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Abstract
Acidic deposition, primarily as sulfur (S) compounds in'Alberta, has been shown to

impact ecosystems alone or in combination with other stress factors including natural
disturbances. Chemical changes include decreased pH, nutrient imbalances, ieaéhing Qf base
cations,‘ and the mobilization of potentially toxic elements such as aluminum (Al). In Alberta,
regional acidic deposition to forest soils is low, relative to eastern North Ameﬁca and Europe.
Any chaﬁges to soil p_rpperties wduld be subtle and difficult to ~differen£iate from natural soil
variability. Soil acidification has been observed in localized areas near sour gas processing plants
- deposited with elemental S (S°) dust. A biomonitoring study near two sour gas procéssing plants
B in west-central Alberta was carried out between 1981 and 1991. Soil chemical propérties in
vmature lodgépole pine stands exposed to various levels of acidic depésition were evaluated with
réspect to foliar nutriénts, forest health conditions, ;md tree growth. Chemical changes as a result
of acidiﬁcatién from the deposition of largé amounts of S° were found toa deptﬁ of at least ‘401
cm. Th_cse‘ soil changes resulted in the elimination of the understory vegetation and a reduction
in tree growth. At sites receiving low levels of acidic deposiﬁon, smallbreductions in pH and
calcium (Ca) and magnesium (Mg) concenﬁ'ations of the surfaéc organic horizon were observed,
~ but it was not possible to detérmi_ne a cause and effect rclati'ons.hip between higher S deposition
and lower pH, Ca and Mg. There was no apparent gcidiﬁcation of forest soils near the two sour
gas processing plants outside of the areas dusted with S°. Critical loads for acidic deposition of
Alberta soils were estimated from the resﬁlts of this study, ihe soil sensitivity maps for Albeft_a
- and the European guidelines. Based on our current knowledge ahd acidic debvosition rates, the

potential for soil acidification in Alberta forests from acidic deposition is low..



Introdnction
' Acidic deposition may directly or indirectly result in impacts on forest vegetation
(Morrison 1984). 'l"he indireet mechanisms include s')lnergistic relationships with other stress
factors, so‘il mediated _changes in nutrient availability, and plant;medlated changes in competitive
sttess and the nllcroenvironment (Maynard and Fairbarns 1994). The indirect soil_-med_iate"d'
effects are COnsidered one -of the most important in the impact of acidic deposition on tree growth
and health (Roberts et al 1989 Cape 1993; Rodhe et al. 1995) Changes in soil chermstry most
. often assoc1ated w1th increasing soil ac1d1ty (deereasmg pH) include: mcreased leachlng of base - -
eations; increased solub'ility of aluminum (Al) to toxic levels, nutrient imbalances, and_ impacts |
-on microOrganisms (Foster 1989; Binkley et al. 1989). | |
Reglonal acidic deposmon to forest so1ls in Alberta 1S 10Vl/ relative to eastern North
America and Europe Any changes to soil properties would be subtle and drfﬁcult to d1fferent1ate
from natural soil variability. To date in Alberta, soil acidification’ as a result of a01d1c deposition
has been_lirnited to localized areas contaminated with elernental sulfur (S dnst from adjacent ;
sour gas processing plants.” - |
The overall obJectwe of this paper was to assess the potennal 1mpact of ac1dlc deposmon _
on forest soils in Alberta based on the results of a ten year (1981-1991) blomomtormg program
“in west-cenual Alberta near two sour gas processmg plants (part of a larger study, Maynard etal.
1994) Two objectives of tms study reported here are: |
i) determine changes to selected soil chemieal.properties as a result of extreme soil
acidification from S° contamination, and o |

ii) determine the potential impact of low levels of aeidicdeposition (0.25-0.50 kmol_, H*



ha' yr' on selected soil chemical properties.

The results of this study were also used to evaluate critical loads of acidic deposition for
forest soils in Alberta.

Materials and methods ‘

A éummary of the methods ﬁsed in this Study is provided. Detailéd descriptions of the:

“materials and methods are given elsewhere (Maynard et al. 1994). | |

All sités werevlocated in an arc;a 30 x 30 km with two sour gas proccssiﬁg plants at the
cgnter (Figufc 1). 'fhefe .wére 31 sites in inature, even-aged lodgepole pine (Pinus contorta
Dougl. var. latifolia Engelm.) dominated stands, 6 young lodgepole pine stands, and 3 sites in

-mature trembling aspcn (Populu; tremuloides Michx.) stands. The young pine standé and |
trembling aspen stands were established in 1991. The sites reflect the full range of S° and'sro2 |
deposition icvels in the forests arouﬁd the two sour gas processing plants (Figure 2). The relative
SO, deposition was based on the static suifétion .stations using lead dioxide cylinders maintained
by the gas.compﬁniés.,

Ten (50 x 2 m) quadrats favere set up in the mature pine-ddminated‘and maﬁire trembling ’
aspen stands. A smallér quédrat size (10 x 2 m) was used in the 6‘y_oung piﬁe stands because of
the mﬁch greater tree density relative to mature sté.nds.

