 
HKTS022 
HKTS041 
HKTS042 
HKTSOB1 
H m s m  
HKTS161 
HKfS162 
HKTS321 
HKT S322 
HKTS641 
HKTS642 

*-*---..-* 

p r t h  Tr#scct 
6.7 0.2 1100 5.0 4 

6.9 0.3 1100 4.9 4 
5.7 0.2 1200 6.3 4 
6.6 0.2 990 5.0 4 
6.3 0.3 1100 5.1 4 
6.6 0.5 1100 5.8 4 
6.2 0.1 970 5.8 4 
6.6 0.2 1200 6.5 4 
6.0 0.2 1200 7.1 7 
6.1 0.2 1200 7.2 4 
5.9 0.2 1200 6.9 4 
5.1 0.2 1300 11.7 4 

4.0 0.2 1400 13 4 
2.7 0.2 340 18 4 

South Trans- 
6.9 0.2 lo00 5.5 4 
7.0 0.2 1100 5.4 4 
7.1 0.3 1000 5 4 
6.4 0.2 700 5.4 4 
5.4 0.2 850 6.3 4 
6.7 0.1 840 5 -9 4 - 
7.5 0.2 720 5.3 4 
6.8 0.6 1000 5 -6 c4 

6.8 0.6 1500 5.3 4 
6.2 0.3 1300 6.1 4 

6.2 0.4 1500 6.9 4 
7.3 0.4 930 5.1 4 
6.6 0.5 1000 4.9 4 
4.6 0.1 920 8.9 4 
4.7 0.2 1400 11 c4 

.--***----.*.*-*--*--....**--**-.-----***---------*- 



Table At.--Listing of wulytlcal dmta for a& yield wd el-t e#r.ntratlonr in feather noss s ~ p l e s  collected 
u c o r d i n ~  to hrkll md tr-t -ling & s i p  (cmtirued). 

-***---*--I... C**-**-*....--**-*----...-*-----....-*-*-*-.-~..o***--....***---.**-**----..-****------.*-*------------* 

Smple I D  Cr, pp Cu, pp Fa, X k, pp Hg, ppl K, X La, ppn Li, ppn n0, X Mn, Ppn -.*--******--......*-*--.... o~***--~~~..~***-**--~~~..*.***~~~...****~~...****--.--*-**---.*---*-----**-*--------*---- 

HKTEO11 
HKTEO1 I 
HKTEOl2 
HKTEOl2X 
HKTEO2l 
HKlE022 
HKTE042 
HKTEM1 
HKTE082 
HKTEOBW 
HKTE161 
HKTE162 
HKTE321 
HKTE321X 
HKT E322 
HKTE641 
HKTE642 

-m..-*-*.+-*. 

 bull Sulmlina Desim 
14 0.08 8.5 18 13 1.9 
10 0.10 7.1 17 12 2.4 
15 0.06 5.4 18 14 1.5 
13 0.06 5.7 19 16 1.5 
14 0.06 9.6 17 13 2.7 
12 0.17 6.3 18 13 2.6 
12 0.13 6.9 17 13 2.9 
13 0.15 7.0 18 13 2.9 
12 0.11 8.8 17 10 2.9 
12 0.12 6.9 17 12 2.3 
11 0.09 6.3 15 10 2.4 
9 0.07 11 14 9 3.9 
9 0.06 8.8 16 10 2.0 

10 0.06 6.4 17 10 1.8 
13 0.08 3.7 18 14 2.2 
12 0.05 2.6 18 16 2.4 
13 0.05 2.9. 18 16 2.5 
11 0.00 3.7 17 13 1.9 
12 0.00 5.0 17 15 1.6 
13 0.08 4.1 14 10 1.9 
13 0.00 4.7 14 11 2.0 
14 0.16 2.8 14 10 1.8 
12 0.08 3.4 15 10 1.7 
14 0.08 4.7 14 10 1.9 

East Trewcct 
14 0.30 3.7 17 14 1.7 
16 0.11 5.0 17 14 1.5 
13 0.09 4.4 17 14 1.6 
15 0.09 4.5 17 14 1.6 
15 0.08 4.6 18 15 1.6 
16 0.06 3.3 17 15 1.9 
16 0.14 3.0 17 14 1.6 
13 0.09 5.9 16 11 2.5 
16 0.18 5.6 17 13 2.3 
14 0.17 5.5 17 13 2. 2 
14 0.10 3.5 19 17 1.8 
17 0.09 5.0 17 15 2.5 
12 0.10 4.5 19 19 1.7 
13 0.12 4.7 20 20 1.8 
13 0.12 3.5 18 17 1.5 
10 0.06 8.6 I f  15 3.1 
14 0.08 7.4 19 18 2.9 

t* - * * * * * - - - * - - - . . . * - * * * * - - - . *o-* * * - - . . - * - * - - * * - - * * - - - - . * - * * - - - .  

4800 
R O O  
6700 
6800 

12000 
12000 
11000 
11000 
15000 
13000 
8500 
woo 
3500 
4300 
4900 
1600 
1700 
3500 
4400 
4000 
6800 
6100 
3800 
4100 



Table A1.--Listing of wulytlcrl  dmta for ash yield Md el-  concentrations in feather lnoss sanplts collected 
according to k r k l l  wd t rn ree t  swpl ing &signs ( e o n t i n d ) .  

-------*. **..-.------.****..------~**.-----*-*--------~*..-------....-----.-.--------**-------*.*----------------*---- 

Sauple ID  Cr, pp Cu, #n Fm, X k, pm Ho, ppn K, X La,- L i , # m  no ,% n n , ~ p n  
--....**---------..**..------.11....*-..-----*---------- --.------..*.----~*.*..-----....-------.*--------.-.--*--*-------- 

North Transeet 
0.14 
0.08 
0. l o  
0.08 
0.07 
0.14 
0.10 
0.10 
0. w 
0.10 
0.09 
0.10 
0.13 
0.10 

South Trlrnsee? 
0.09 
0.09 
0.14 
0.12 
0.11 
0.10 
0.08 
0.12 
0.12 
0.07 
0.08 
0.16 
0.08 
0.06 
0.06 

------**---------- 



Table A1.--Liatirrg of m l y t i c m l  data for ash yield d e l m t  concentrations i n  feather mss senplas eollectcd 
aceordim to bmrkll ud trwrsect smpling &signs (continued). 

S-le I D  Ha, X Ild, pp Hi, ppn P, X Pb, ppl Total 9, % Sc, ppln Se, ppn Sr, ~ p n  Th, Ppn 

HKlEOll 2.6 
HKTEO11 2.4 
HKTE012 2.6 
HKTEOlk 2.5 
HKTEO2l 2.5 
HKTE022 2.5 
MUTE042 2.7 
HKTE081 2.2 
HKT €082 2.5 
HKTEOStX 2.4 
HKTE161 2.2 
HUTE162 2.0 
HKTE321 1.9 
HKTE321X 1.9 
HUTE322 1.8 
HKT Ebril 1.7 
HYTE642 1.7 

-*-*---*-----.....I..**. 

gprbell Senolina Dediian 
1.9 26 0.05 
2.2 28 0.07 
1.4 24 0.05 
1.4 23 0.05 
2.4 30 0.06 
2.4 110 0.10 
2.5 130 0.07 
2.4 130 0.08 
3.1 73 0.08 
2.1 86 0.08 
2.0 55 0.08 
3.6 41 0.06 
2.0 21 0.06 
1.6 20 0.07 
1.2 21 0.08 
0.6 22 0.07 
0.6 20 0.07 
0.9 U 0.07 
1.4 23 0.08 
1.2 17 0.09 
1.2 9 0.07 
1 .o 11 0.10 
0.9 4 0.07 
1 .O 9 0.08 

East Transect 
1.1 32 0.13 
0.9 43 0.09 
0.8 4a 0.09 
0.9 40 0.09 
0.9 54 0.09 
0.7 50 0.08 
0.7 19 0.10 
1.5 11 0.10 
1.6 31 0.12 
1.6 33 0.11 
1.1 26 0.11 
1.4 28 0.10 
1.2 40 0.08 
1.3 39 0.08 
1 .o 37 0.08 
2.2 24 0.07 
2.0 34 0.08 

,*-*-----*..-.-**---..******-. 



Tabla A1.--Listing of u u l y t i t a l  data for ash yield a d  element concmtrrtions in feather mrss ample8 c o l l ~ t c d  
according t o  hrkll nd tremect s q l i n g  dcsigm (tontinuad). 

w l e  I D  MI, X Nd, ppn ni,  ppl Pa X Pb, pp Total S, X Sc, ppn Se, ppn Sr, ppn Th, ppl 
--...**--*---**--------**.*.*...-.******------.*...*****----.*.-****--*....-****---...-*--*---*..-~--*-----.------.*-- 

North Yransect 
P 0.W 34 0.09 10 0.09 410 41 
28 1 .O 34 0.18 10 0.10 390 4 
32 1.5 53 0.10 8 0.09 450 4 
29 1 .O 43 0.10 10 0.09 360 4 
23 1 .O 17 0.10 9 0.09 410 4 
25 1.3 24 0.12 10 0.11 460 4 
21 1.4 13 0.11 9 0.08 380 4 
23 1.2 17 0.09 10 0.10 420 4 
27 2.0 24 0.M 9 0.10 440 9 

2S 1.6 20 0.09 10 0.08 460 10 
26 1.4 18 0.08 8 0.09 460 4 
30 1 .7 21 0.08 8 0.04 570 4 
33 2.1 84 0.08 8 0.08 610 9 

24 2.1 W 0.07 5 0.07 1300 4 
south Transect 

a O.R 57 0.11 lo 0.10 400 QI 
24 0.m 59 0.11 10 0.04 400 4 
23 O.& 68 0.11 11 0.10 390 4 
25 1.1 34 0.11 9 0.10 620 4 
25 1.7 40 0.11 8 0.00 480 4 
22 0.97 20 0.09 10 0.08 490 4 
24 0.54 11 0.07 12 0.09 370 4 
30 0.90 290 0.10 11 0.16 460 4 
30 0.m 250 0.09 12 0.11 410 B 
31 1.5 2M 0.09 10 0.07 540 4 
31 1.3 240 0.09 10 0.11 570 4 
31 0.68 42 0.08 13 0.12 360 4 
32 1 .O 41 0.07 11 0.10 320 B 
19 1.9 23 0.06 7 0.03 610 4 
20 1.6 22 0.07 7 0.04 790 4 

*. ....................................................................................... 



Ttlble A1.--1istinp of vvlytieal data for esh yield #d el-t concentrations i n  feather nwws rrnples collected 
u c o r d l ~  to hrkll nd trwrcct saapling d e s i g n  (continued). 

__**_..*_******_****----....**-***---...*-*----.*.-.-**-..*..*-**-.*....-*--**-..--*----....-.*-.--.-..--*---*.-*----- 

S q l e  I D  T i ,  X V, ppl Y, ppn Yb, Zn, ppn 
* * . * _ * * ~ * * * ~ . . ~ . . . . . . - * * - * ~ - . - . . . . . ~ * ~ ~ ~ ~ . . ~ * ~ * ~ * ~ ~ ~ . * . . * * * * * ~ ~ . . . * ~ * ~ ~ ~ ~ . * * * ~ ~ ~ ~ * ~ ~ ~ ~ ~ - - ~ * * ~ ~ ~ . ~ - - - - * - * ~ ~ - - - * - - - * - - - -  

parbcll Smmlina D M ~  

HI1111 0.18 78 16 4 450 
H11121 0.21 61 11 Q 580 
~11211 0.29 a1 1s e no 
H11211X 0.25 81 15 *Z 7W 
Ill1221 0.19 M 14 Q 600 
H12111 0.20 60 10 Q 880 
H12112 0.22 68 11 4 1500 
H1211M 0.21 71 11 Q 1400 
H12121 0.17 52 9 e 710 
~12211 0.19 63 11 Q 6 3 0 .  
~12212 0.14 43 a <t 494 
niwi 0.15 47 9 *2 MO 
H21111 0.22 62 11 4 46a 
n21112 0.23 64 12 Q 540 
H21121 0.20 82 16 4 250 
H21211 0.33 91 14 Q 190 
H21211X 0.31 PQ 1s Q 200 
H21212 0.29 113 14 4 140 
HZ1221 0.27 TS 12 ~2 510 
HZ21 11 0.28 88 15 *2 270 
H22121 0.28 92 15 2 380 
HZ221 1 0.28 89 15 2 390 
H22212 0.29 92 16 2 360 
H22221 0.27 I 15 Q 270 

&& Transeet 
HKTEOll  0.34 1W 19 2 360 
HKTEO11 0.30 93 19 2 ir30 
HKfEO12 0.32 100 20 3 290 
HKTEOlb 0.32 100 20 3 2#) 

HKTEO21 0.31 97 19 2 380 
HKTEOZ 0.33 W 19 2 630 
HKTEO42 0.35 lm 21 3 300 
HKTEMl 0.27 08 16 2 590 
HKTE08t 0.31 100 18 2 n o  
HKTEOBm 0.31 100 18 2 n o  
HKTE161 0.31 % 15 Q 560 
HKTEl42 0.28 8 14 Q 730 
HKfE321 0.28 86 12 e 640 
HKTE321X 0.28 B 13 Q 6M) 

HKTE322 0.28 81 12 -2 610 
HKTE6Cl 0.20 72 11 Q 440 
H K T E ~ ~ ~  0.20 n 12 *t 490 

------..--*.*-*--********-----*------*----*-***----.-*-....*-*------.***.-**--------**----**------**----*-*------+-+-* 



T8ble A1.0-Llstinp of wtalytical data for osh yield Md e l a n t  conemtrat im in  feather moss rrwrples collected 
accordirq to  bnrbell wd trnocct  s q l i r q  design$ (cmtimmd). 

Senplr 10 T i ,  X V, ppl Y, pp Yb, ppln tn, ppn ---.---- --------.-.-...*...-----------....---------.*.-**--------....---**-*-----.*---*-----*--.---------------------- 

North Trensect 
HKTNO11 0.32 98 19 2 880 
HKTNOl2 0.31 95 20 2 890 
HKTNOPl 0.27 a5 14 4 57D 
n n ~ o z t  0.32 97 18 2 420 
H K T W l  0.27 90 18 2 760 
HKTlO42 0.32 97 18 2 610 
HKtNOB1 0.27 89 18 2 4 0  
HKTN082 0.31 92 19 2 760 
HKTHH 0.24 83 16 2 880 
HKTH62 0.28 89 16 cZ %0 
HKTN321 0.26 f7 17 2 400 
HKTN3U 0.23 73 14 Q 590 
HKTN641 0.21 60 10 Q 61 0 
HKTN642 0.14 43 7 Q 510 

South Transaet 
HKTSOll  0.34 100 20 3 410 
HKTSOllX 0.33 100 21 3 450 
HKTSO12 0.34 110 21 3 360 
nnso2i 0.30 88 19 2 260 
HKTSO22 0.a 80 16 Q 480 
HKTS061 0.31 % 20 3 470 
NUS042 0.36 110 22 3 190 
HKTSOB1 0.36 110 17 2 300 
HKTS082 0.37 110 17 2 310 
HKTSl61 0.30 Ps 15 *2 550 
HKTSlQ 0.31 93 16 2 400 
HKTS321 0.36 110 18 2 210 
HKTS322 0.32 98 15 4 210 
HKTs641 0.20 63 12 <2 470 
HKTW2 0.22 43 12 4 560 
~ ~ ~ I ~ ~ I I = ~ = = ~ = I P O I ~ P ~ I ~ ~ ~ ~ ~ I ~ I I = = O I ~ ~ ~ ~ I ~ I ~ ~ ~ ~ I ~ ~ ~ ~ I ~ ~ ~ ~ I I ~ E % P ~ ~ ~ ~ ~ ~ ~ Y ~ ~ ~ I ~ ~ I P I ~ ~ ~ P = ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~  



Tab le  h2.--Listing of analytical data for ash yield a d  element c o n e m t r a t i m  i n  white spruce smplt8 collected 
according t o  b r b a l l  and transact s a p l i r a  designs. 

S-le I D  Latituck Lmgi tudt  Ash, X A l ,  X As, ppn Ba, pp , % Ce, ppn Co, ppn Cr, ppm 
-*--*------..- ..................................................................................................... 

PKT EO1 1 
PKTEO12 
PKTEOlZX 
PKTEO21 
PKTE041 
PKTE062 
PKTEOB1 
PKTE161 
PKTE161X 
PKTE162 
PKtE321 
PKTE641 
PKTEb62 



Table a . * -L is t ing of n r l y t i c a l  L t 8  for .oh yield a d  *learnt conehntratio~i in white spruce senplts collected 
=cording to bark11 ud t r rvcc t  s a p l i n g  dcsi@ns (continued). 