- Soil chemical analyses were compared in 1981, 1985 and 1991 from the mature pine

- stands. ‘Soi.l 'samples were collepted using the same rfmthods in ali 3 sampling years. Five

rcplicateé from the surface orgariic horizon (LFH), and the top thrce mineral horizons were
sampled. Samples were collected in plastic bags and stored at -20°C if not processed

immediately. Chemical analysis followed the procedures of Kalra and Maynard (1991).



Ten replicate samples froxﬁ 1-year old lodgepole pim: needles, 1-year old white and bléék
spruce needles (Pice'a‘ glauca [Mocnch]' Voss and Picea ma_ricjna [Mill.] B.S.P.), twin-ﬂower._
-(Linriaea'l‘Jorea.lis),x é;.nd feathermoss (Pleurozium schreberi [Brid.] Mift.).. Gréen a]dér (Aln‘us
crispa [Ait.] Pursh) leaves were collected in 19‘8‘1l and 1991 only. Fol'iége samples were analyz_ed ‘
- for totél é:lgrhental éonccn-tratiéns as‘- 6ut1inéd in Maynard ét al. (19§4). -
Results and Discussion
Pollutants
‘The Ram River and Strachan sour gas .prbcéssmg >plants procésé and recover 'about'3,000 t
Sb d. Incinerator stack emissions were about 70.t Sd! m 1981, declining to. aboﬁt 56.tS d? m
» 1985 and to 25 tSd'in 1991. The highest SO, emissioris were measured during the first years
- of Qpération with the highest emission at abbi;t 120 tS (i" in 1973. The inciner;‘ltor, stacks at bot.h
plams diéperse SO, .over a Qide area. Fuézitive cmiSsioﬁs from fhe plant operatiéns and ﬂafe '
stacks con_tribute fo the overall gaseous er'rxissjoﬁs‘,g particularly near the plants. The levels of
these émis_sions, h’owevelr‘, have not been ciuantiﬁed_.
The S removed from the sour naturz;l' gas 1s reébvéred as S°. Excess S°> tha; is not
| immediately shipped is stored in blocks at the plant. Dusting of the forest near the gés plants has |
rcsulted‘from the handliﬁg of the. S° during the shipping or storage of S°. ihe amouht and
disperéion_of S° dust is a»fun;_tion of the arndﬁr;i shippa‘i., h.andling ﬁleﬂléds used, inéluding
priliing t;)we‘rs,.a'nd wcatﬁer con_di.tions. In general, the majority of S° wag déposited within 1km -
pf the plants (accﬁmuléted Se deijosition \%/aS iﬁ the tS° ha fangc), élthough S° w'as méa_suréd o

in the soil up to 3 km from the source (Mayriard etal. 1994). .



‘Soil acidification from élemental S

The mature‘ lodgepole pine sites were assigned to deposition classes based on the
sulfation data from static sﬁlfation stations and total S in the LFH (Figure 3). The high
deposition class consisted of seven sités. Of these sites, six ﬁad m¢asurable S° (> 100 mg S° kg") '
-vand elevated.S cqnce_ntrations in the LFH.

Estimatesbof S° deposition were 263 and 70 kg S h’a'l at two sites 50 and 250 m (sites 1
and 2) east of the S&aéhm sour gés processing plant ovér a 6-rﬁoﬁth period betweén Ap;il ana
October 1983 (Maynard 1990). These sites a:e unique in ﬂ)é high amount of soil acid'iﬁcationb
that has occurred, but they provide valuable i_ﬁsight into the effect of soil acidification on sdil
chemical propériies and impacts on tree gr‘bwm‘and health.

The pH of the LFH and three mineral horizons of sites 1 and 2 are given in Tabie 1. Thc
LFH of site 1, 50 m downwind of the S°block has beén_acidiﬁéd to 2.5 for at least 10 yéars (the
duration of the study). The pH‘of the LFH at site 2 initially decreased between‘ 1981 and 1985 but ‘
: incr;:ased between 1985 and 1991 almost to normal values. The mean pH of the LFH in the lqw
~ deposition sites was 5 l (Maynard et al. 1994).