Sarrple I0 Latitude Lonpltuck Ash, X A l ,  X As, p ~ l l  Ba, Ca, X C4, #IR CO, P P  era F P  
--------1---- ...................................................................................................... 

PKTN.51 
PKlN.52 
PKTN .55 
PKTNO11 
PKTNOl2 
PMNO21 
PKTNo41 
PKTNM2 
PKTNOBl 
PKTN161 
PKTN162 
PKTN321 
PK-rN&l 
PKTN642 

PKTSO11 
PKTS012 
PKTSO21 
PKTS041 
PKT SO42 
PKTSOB1 
PKTS161 
PKTS161X 
PKTS162 
PKTS321 
PKT %1 
PKTW2 

Jorth T ranscf 
9.05 210 
<0.05 3150 
4.M 480 
4.05 320 
~0.05 320 
0.07 270 
0.09 m 
0.07 %O 

9.05 390 
4 -05  540 
~0.05 300 
~0.05 420 
4.05 590 
4.05 280 

Swth Trarrscef 
4.05 550 
e0.05 360 
~0.05 320 
4 - 0 5  380 
~0.05 340 
C0.05 440 
4.05 290 
4.05 250 
0.07 420 
0.10 620 

4.05 480 
*0.05 400 



Table A2.--Listing of melytical data for ash yield and elwnsnt concentratfm in h i t *  spruce sanples collected 
ueording to  bnrk l l  ml trasect sanpling designs (contirued). 

sarplt ID a, ppn ~ t ,  x k, ppn ug, lrpln K, x LI, ppl 11, ppn ng, ppn Wn, ppn Ma, 2 -_......------. 1...~****-......*---*-*-1...-****-*~.~.-***~~~...**~~.~...~~*-~...-*------.***-***--*-.*-*---------*. 

PKTEO11 
PKTEO12 
PKTEOlZX 
PKTEO21 
PKTEO41 
PKT €042 
PKTEWl 
PKTE161 
PKT El6lX 
PKTE162 
PKTE321 
PKTE641 
PKT E642 

--*****----  

Bark1 1 Ssnolina Ocsfpa 
0.02 15 7 4 3.6 36000 
0.03 16 7 4 2.2 12000 
0.03 16 8 4 3 13000 
0.04 11 9 8 3.3 7800 
0.04 11 8 7 3.2 T900 
0.02 20 6 4 3.5 8900 
0.04 16 7 4 2.7 35000 
0.04 18 5 4 2.8 8300 
0.02 15 5 4 2.8 7000 
0.02 18 7 4 2.5 14000 
0.02 8.3 7 4 2.6 8200 
0.02 13 8 4 2.4 4 m ~  
0.02 8.8 8 5 2.9 9200 
0.02 16 7 c4 2.0 6500 
0.02 16 7 4 2.2 7600 
0.02 13 7 4 2.6 4400 
0.02 7.5 9 6 2.9 13000 
0.02 6.7 8 7 3.4 10000 
0.03 16 10 6 2.0 8000 
0.04 13 7 4 2.1 12000 
0.03 24 5 4 3.1 11000 
0.03 13 6 6 2.6 15000 
0.03 13 4 4 2.8 16000 
0.02 13 6 4 2.2 9000 

East Transett 
0.05 19 7 4 2.3 13000 
0.03 16 8 4 3.1 12000 
0.03 16 8 4 3.2 12000 
0.03 15 7 4 3.3 11000 
0.01 21 5 4 2.5 12000 
0.03 24 6 4 3.1 8400 
0.02 16 7 4 2.6 5500 
0.03 11 9 8 2.8 7300 
0.02 12 9 8 3.0 7400 
0.03 17 9 9 2.2 10000 
0.03 15 7 7 3.1 14000 
0.01 12 7 5 2.3 11000 
0.02 11 10 10 2.4 5100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Table A2.--1ftting of malytieal  data for ash yield and elanent conerntrationo in white spruce sanplcs collected 
ucording to  k r k l \  d tramsect ampling deslgm (cmtinrcd). 

w l e  ID cu, ppo ~ e ,  X (ir, pp ng, K, X La, P L i ,  ppn no, ppn Mn, ppn We, X 

PKTII.51 
PKTN -52 
PKTN.53 
PKTNO11 
PKTIIDl2 
PKTN021 
PKTNOGl 
PKTN042 
PKTNOB1 
PKTN161 
PKTN14 
PKTN321 
PKTN6S1 
PKT N&2 

PKTSOl 1 
PKTSOl2 
PKY SO21 
PKTSO41 
PKTSO42 
PKTS081 
PKTH61 
PKTS161X 
PKTS162 
PKTS321 
mS&1 
PKT SW2 

................................................................... 

North Transrct 
11 0.02 20 7 5 2.9 
4 0.02 18 7 6 2.8 
4 0.04 18 7 4 2.7 
13 0.02 22 7 4 2.7 
17 0.03 19 8 6 2.1 
9 0.04 16 8 8 3.3 

14 0.03 13 10 7 3.0 
4 0.02 16 8 6 2.5 
4 0.02 19 6 9 3.0 
15 0.03 18 8 4 2.3 
8 0.02 18 6 4 3.3 

10 0.02 15 7 4 2.8 
8 0.02 8.1 7 4 2.6 
*II 0.02 12 7 4 2.3 

Swth Transcet 
4 0.02 14 6 5 3.0 
4 0.02 21 5 4 2.3 
4 0.03 21 6 4 2.8 
4 0.02 20 6 4 3.5 
4 0.02 18 5 4 2.0 
4 0.02 a 4 4 2.6 
4 0.02 19 9 5 3.0 
4 0.02 19 8 5 3.1 
4 0.04 14 10 10 3.0 
9 0.03 13 12 14 2.5 

41 0.02 14 7 4 2.0 
cll 0.02 15 7 4 2.2 

24000 1.5 
27000 1.3 
27000 1.1 
15000 0.1 
23000 0.3 
MOO 1.7 

13000 1.1 
12000 0.7 
17000 0.4 
14000 0.4 
9100 0.2 

16000 0.1 
7400 0.2 
5200 0.1 



Table A2.--~istfng of nr ly~ ier l  &tr for ash yield nd clenrmt concmtrmtianr In Wi te  spruer ee~ples  collected 
according t o  b r k l l  wd trmsect sa@ing denigns (contiwed). 

P l l l l l  
P11121 
P11121X 
P11211 
P11211X 
PI1212 
PI1221 
PI2111 
PI2112 
Pi2121 
Pl2211 
PI2212 
PI2221 
P21111 
P21112 
P21121 
P2121l 
P21212 
P21221 
P22111 
P22121 
P2Z211 
P22212 
P22221 

PKTEO11 
PKTEOl2 
PKTEOl2x 
PKTEO21 
PKTEWl 
PKT E042 

PKTE081 
PKTE161 
PKTE161X 
PKTE162 
PKTE321 
PKTE641 
PKTE642 



Table A2.--Listing of r v l y t i e a l  & t m  for ash yield Md elcnrmt eoncmtratiorm i n  white spra t  s q l r s  collected 
according to b r k l t  a d  transtxt ampling designs (conti&). 

Smple I D  Nd, ppn MI, P, X Pb, pp Total S, X Sc. ppn Sr, ppr Th, ppl Ti, X V, ppn 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PKT SO1 1 
PKTSO12 
PKTSOZl 
PKTS041 
PKTS042 
PKTS081 
PKT $161 
PKTSl61X 
PKT 5162 
PKTS321 
PKTS641 
PKTW2 

North Trmsecg 
20 0.11 4 550 
32 0.09 4 510 
18 0.06 4 380 
4 0.11 4 660 
11 0.10 4 1200 
22 0.09 4 590 
4 0.08 4 960 
4 0.07 4 1000 
4 0.07 4 no 
4 0.07 Cq 630 
4 0.07 4 980 
-4 0.08 4 loo0 
14 0.06 Q 1100 
B 0.06 4 1600 

South Transect 
18 0.07 4 1100 
11 0.09 4 m 
8 0.10 4 930 
4 0.09 4 920 
4 0.08 c4 1200 
4 0.09 *rC 810 
34 0.07 4 950 
33 0.07 4 960 

100 0.07 4 770 
B 0.07 5 460 
4 0.07 4 1200 
4 0.08 4 1400 

............................................. 



feble A2.--Listing of analytical data for ash yield a d  e l m t  coneentratione i n  white spnre sanplco collected 
accordiw to  bark11 a d  transect smplirq dcsigm (continwd). 

*..**.-.-------*****-*--*****--------..-.*.*--~------------.-.-.*....---***---------.--------*---*-*---------**----- 

S-le I D  V, ppl Y, ppl Zn, pp 
-.-1 1 . . . . ~ 1 . ~ ~ . . - . . _ _ . - - . - - - - - - * - * * I - - - - * ~ ~ ~ ~ ~ ~ * ~ ~ ~ . ~ ~ ~ - ~ ~ * * ~ ~ ~ . . . . ~ * * . . . . ~ ~ - * * - - ~ ~ . . . - . * * - - - - - - - - * * * - - - - - ~ ~ - - * - * - - - - * - -  

parball Se~lolm Oasian 
P11111 -.- J 25 00 
Pl l l21  - - - *rS loo0 
P11121X * - - 4 1000 
P11211 . -. 4 020 
P11211X 4 4 840 
P11212 ..- 4 loo0 
PI1221 . -. 4 1400 
P12111 * - * 4 1100 
Plt l l i !  *. - 4 970 
PI2121 4 4 960 
PI2211 4 4 690 
PI2212 4 4 960 
PI2221 4 4 720 
P21111 4 J .  1300 
P21112 9 4 1500 
P21121 4 Y 450 
P21211 - - - 4 970 
P21212 4 Y 430 
P21221 9 4 14M) 
P22111 4 4 OW 
P22121 -. - 4 1200 
P22211 .-- 4 1600 
P22212 8 a 1700 
P22221 4 c4 1400 

East Trenscct 



Table A2.--Listing of srulytical data for .oh yield wd elemnt e6ncmtra t im  in white spruce ornples collectecl 
according to  krkll #d tr-cct seaplim dwigm (continued). 

Smple ID W, ppl Y, ppl Zn, pplr 
---..-**----.*.*-- 1_I-ll---.-***--...---**--.-.**--*.-**---*---*--..--*---..*-*---...----.------*---*---*-*--*---*--*--* 

South Yransecq 



Table AS.--Listing of r u l y t i e a l  data for p ~ ,  ash yield, ud el-t concentration in snples of O-horizon so i le  
coll.cted according to  krbll nd trnocct  dtsigno. 

S-1. I D  L a t i t u k  Lon~ituda pn Ash, X Ag, ppr AL, X As, ppn Ba, ppn Ca, X Ce, ppn .---------.......-----*.....-----....-.----....-------..-.------.-*.----... "--~~...---..*.----..*-------...---**-*----* 

11 Sanulina Desm 
3.6 26.4 Q 1 .8 
4.0 37.4 Q 2.4 
4.1 26.6 4 1.7 
3.7 25.8 3 1.7 
3.6 26.6 3 1.8 
3.9 50.4 c2 3.4 
4.8 25.4 <2 1.5 
3.9 16.2 c2 1 .O 
3"8 17.0 <2 1.1 
3.7 22.0 *2 1.5 
3.9 23.2 c2 1.6 
4.0 21.2 82 1.5 
4.5 39.8 <2 2.8 
1.5 41.2 Q 2.9 
4.6 24.6 Q 1.7 

a 4.5 61.6 
' 

5.1 
4.1 53.6 c2 4.1 
1.0 39.0 Q 2.6 
3.6 36.6 <2 2.7 
3.6 36.0 c2 2.6 
3.8 17.4 <2 1.2 
4.0 22.4 <2 1.2 
4.1 47.2 <2 2.5 
1.1 16.0 Q 2.4 

East Trarmcct 
4.1 49.0 4 3.6 
4.1 47.2 Q 3.6 
4.3 S4.8 4 4.1 
4.1 40.6 c2 3.0 
3.8 40.2 Q 2.8 
4.1 38.6 Q 3.0 
3.9 19.4 Q 1.4 
4.6 28.0 *2 1.8 
4.4 45.2 c2 3.2 
4.5 36.8 9 2.5 
4.4 63.0 c2 4.6 
4.1 41.4 4? 2.9 



- * * - - - - - * * - - - - - -  -*-------------*---*---*--------.*..-------..-------.**--------....---------....-------------...-.----- 

EL 9'L f S  O'L 8'2 Z* 8'6s S'f 6fOLLSL 9LSL09 2%9Sm 
L EmL 92 9'0 9'L b f 'LZ 0'9 6fOLLSL 9LSL09 L'IPSx3KIs 
9 S'L S t  9'0 S* L 2s 2.12 0'9 6'rOLLSL 9LSLW LWS- 
EL 0'2 O f  6'0 6.E 2, U'Lf S'f SELS4L ZUtOO L Z l S m  
6 Z'L VE O'L 6'L t, 9'92 8.E SEZLLSL ZQSO9 Z9LSlXB 
L 1 E'L 9!i 6'1 L'E t+ 9'8E 6.E SSZLLSL ZKIiOP L9LSW 
L L E-1 LE 6'L 2.E 2, 2'09 6'1 PSZLLSL ZUEO9 L9LS- 
LL  8'0 61 8'0 E'Z 1, 0' LE O ' f  6%LLSL EtSm9 L B O S m  

L L 6'L 82 5'0 EgS t* 9' L f  L ' f  W L L S L  8SSW Z'IOSU#S 
6 0'2 21 5.0 9.1 t* 0.29 S'f E%LLSl US8£09 190s- 
9 i  2.2 EL 0-L s-9 u 9-9s E-9 LZLZLSL sum L Z O S ~  
9L L'L 6E E'L 6.1 t* O'ZS t'f 69LZLSL 9S6£09 Z L O S l X S  
91 5.L 9s Z'L 9.E U 2-99 0.9 6fLZlSL 9%- LLDS- 

b ~ s u e ~ l  r ( 3 d  

S £9'0 6L 5'0 SmL U f '8L 9'1 8ZOLOSL LS-L'r09 ZmUIOS 

8 O'L 82 9'0 S" L a 0.n &.E 6WWSL L K W  LWNUIOS 
L L8'0 ZE 8'0 U'L E, f'6t #-S m S L  WWV9 LZEIIUKIS 

L L 9'L . SP 9'0 L.2 b 0'9s 9'9 WLOLSL 8ZE'rOO Z9LHm 
Z L 9'L ZP L'O 6.2 t, O'LE L ' f  OOLOLSL 8 tEW L 9 L I m  

6 9'1 ZP 9'0 8'1 Z* 2'9s L ' f  8EELLSL Z f Z W  LBOnlmS 
2 L L'L SS 9'0 E X  U 9'Ef L'f PSQLLSL Z f L W  2fOWI;IOS 
8L E'Z 6f 6'0 2.5 E, 9'59 6'9 EPLLSL a1'109 LPOMU~OS 

S L 9'L ES 9'0 YE B 8 W  0'9 90LZLSL ULLM9 LZONlmS 
6 f ' L  a 5.0 9'2 2' 9.S L ' f  LCLZLSL ELL909 ZLONKI#5 
6 9'1 0s S O  9'2 U 9.9s L'f LELZLSL ELL- Z L O M ~ ~ ~  
L L 9'L OE S.0 L*E tr 8'03 L - f  LELZLSL ELLW LLONUKIS 
9 16'0 ZZ 9'0 Q'L Z+ f 'ZZ O'E ~ ~ Z Z L S L  1 5 0 ~  L S ' M ~ ~  

> W ~ R J I  WJoN 
__*__**_*-----...*-----..-------.-----.*-------...------...-----.*-------**------*.*.------...-------....-------...---- 

urjd # a ~  x ' s j  udd 'ma DlrW 'sv x a~~ udd ' lv  x ' y v  Hd ma!-1 malami 01 a l a s  
_. -__*_*- - * - -  1*1--**-..------.*.-----..-------....----.-.---*--..------.*-----....-------..----*......-------....------ 



Table AS.--Listing of ma ly t i c r l  b t a  for pH, ash yield, Md el-t cmcwltratiow in smples of O-horizon soils 
collrctad meording to  krbmll erd trutecct designs (contimmd). 

East Trnmsect 
9 0.22 
9 ,  0.20 

10 0.20 
6 0.22 
7 0.14 
7 0.44 
4 0.26 
5 0.20 
9 0.16 
7 0.10 

12 0.16 
7 0.16 



Table A3.--Listing of umlytical data for pH, ash yield, nd e l e m t  conemtrationr In snplea of O-horizon soils 
collected according to  b s r k l l  nd trMsect k o t -  (cmtinnd). 