The companies carry out a iiming prografn iﬁ areas heavily contaminated by S°. Liming
was excluded from these sites dﬁ_n’ng the initial ﬁve'ycars‘ éf the study; however, since 1985 these v‘
sites have bee_h included in tﬁe ;egulér liming program. Tt}é increasé in LFH pH at site 2 was the
result of lim'é application. Limiﬁg_ at the most heavily contaminated site had no effect on the LFH
pH.

The pH of the mineral horizons decreased between 1981 and 1991 (Table 1). The

decreases at site 1 were > 1 pH unit for the three horizons. At site 2, a 1 unit pH decrease was



measured only in the surface mineral horizon (Ae)). Acidification occurred first vsdthih the LFH
horizon as the S° is deposited directly to the LFH and is oxidized to SO, "I'he'acid produced B |
must the‘n be leached through the profile. Thus, there \uas a lagtime between acidiﬁcat_ion in the
LFH and mineral horizons. The degree of acidiﬁcation between sites 1 and 2 is a reflection of the
- amount of §° deposition and acld produced as a result of §° oxidation.

The decrease in pH by 1tself may not be the most 1mportant factor affectmg forest health
and the long-term product1v1ty of these sites. The solublllzatlon of Al and Mn and the |
accelerated leachmg of base catlons (calcxum (Ca), magnes1urn (Mg), and potassmm (K)) have
‘been associated with’soil acidification (Robarge and J ohnson 1992). Thes.e changes can} also
- - occur without significant changes to soil pH (J ohnson and Taylor 1989).

Extractable Al in the LFH and mineral horizons of sltes 1 and 2 are given in Table 2

._ Extractable Al at sites 1 and 2 were already higher in the LFH at the initial sampling in l98l

' cornpared to the mean extractable Al in the LFH of the low deposirion sltes (109 "mg kg‘, -
Maynard et al 1994) The Al concentratlon decreased s1gn1ﬁcantly between 1981 and 1985 but
d1d not change between 1985 and 1991. This was similar to SO4 concentratxons The mtroducnon
of mobile, mineral acid anions, such‘as SO4, to the soil solut1on will result in mcreased Al
solublhty d ohnson and ‘Taylor 1989). Thus, the hlgh level of extractable Alin the LFH in 1981
»occurred because of increased SO, and ac1d1ﬁcauon. The contmual mput of SO ‘to the LFH

| ‘-through S° ox1dat10n between 1981 and 1985 malntamed hlgh SO concentratwns (although .
lower than in 1981) and extreme acxdlc conditions. Thus, extractable Al was contmually bemg
leached from the LFH and resulted in a depletion of total Al from the LFH. Total Al decreased

from 8, 070 to 1, 750 mg kg™ at site 1 and from 7, 100 to 2, 060 mg kg at site 2 between 1981



and 1991 (Maynard et al. 1995).

Leaching of Al from the LFH resulted in increased Al in the three surface minéral
horizons (25-30 cm depth). These increa.scs in Al- coincided with decreasing pH and increasing.
SO, concentrations. Differences in the extractablé Al concentrations of the mineral horizons
between sites 1 and 2 were related to thé differences in S° depdéition.

The accelerated leaching of base cations can result in nutrient imbalances and eventually
tree decline. Results for Ca and‘Mg are confounded because these sites were limed with
dolomite (Ca and Mg carbonéte) in 1979, 1980, -and 1985. _Potaﬁsium concéntratiéns, however,
indicéte to which degree these cations are depleted .by acidification. Tétal aﬁd extractable K- ; '
concentrations in thé LFH decreased at both sites by 70-90%'. Né changes, hov?ever, were found
in the minerai horizons. | |

The ex&eme soil acidification from S° and its oxidation to SO, resulted in the depletion .
of cations and Al from the LFH. Leaching'of Ai from the LFH appeé.rs to have accumulated vin
the surfacé (top 25 cm) of the mineral horizons. In éontrast, cations leached from the LFH did
not accumulate in the surface mineral soiis. The effect of soil acidification on the vegetation has
resulted in the c'omplét_e eliminatibn of most uhdefstory species in the areas most heavily -
_contaminétéd (site 1) and the decreaﬁed abundance of species- and co_vet in areas acidified but toa
lesser degrée (site 2). The efféét on lodgepoie pine was not as .oBvious. ‘

The main impact on the lodgepole piné.has been a reduction in the annual growth
increment. There Was a greater pfopbrtfon of reéently dead trees in the heavily S‘; contaminated
sites; hqwever; there was ﬁb evidence of an increase in insect and disease activity associatéd with

the high S° sites. At an adjacent aspen site, there was a greatér proportion of declining and



recently dead trees compared to a non-S°site. The increase in effected trees was associated with
an increésed in’cidehce of stem and roof diseasés of as.pe‘n.‘There were only three aspen sites
survéyed; consequently, any conclusions should be viewed with caution.