S q l c  I D  Con ppa Cr, ~p l l  Cu, pp Fe, X k, ppn no, ppn K, X La, ppn Li, PP Mg, X -*.----------*.---------...-------....-----..*.-------**.-------...-----....-----.*.------.---------------------.------ 
North T r a ~ a c f  
4 0.16 
6 0.12 
6 0 . 1  
6 0.12 
8 0.14 

13 0.14 
8 0.16 
8 0.26 
7 0.18 
6 0.16 
5 0.28 
4 0.20 
4 0.16 

Swth Transact 
8 0.24 
9 0.20 

10 0.14 
8 0.24 
7 0.22 
6 0.12 
8 0.20 
8 0.22 
5 
9 0.18 
4 0.14 
4 0.16 
7 0.16 



Table AS.--1isti- of nr ly t iu l  data for @I, ash yield, ud el-t c#rerntrmti#w in s w l e s  of 0-horizon soi ls  
t01l.et.d ucordim to bark11 wrd tr-t hi- (cmtinrd). 

-*--... .--*--*....-__-----....---*-----...----..-.***-...-**----...***-*..-----**.***---.***-*-*...------...-*---*------. 

Sanple I D  Iln, ppa Ha, X Nd, ppr H i ,  ppl P, X Pb, ppl Total I, X Sc, ppn Se, ppn Sr, p p ~  
*-~....-**---....*-__--*-..*..--**---~....-~~~...--*-~...-----...~~*--...-*-**-*-~**--~**--*-*--*.--*---*---------**----- 

park11 SmmLina Daim 
5 6 0.15 4 0.08 4 0.20 93 
6 8 0.13 b 0.11 5 0.20 130 
6 9 0.14 6 0.12 3 0.30 110 
5 6 0.16 4 0.12 3 0.10 87 
5 9 0.17 5 0.14 3 0.20 95 
9 12 0.13 5 0.07 7 0.20 170 
4 10 0.15 11 0.13 3 0.20 130 
4 8 0.13 10 0.17 2 0.20 72 
4 5 0.17 12 0.12: 3 0.20 n 
6 12 0.11 10 0.13 3 0.20 100 
4 6 0.14 7 0.12 4 0.30 110 
4 6 0.11 6 0.12 3 0.20 140 
8 15 0.17 6 0.10 5 0.20 190 
8 8 0.17 4 0.09 5 0.30 190 
4 7 0.14 4 0.16 3 0.40 170 
11 14 0.14 4 0.08 9 0.20 270 
10 11 0.12 4 0.08 8 0.20 190 
9 6 0.13 5 0.10 6 0.20 130 

10 7 0.15 4 0.11 6 0.20 130 
7 5 0.15 4 0.12 6 0.20 120 
4 4 0.14 29 0.14 3 0.10 7P 
4 4 0.13 4 0.14 2 0.10 92 
5 5 0.13 4 0.11 5 0.10 130 
5 5 0.13 4 0.11 5 0.10 120 

East Trensect 
9 10 0.09 16 0.09 6 0.20 180 
8 9 0.09 17 0.10 6 0.10 180 
9 15 0.10 18 0.09 7 0.20 200 
6 12 0.11 15 0.10 5 0.30 150 
5 0 0.11 4 0.10 5 0.30 140 
5 8 0.12 4 0.12 5 0.20 150 
5 7 0.13 4 0.18 2 0.20 120 
7 8 0.15 8 0.16 4 0.20 140 
9 9 0.17 9 0.10 6 0.10 170 
7 9 0.13 8 0.10 5 0.10 150 

14 14 0.11 6 0.06 9 0.30 230 
8 13 0.13 10 0.08 6 0.30 150 

-----**--**------..--*****--...-**-*--...****--*.**-*-----*--*-*-------**-------*----*- 



fable A3.--listing of anmlytlcml data for pn, ash yield. wd el-t cmcmtratima In sanples of O-horizon soils 
c o l l ~ t e d  according to bmrkll nd tramact dqigrts (continwd). 

Sanple I D  Hn, ppn Ha, X Wd, ppl M i ,  pp P, X Pb, ppn Total S, X S t ,  ppn Ss, ppn Sr,  ppl .-**-.....-**--.... ~***--~-....---.....*---...***--....**-....*---..-***--..******..------.**---..------..--*-*-------- 
North trrnsecf 

4 10 0.10 23 0.16 3 
7 8 0.10 13 0.12 5 
5 8 0.11 12 0.15 4 
7 8 . 0.11 14 0.16 4 
8 8 0.10 10 0.10 6 
8 8 0.10 6 0.06 8 
7 6 0.09 4 0.10 5 
6 7 0.13 5 0.11 5 
6 8 0.11 4 0.10 5 
6 6 0.13 5 0.11 5 
7 13 0.12 5 0.12 4 
6 12 0.11 10 0.13 3 
4 5 0.13 11 0.08 3 

South Transat 
8 10 0.11 22 0.11 6 

11 9 0.11 15 0.09 7 
9 13 0.12 11 0.09 7 
9 10 0.12 8 0.11 6 
7 9 0.12 10 0.10 6 
6 7 0.10 5 0.19 4 
7 8 0.13 24 0.09 5 
7 8 0.14 25 0.10 5 
5 7 0.15 n 0.13 4 
8 7 0.17 4 0.08 7 
4 6 0.11 b 0.12 3 
5 9 0.11 4 0.11 3 
8 15 0.17 6 0.10 5 

.................................................................... 



Table A3.--1istirrp of u u l y t i c a l  data for pH, ash yield, nd e l m t  concentrations in s w l e a  of 0-horizon soils 
c o l l ~ t d  mccordira to b s r k l l  wd tramect (tontfnml). 

__.....- 1.-....3----..-...---...---..-..-----..------...------....------*.-----.-------.-------------*-....-----..----* 

S-le I D  T i ,  X V, pp I, ppr Yb, pp Zn, ppl 
__...C-------..----_1-1111.-....---11..-----...-------..-------...-----.*.-----.----- " * - - - - - - - - - - - * * * - - * - - - - * - - * * - - *  

garball Sum1it-m Dcal~ln 
so111111 0.11 50 4 el 29 
SO111211 0.14 39 6 el 43 
80112111 0.09 26 4 *1 n 
SO112121 0.10 27 4 el 44 
50112122 0.10 Z8 4 *l 4 
SO112211 0.20 51 7 *I 32 
80121111 0.w 25 4 4 140 
80121121 0.06 19 3 *I 38 
SO121211 0.07 19 3 s l  30 
SO122111 0.09 24 4 el 33 
SO122211 0.10 27 4 *1 19 
SO211111 0.08 22 4 el 50 
so211121 0.15 40 7 el 88 
SQ211122 0.17 42 7 el 89 
SaZllZll 0.08 27 5 *1 22 
SO212111 0.26 74 10 1 38 
SO21221 1 0.24 62 9 1 44 
W221111 0.17 39 8 1 39 
SO22121 1 0.18 39 8 1 36 
SO221212 0.18 38 8 1 35 
SO2221 1 1 0.07 18 3 <l 50 
-121 0.06 19 3 el 63 
-1 1 0.14 37 7 el 47 
SO222212 0.14 36 6 e l  47 

East Transect 
SOKTEO11 0.18 49 7 *I 38 
SmXEO11 0.18 48 7 cl 40 
W E 0 1 2  0.19 56 8 1 56 
SOKTEO21 0.15 45 7 *1 53 
W E 0 4 1  0.15 43 6 cl 42 
W E 0 4 2  0.14 45 7 cl 61 
SOKTEQB1 0.07 22 1 *1 64 
SOKTE161 0.10 24 5 *1 95 
-El62 0.17 43 7 el 57 
~ a ~ f n t i  0.13 38 6 e l  75 
SDKTE~CI 0.28 6s 11 1 a 
SoKfE642 0.16 47 6 11 28 

....................................................................................................................... 



Table A3.--Listing of mly t icml  data for pH, ash yield, nd tlcmt conccntratiom in smplcs of O-horizm soils 
collrcted aecordinq to barbdl nd-tramect designs (cmtirnmd). 

S m l e l D  t i ,%  V , p p  Y , p  Yb,m tn ,ppl  
....................................................................................................................... 

m 1 . 5 1  0.09 27 4 cl 54 
SOKT1011 0.15 46 7 1 42 
W 1 0 1 2  0.13 42 7 *1 130 
00KXN012 0.12 34 6 c l  120 
sm~n021 0.18 a 7 *I 43 
S#CtN041 0.25 65 10 1 60 
501[71052 0.16 46 7 *I 63 
SOKT10111 0.P 43 7 81 58 
SOKTWlM 0.15 44 7 *I 86 
S#[f1162 0.14 38 6 81 89 
SaKTN321 0.10 28 4 *1 34 
SDK~NUI 0.09 24 4 4 n 
SOKTW2 0.08 21 3 41 18 

Swth  Transut 
=SO11 0.17 51 7 1 51 
~ O K T S O ~ Z  0.20 55 8 1 43 
b#lfs 021 0.20 6r, 9 1 51 
#IKtW141 0.15 51 8 1 72 
SCllCTEDGZ 0.16 51 8 <I 
SOKTS081 0.12 25 5 el 19 
W S l 6 1  0.15 48 5 d 52 
SQKXS161 0.15 44 5 4 52 
SDKtSl62 0.10 30 4 cl  4.6 
s#nS32l 0.19 54 8 *1 8 
SOKTS661 0.08 22 4 cl 50 
SOKXS661 0.08 23 4 e l  51 
SaKTS442 0.15 40 7 c l  88 



Table A4.--Listing of uu ly t ica l  data for pH a d  eleamt eoncentr8tions i n  senpln of B-horizon soils collected 
according t o  t r s e c t  smpl iw  ksigno. 

s s n s s s ~ s ~ ~ 0 ~ ~ 1 ~ ~ 8 s ~ 8 ~ 1 1 s ~ ~ 1 ~ s ~ 1 1 1 ~ ~ ~ ~ t ~ ~ m u 1 ~ ~ ~ ~ ~ a s s s s ~ 1 s t ~ ~ 1 ~ ~ 1 ~ 0 1 ~ s 1 s 1 s ~ ~ ~ ~ ~ ~ ~ s s s ~ ~  

S m p l m  I D  Latitude Longitude @I AL, X As, ppn Ba, ppl Be, w Ca, X Ce, ppin Co, ppn 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ea$t f ransect 

4.3 500 
4.3 550 
4.6 480 
4.1 480 
4.5 580 
8.3 530 
4.0 520 

11 500 
6.3 530 

12 530 
9.6 560 
9.3 570 

North Transect 
6.4 530 
4.9 500 
4.0 500 
4.1 560 
4.2 550 
4.6 530 
5.7 590 
5.2 520 

12 530 
6.4 130 

14 580 
5.2 580 

12 530 
11 500 



Tablr A4.--Listing of mmlytical & t m  for pH Md el.mmt concentratims in senplw of 8-horizon soils collected 
according to tramect e l i r q  him (contin&). 

East Trmsect 
0.10 0.86 15 
0.M 0.92 14 
0.12 0.80 14 
0.14 0.78 13 
0.06 0.97 15 
0.12 0.90 15 
0.10 0.94 10 
0.12 0.n 14 
0.10 0.83 15 
0.011 o.n 14 
0.02 0.95 18 
0.04 0.92 17 

North T ranscet 
0.04 0.92. 14 
0.10 0.84 14 
0.10 0.85 14 
0.06 0.98 17 
0.06 0.98 17 
0.10 0.M 14 
0.10 0.95 14 
0.10 0.85 14 
0.10 0.84 15 
0.08 0.11 8 
0.04 0.97 16 
0.04 0.98 17 
4.02 0.85 16 
O.W 0.81 16 

South T rmaet  
0.08 0.92 15 
0.08 0.91 14 
0.09 0.68 12 
0.14 0.84 14 
0.08 0.90 15 
0.08 0.74 14 
0.12 0.m 14 
0.04 0.97 14 
0.02 0.74 15 
0.04 0.92 15 

.---*...*-**-*-*---..-.**..***-*-*- 

0.92 590 
0.91 620 
0.83 490 
0.81 460 
1 .O 830 
0.91 920 
0.95 5M) 
0.85 1000 
0.73 490 
o.n iooo 
0.98 550 
0.93 560 



table A4.--Listing of analytic111 date for pH a d  el-t concentrations i n  smplcs of B-horizm soils collected 
according to  trumrct s.nplinp him tcmtinucd). 

s-le I D  Ma. X Mb, ppr Hd, ppn M i ,  pp P, X Pb. ppn Total s. X Se, #m Se, Ppn Sr, Ppn 

SBKTEO11 
SBKTE012 
88KfE021 
SBKXEO2l 
SBKTE041 
SBKTE042 
SBKT E081 
SBKTE161 
SBKTE 162 
s a ~ ~ ~ 3 2 1  
sSKTEU1 
SBKTE662 

East tram-% 
11 7 0.10 9 
12 6 0.08 9 
12 7 0.10 9 
12 6 0.10 a 
13 7 0.08 10 
11 16 0.11 10 
24 6 -. 0.09 4 
12 15 0.18 10 
13 10 0.08 10 
12 10 0.35 10 
15 18 0.09 11 
15 20 0.06 10 

North Transcet 
13 b 0.09 9 
9 6 0.10 9 

l t  6 0.10 11 
15 9 0.08 11 
15 9 0.08 11 
10 6 0.09 11 
13 5 0.16 9 
11 7 0.13 10 
12 17 0.20 9 
5 4 0.07 6 

14 21 0.15 12 
14 18 0.07 12 
13 21 0.05 10 

S#rth 1 ramsect 
12 7 0.08 9 
12 6 0.08 9 '  
10 8 0.11 7 
12 10 0.10 10 
14 8 0.00 9 
10 11 0.14 12 
12 10 0.11 8 
13 7 0.16 8 
13 8 0.15 10 
14 10 0.19 9 
13 9 0.21 8 ,..------------------.....-......--------- 

0.05 
4.05 
0.06 
0.06 

4.05 
*o. 05 
c0.05 
so. 05 
<O. 05 
4.05 
4.05 
so. 05 

4.05 9 0.4 350 
4.05 9 0.6 380 
0.06 8 0.8 260 
0.06 10 0.6 290 

so. 05 10 0.8 330 
4.05 9 0.8 230 
4.05 10 1 .O 230 
4.05 10 0.4 310 
Q1.M 10 0.3 310 
4.05 9 0.6 270 
c0.05 10 0.5 340 

- - - - . I . * C - - - - - - - - - I _ _ - - - - - I - - * . - - - - - - - - - - - - - -  



Table M.--Listing of  aulytfeal data for  pll Md elenrant eoneentrations in sanplco of 8-horizon soils col1ectCd 
according to trnsect -ling drsigrs (continued). 

-.-*-.....****-.--.........-**-----.......***------....**-**----......----*--..-*-*--------.*-----*----.--*------.---- 
S m l e  I D  Th, pplr T i ,  X V, ppr Y, Yb, lrpr tn, ppn .........~*~~*~.........-*~~~~~..~......~**~~~~~~~....*~*~*~~*~....*~*~~~~*...*~*~*~.~~~~---***-*~~~~-.~.*****--*.---- 

mt TransecJ 

8BKtEO11 4 0.35 110 11 2 # 
S8KlE012 4 0.35 100 11 2 49 
SWTEW1 4 0.33 100 11 2 37 
bBKXEO21 4 0.33 100 11 1 35 
SBwfEOSl 4 0.36 100 12 2 47 
SBKlEOb2 4 0.38 130 11 2 59 
SBKTEOLH 10 0.37 93 10 1 1 
SBKTE161 5 0.39 140 10 1 5 1 
SBKTE162 4 0.M 910 11 1 40 
W E 3 2 1  4 0.40 150 10 1 54 
W E 6 4 1  4 0.47 150 11 - 2 46 
58KTE642 4 0.43 130 12 2 42 

North Transrt 
SWlW.51 4 0.37 120 11 2 41 
S W l M O l l  4 0.35 110 11 2 46 
EBWrNOl2 4 0.35 99 11 2 40 
SWlN021 4 0.37 100 13 2 50 
bBKXtl021 4 0.37 100 13 2 50 
sewfblO41 4 0.35 110 10 2 47 
SBKTNO42 4 0.36 110 10 2 53 
IKTlO81 4 0.37 110 19 1 51 
SBKTW161 4 0.39 140 10 1 59 
WKTN162 9 0.20 88 4 81 34 
SBKtWU1 5 0.35 120 9 1 4a 
SBKtN641 5 0.46 150 11 2 42 
S B n W  5 0.43 140 11 2 44 