The mést visual impact of ﬁe éxtreme soil acidiﬁcation‘_is fhe lack of understory. Two
4QQ—m parallgl transects Were. established downwind of the Strachan S° block. Understory |
vegetétioﬁ was assessed at lnm. x 1m quadrats every 20 m along the transects. Species richness
(number of .speciés) was most cloécly rélated to pH o f the top r'n.in'cral horizon (P =0.43 and 074
for the two &aﬂseéts) at'ld S concentrations in the soil (Total S nafu_ral log t:ansf_o_rmed, rr=045"
and 0.51 for the two tfanseéts). Changés in the extractable cations Vand Al of the soil were not as
- closely related to species richness. Thus, the lower soil pH as a result of S° deposition and its.
oxidation to sulfﬁric acid (HZ'SO4) was probably the most important factor m killing tﬁe
understory veget;tion. | |

‘ Potential impact of c.h_ronvivc low levels of acidic‘depoéiﬁon

'Iv'hebme.,diurn depositioﬁ ciass site§ had sulfation rates between 0.030 and 0.050 eqmg
b‘ SO; 100 cm™ d* (equivaléht to 0.30 - 0.46 kmol, H* ha™ yr')! based on thé static sulfation
stations. Soil chemical properties Wcre corhpared within sités over tirhe.“

The total S concentratxons of the LFH increased for three of thc rnedlum deposition class
sites betwcen 1981 and 1991 (T ablc 3). No changes were observcd in the other 10 medlum

| dep081tlon sites (data not shown)."Ihc total S concentrations of these s1te_s increased by 50%

' The conversion of eq mg SO3 100 cm? d™ to kmol, ha yr' assumes 1 mole of S is equlvalent to
2 moles of H". Static sulfation stations have a higher affinity for SO, and other gases than soils
and vegetation, therefore, the acidic deposmon rate calculated from the sulfatlon data is probably
overestimated. ,



between 1985 and 1991 indicéting fhe deposition and retention of considerable S. Elemental S
was measured at site 14 ana possibly site 13 (only one of five samples contained measurable S°).
There was no S°b detected at site 23. The large increases in total S (50%) were more typical of §°
deposition than gaseous S deposition. Large amounts o.f S° were shipped betv&'/een‘ 1985 and 1989
and this r'nay‘have resulted in S° beiﬂg deposited further away from the -gas p.lants.&Sublfurdioxide '
emissions from both gae plants decreaseci between 1985 and 1991 with a pafa]lel decrease in - :
sulfation rates. Thus, the higher S coneentra;ioris in the LFH of these theee ‘sites may have been
due to S° howe;/er, deposition of SO, cannot be cempletely ruled out.

Foliar S concentrations of the trees in 1981 and 1991 were similar; however, foliage |
collected iﬁ 1985, had S concentrations 20-40% lower than either 1981 or 1991. Climaiic and
moisture conditions were probably respon51b1e for the decrease inS concentratlons of the
vegetatlon in 1985 (Maynard et al. 1994) Increased S concentratlons between 1981 and 1991
were observed for feathermoss at three medmm deposition class sites (sites 3, 13, and 14). NQ
othervf'oliage sampled had higher S concentrations in- 1991 coinpared to 1981 in the medium
deposition si.tes. This is consistent with ﬂle total S coﬁcentrations in the LFH and would support
the ihypothesis that S° deposition may have been respoﬁsilele fo_r the increase in S concentrations
at these 3 sites. |

The LFH pH of the 1.3 medium deposition class sites did not decrease between 1981 and
1991 (Table 3, three sites‘)..Similarl_y,' exfractable cations of the LFH did not change vamong‘ - -.
sampling times at any of the medium deeosition class sites. | |

Exchangeable Al of the LFH in the 13 medium deposition class sites generally decreased

from 1981 to 1985 and t_heh increased in 1991 to concentration similar to vthose,measured in 1981



(Table 3). A similar decrease in exehangeable Al among years was observed in all the lew
deposition class sites. No changes wefe observed in the .mineral. herizons of these sites.