South Trensect 
88KTS011 4 0.35 100 11 2 U 
gBIITSO12 9 0.34 94 11 1 46 
SBWfSOZ1 4 0.29 80 10 1 55 
SBKTSOlll 4 0.37 120 10 1 50 
SKTSOC~ 4 0.37 110 l a  2 45 
SBKfS161 4 0.37 140 10 1 a 
SBKTSlIK 4 0.36 120 11 2 43 
%US321 4 0.39 90 11 2 44 
SBKXN321 4 0.39 90 1 2 2 44 
S8KTS641 4 0.37 130 11 1 41 
SBKlSM2 4 0.35 09 12 2 56 
~ ~ ~ ~ ~ ~ Z ~ ~ ~ ~ ~ Z ~ ~ ~ ~ P P = ~ ~ = ~ - ~ ~ ~ ~ I ~ ~ ~ P ~ ~ ~ P ~ P ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ I L ~ I I ~ Z ~ ~ ~ ~ ~ ~ I Z I I ~ ~ ~ ~ ~ ~ ~ = L ~ ~ I P ~ E = ~ ~ ~ ~ ~ ~ I L ~ I I X I I = = = ~ ~ ~ ~ ~ ~ ~ ~ ~ % % ~  



Table AS.--listing of . ~ L y t i c a l  data for pH d el-t concmtratiorts in 8-1- of C-horlzon so i ls  collected 
~cording t o  barb11 nd trvtarcct sapling designs. 

Sarple I D  latitude Lorqitudc pn Al, X As, ppr Ba, pp Be, p p ~  Ca. X Ce, ppn Co, ppa 

park11 Slwrolim Dasinn 
1503023 5.9 6.9 9.9 650 
1503023 5.7 7.0 11 620 
1503640 5.3 6.9 11 590 
1 5 W O  5.7 7.7 10 620 
1503640 5.5 7.3 10 650 
1503406 5.3 6.8 10 620 
1 5 W  5.5 7.0 9.4 610 
15Mlli26 5.5 6.8 10 570 
1500126 5 -4 6.5 9.1 620 
1.500rS58 5.5 6.9 9.9 530 
1500869 5.2 6.9 12 570 
1500848 5.5 7.4 11 590 
1500868 5.6 7.1 11 570 
1511049 5.5 7.5 7.1 550 
1511049 5.5 7.3 5.5 570 
1511154 5.7 7.6 6.8 530 
1511459 5.6 7.3 7.2 550 
1511420 5.4 7.3 5-0 530 
1511420 5 -5 7.5 4.8 520 
1512835 5.3 7.6 3.3 560 
1512720 5.8 7.9 4.9 520 
1512206 5.4 7.3 4.0 570 
15122W 5.4 7.3 2.2 530 
1512312 5.5 7.2 4.3 500 

East Tramsees 
1512121 5.8 8.0 7.7 520 
1512121 6.2 8.2 8.4 570 
1512024 5.8 8.5 7.4 500 
1511845 6.0 8.4 6.2 580 
1511845 5.6 7.8 6.6 5m 
1511220 5.8 8.2 8.3 570 
151W40 5.6 7.7 11 590 
1510340 5.7 8.0 8.2 600 
15Ob7D2 5.8 7.2 9.1 61 0 
1501550 6.0 7.4 12 570 
1501550 5.0 7.0 12 5'10 
1501550 5.8 7.2 9.5 610 

......................................................... 



Table AS.--Listing of m l y t i e a l  data for pH #d e l m t  concentrations i n  ssnplvs of C-horl tm soi ls collected 
according to bark11 d t r ~ e e c t  s.apling &si- (contirued). 

S a p l e  I D  L a t i t u k  Lorrgituk pH ~ l ,  X Aa, ppl Ba, ppm Be, ppn Ca, X Ce, ppn Co, ppn 
....-----1-.......-__--------....--.----....------...----------**.--------..**-----------------...-----*...*------------ 

North Transst 
4.3 550 1 
4.1 550 1 
6.3 500 1 
7.3 500 1 
6.0 530 1 
3.9 480 *1 
3.7 480 <1 
6.7 540 1 
7.3 580 1 

13 600 1 
14 5#1 1 
13 630 1 
8.8 RD 1 

13 560 1 
12 550 1 

Swth  Tramect 
4.3 540 1 
6.3 560 1 

12 370 e l  
7.6 540 1 
8.9 540 1 
2.0 330 c l  
8.8 550 1 
7.8 520 1 
5.9 550 81 
7.5 550 81 
6.6 590 1 

,---..*...---------.-**---*----- 



Table AS.--listing of amlytical cbtr for pH a d  elmmt c#rentratiom in 8-1- of C-horizon soils collected 
according to barbell d t rmat sapl ing  dssigns (continued). 

........*--**-*---**-------..~.....~...-.-**~~~.......--****~*~~~~*~.....*.**-~*~*~~~~.*~*..-*-*~~*~-.***--**----.-*-- 

S q l m  1D Cr, ppn cu, pp Fm, X 61, ppl Hg, ppl K, X La,- Li,ppn 1 0 , X  n n , ~ p n  ****.----**---------*.--.....*.****-*------....*.*---------....... "--*-*--*---......*****-----.-.---*.--*---.---*-*--- 

perk11 Smoli . ta  Design 
15 0.06 1 .O 
16 0.W 0.95 
14 0.04 0.95 
16 0.04 1.0 
17 0.04 1.1 
16 0.04 1 .O 
17 0.02 1.0 
18 0.04 0.86 
14 0.04 1.1 
18 0.04 0.86 
19 4 . 0 2  0.87 
17 0.02 0.96 
15 0.04 0.9 
17 0.02 0.91 
17 0.02 0.98 
15 0.02 0.86 
16 0.02 0.87 
18 0.02 0.88 
17 0.04 0.9 
18 0.04 1 .O 
16 0.08 0.87 
17 --* 1.1 
17 0.04 0.97 
17 0.06 0.89 

fast Transut 
18 0.011 0.9 
19 0.06 0.91 
19 0.10 0.86 
19 0.00 0.98 
18 0.06 0.90 
19 0.04 0.97 
15 0.04 0.93 
19 0.M 0.95 
15 0.04 0.97 
16 0.04 0.95 
I S  4.02 0.92 
15 4 .02  1 .O 



T d l e  A5.--Listing of uulytical &to for pH d el-t c w m t r a t i o n r  in surplcs of C-horizon soi ls  collected 
according to brbell Md tramrct sarplirig desigw ( c o n t i d ) .  

swlr ID Cr, p ~ r n  cu, ppl Fa, X [ir, ppl Hg, pp K, X LO, ppn Li ,  ppn ng, X Mn, PP 
-----...----*-.**.------*...---------..------.*------*-------..-----...-------..-----..*-----*.--**-*.--------*-- ----- 



T A l r  A.5.--Listing of m i y t i u l  L t a  for pH nd elramt  concentrations i n  rap\- of C-horizon soi lo collcetcd 
 tord ding to k r b s l l  d tramet t  smpling designs tcmtinnd).  

S.lple I D  No. X Wb, p Yd. ppl H i ,  pp P, X Pb, ppl Total S. X Sc. ppn Se, ppn Sr. FV 
* . . . . ~ . ~ ~ ~ . . ~ ~ ~ * ~ ~ . . . . - - ~ - - - - . . . . ~ ~ ~ ~ . . . ~ ~ ~ ~ ~ ~ * . . ~ ~ ~ * ~ . ~ . - - ~ ~ ~ ~ ~ * . ~ ~ ~ ~ ~ ~ ~ . - - - * ~ ~ . . - * ~ ~ ~ ~ ~ ~ - - - - - - ~ * - - - - ~ ~ - . - - - * - - - - - - - -  



T*le AS.--~isting of mnlyt ical  rhtr for pll md el-t concentrations in snples of C-horizon soils collected 
according to b n r k l l  IKd trmscct s#pling &sigm (contirrrcd). 

SsnplrID Ha,% Nb,pp M,pp N i , p p  P O X  Pb, ppl Total S, X Sc, p p  Se, Sr, #m 
*--* .................................................................................................................. 

m n . 5 1  
SCKXN.51 
S#clNOll 
scKxNo11 
6CKTYO12 
SCKTN021 
SCKXNO21 
SCKTN W 1 
SCKTN042 
SCKfN081 
SCKTN161 
SCKTN162 
XWTN321 
SCKfll64l 
scKlw2 



TAle AS.--Listing of u u l y t i c a l  data for pH a d  tlenmt contlntration in -lea of C-horizon soi ls  collected 
according to  btkll wd trnsett s q l i n g  dmiw (eorrtind). 

Srplt I D  Th, pp Ti, X V, ppn Y, p yb, PF b, 
~*~~...****~*~~*~..***-*---1.1--.******~*~~~~~..~****~~.*..**~**~~~.**~**~~*.****~*~~~.~---~~~*--~~~---***--*****----*--- 

Barbell Smm\inn D e i q  

12 2 58 
13 2 58 
13 2 42 
14 2 100 
11 2 65 
11 2 49 
11 2 44 
11 2 56 
11 1 63 
10 1 46 
12 2 47 
14 2 62 
13 2 57 
11 2 48 
12 2 60 
13 2 51 
13 2 56 
12 2 M 
12 2 50 
13 2 50 
14 2 55 
12 2 #1 
11 2 52 
13 2 59 

East Transcct 
13 2 60 
1s 2 68 
1s 2 54 
13 2 65 
14 2 53 
13 2 69 
13 2 75 
14 2 63 
13 2 70 
11 2 bb 
11 2 67 
12 2 5s 



Table fi.--Listfng of m l y t i c a l  data fo r  p+l d tlcmt concentration6 i n  8-lea of C-horizon so i ls  collected 
acco~ding t o  bark11 d trmmect s.lpling dtsigna (continud). 

*~~~~*~~.~~*........**.......*.****~.*****~~....~.-***-**--~~~~**~~~~~.......*-**---.-~-~*.********-*---.-----*----*-- 

S . n p l t I D  T h , m  Ti ,% V , w  y # # m  Yb,ppl Wpm -------..*-*.....*.....-...-.-.*-*-*----*-------..*.**-**--*-*-----*--....*...*- -**--**----*-.---*----*---.*-.--*-**--- 

Forth Tramsect 
SCnN.51 4 0.38 110 12 2 44 
S W . 5 1  4 0.37 110 12 2 46 
SCl[tNO11 4 0.42 130 15 2 43 
SCrXNO11 4 0.42 130 15 2 .  45 
SmNOl2 4 0.40 120 13 2 44 
SCKTNOZl 4 0.32 W 10 1 4 1 
S#O(N021 4 0.32 W 10 1 44 
scnNu1 5 0.39 1% 14 2 57 
8UnH042 4 0.41 130 12 2 88 
SCI[TNO111 5 0.43 140 13 2 88 
SCIETNl61 6 0.42 130- 12 2 fJ 
SCrtW162 6 0 .  140 13 2 85 
SewfN321 5 0.29 91 9 1 51 
S#ITW641 5 0.44 130 13 2 53 
SCKtY442 5 0.43 130 14 2 55 

South frensecf 
SelCTS011 4 0.38 110 15 2 51 
m s o 1 2  4 0.40 la 14 z n 
S#CTS021 4 0.26 & 9 1 36 
S#ITSO41 4 0.39 120 14 2 63 
SCKTS042 5 0.39 120 13 2 59 
SCYTS081 4 0.22 5 1 8 1 27 
SCKTS161 4 0.39 120 13 2 65 
SCTTS162 4 0.38 120 13 2 55 
SCnS321 4 0.40 110 14 2 45 
E#[T!t&l 4 0.40 120 11 2 56 
SeKTSU2 4 0.38 100 12 2 00 
~ I - I L P ~ ~ = ~ ~ = ~ ~ ~ I = ~ L I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = = % ~ ~ ~ L ~ ~ ~ ~ I P I ~ ~ I ~ ~ ~ ~ I ~ ~ ~ ~ ~ I L ~ Q ~ ~ I I I I I I ~ ~ = ~ ~ ~ ~ ~  
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Table A6.--Listing for uu ly t ica l  data for ash cmtent u d  eLmmt c#rmtrati#lo i n  ash of elckrberry srrplt8 
collected in a d  mar the Kmai Uationrl Ui ld l l fe  Ref-. 

CTotaL S, As, Hg, d se dttemincd on the dry plnt material; ELDER1 corresponds with site KTN.5, mar  the 
induotrial conplex; ELDEO corrwp#ds with r i t e  KTM32, 32km east of the induotrial c#rpLexl 

= 1 - 1 t 1 1 = = 1 = 3 8 X 3 8 L I r l  - ~ ~ - U T - S ~ I ~ ~ I I I ~ ~ = S L I L ~ = S X X ~ I I X I ~ I ~ I P % I = = = = = = ~ = I $ : = ~ ~ X I I X X I = = = ~  

Saaple I D  Latitude Lmitudc Total, SX Ash, X AL, % b, % Ft, X K, X Mg, X Ne, x 
-I.- 1 I 1 . . . ~ ~ C . . . . . 1 . . . . - ~ 1 . . ~ . ~ - - - ~ ~ ~ - - - * ~ ~ ~ - - - ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ . ~ ~ . ~ ~ ~ ~ ~ ~ * ~ . . - - - ~ . - - - - - - - - - - - * - - - - - - - - * * * - - - - - - -  

ELDER10 604053 1512228 0.48 10.6 0.22 4.40 0.26 23. 2.8 3.3 
ELDER2b 604406 t50C630 0.28 13.8 0.06 9.50 0.09 18. 2.7 1 -8 

p, X Ti, X Ih, ppl Ba, ppn M, ppl Ce, P P ~  Co, ppo Cr, ppn Cu, ppn 6% pps 
------*- ----*-----------...----*-..-------------------------------------------------****-.-.*.--.----------------*------ 

ElDERla 3.8 0.01 6800 210 4 4 2 7 32 4 
ELDER2b 3.0 4.01 740 410 4 4 .Y 5 39 4 



table A?.--1iatlng for d ~ l y t i c a l  data for  aah c m t t n t  a d  e l c r n t  contmtrationr in  ash fo r  the age st* 
of Aitr spruce tmkm mar  the Kcrvi I h t r i a l  area. 

[Total S, As, Hg, 04 Se d e t e r r i d  m the dry plant mntarial; nN.53-5 i s  a s q l e  o f  3-to-5 year-old twigs; 

KTN.51-2 i s  a -le of 140-2 year-old twigs fran the a m  tree mar  the Industr ia l  conplex; The remaining 
three sanplco are froll 1-to-2 year-old twigs of frm three rep ra te  trees near the industr ia l  canplexl 

I E U I P ~ ~ ~ ~ ~ Q ~ ~ ~ ~ ~ ~ ~ ~ Q I ~ ~ ~ ~ I L ~ ~ I ~ O ~ ~ ~ O ~ ~ ~ D ~ = ~ ~ ~ ~ ~ I ~ ~ ~ ~ X X L I ~ = ~ ~ ~ S Q ~ ~ ~ ~ U I I = ~ ~ S ~ ~ =  

Saaple I D  L a t i t & a  Longitude Total S, X Ash, X AL, X Ca, X Fa, % K, % Mg. X 
1-*------.-..*...~~~~~~*-~~~---~.-.-.~~~~~-~.~*--~~~---*-*****-**--*----******-----**------*-.------*-.*-*~-+* 

KTK.53-5 604053 15 12220 0.06 1.99 1.4 11 0.67 16 1.4 
KtN.51-Z 604053 1512228 0 .M 2.21 0.37 7.8 0.23 25 1.9 

PIITN.51 604053 l S l U i 8  0.11 2.02 0.93 10 0.54 20 2.9 
PKTN -52 M f  1512228 0.09 2.36 1.2 11 0.69 18 2.8 
PICTN .53 604053 IS12228 0.08 1.92 1 .O 9.2 0.61 18 2 -7 

PKTN.51 11 15 % 4 *2 950 e0.M 0.02 ~0 .05  
P ~ N  .52 15 18 B 4 Q 71 0 ~0.05  0.02 41.05 
PKTN .53 B 15 4 4 cZ 900 4.05 0.04 *0.05 



Table A8.--Extraction anion data on selected 
soil samples. 

[All determinations done by ion chromatography 
on a 1:5 (snmp1e:water) extraction of soil, and 
reported as ppm in the extracting solution.] 

SAWLEID Chloride Sulfate Nitrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SCKTEOll 1 1 <0.5 
SCKTE021 2 1 <o. 5 
SCKTE041 1 1 co.5 
SCKTEOSl 2 3 <0.5 
SCKTE161 1 2 <0.5 
SCKTE321 1 1 <0.5 

SOKTN. 51 15 23 5 5 
SOKTNl6l 20 24 CO. 5 