- The va and extractable S, Ca, Mg and K concentrations in the LFH by depesition class
are given in Table 4. The S concentrations of the LFH were hig'her- in the medium deposition:
class sites 'cemp'ared to the low depesition class sites. Increased S coecentrafions were probably

dueto S depQSition eitﬁcr as gaéeoﬁs SO, or particulate S°. D'ecrveasesvin pH, end Caand Mg
eoncentrations of the LFH were also observed (6-10%); .'however, it v;/as not‘ possible to
deterfniné a cause and effect relationship between higher S coﬁcentraiions in ﬁie mediure
deposition class Siteé and lower Ca and Mg concentrations. In contrast to Ca anci Mg, exu_'aetable'
K coneentratiens in the LFH of the medium depositioﬁ class sites were higher than m low
deposition sites (Ta_bie 4). 'I'nvaddition, there was no tIerid.towards decreasing pH dr-bése cation
concentrations at the'sites in the rﬁedium deposition cless in tlie 'decadeover which | |
| measurements were made. Thus, it is reasonable to cer}clede the decreasee 1n pH, Ce and Mg
were pfoﬁably not associated witﬁ the elevated S cencentratioxis bet other edaphic ‘factor.s.
| Critical load_s for soil aeidification_-
The concept of critical 103&52 _hes been used exteneiyely in Europe to assess the potential
risk of ‘soils to ‘aci(viic' deposition (Bull i991; WHO 1994). Critieal 1oeds.for a.eidic‘ depositionvean '
be estimated at three comple*ity levels._‘T.he 1east complex level is an _empi;'ical aﬁp_reach thét' .
“assigns critical loads to soils based on exi.sting' soil survey ,informatien and eurrent acidic

deposition rates. .This, approach has been used to map critical loads fo_r'Greét Britain, Ireland and |

2A quantitative estimate of an exposure to one or more pollutants below which significant
harmful effects on specified sensitive elements of the environment do not occur according to our
present knowledge (UN/ECE 1988 according to Brodin and Kuylenstierna 1992)



parts of the formér Sovie.t Union(Ké'uhéiri et al. 1992; Homuﬁg ét al. 1995). The other more
complex xﬁcthods used to estimate critical loads are steady-state mass balance models and |
dynamic integrated ﬁodels. In this paper, the critical loads f& Alberta soils will be based on the
least.complex empiriéél approach.

In Alberta soﬁ sensitjvity to acidic inputs and potential to neutraliz¢ acidic inputs were
niappcd using current soil survey infqrmation (HoloWaychuk and Fessénden 1987). Maps for
Alberta were prepared showing the distributiéﬁ of soils relative to soil sensitivity to acidic
deposition and the potentiél of the soiis‘ and geology to neutralize acidic inputs (Figure 4,
poteﬁdal to neutralize acid input adapted from Holowaychuk and Fesseﬁdgn 1987). The maps
were not the same because in some areas of the province sensitive topsoil material wcré g
. underlain by calcareous parent material ﬁ;at had a high poteﬁtial to ne;utralize acidic input
(Holowaychuk and Fessenden 1987).

A The WHO guideline for critical loads of soils m Europe recommended cri;ical loads of
0.25 kmol, H* ha™ yr for the mbst sensitive soils, 0.25-0.50 kmol, H* ha™ yr" for moderately
sensitive soils and > 0.50 kmol, H* ha™ yr"' for the least sensitive soils. Combinations of parent
maferial and texture were used in developing these guidelines (WHO 1994). Similar critical loéd_
fanges §vere used for Great Britain and recommended as interim critical loads for Alberta
(Alberta Env.iron_ment 199'0) and western Canadg (Interim Acid bepositiqn C_riﬁcal Loadings
Task Group 1996). |

The majority of the soils in our study were moder:atelysensitive to acidic input and had
medium to high potential to neutralize acidic input. The sulfation data from t;he static ,sulfaﬁion

- stations (11 years) provided an estimate of S deposition. Based on the sulfation data, the medium

10



deposition area of .our study would Have acidic deposition rat¢s betwréen 0.30 and 0.46 kmol, h‘a'i
yr' (0.035 - 0.05 éq mg SO, 100 cm? d™"). As discussed earlier, there were elevated S
corcentrations in the LFH and foliage of some understory and frée species at these sites;' |
' howev,ér", there was no décrease in -pH c.).f the LFH or mineral soils during the 10 yeafs of our |
study. There was also no widéspread forest decline within this deposition_ area. Based on>thesé
results, there were no signiﬁcmt harmful effects Qf acidic deposition on these soils ex'ccbt on
soils heaviiy contaminated by S°. . | |
Sulfur emissions have been declining in tﬁe central énd southern parts of Albcrta for the
past 10 years and .are e)ﬁcepted to continue to decline. The majority of soils héve either medium
| to high poténtial to reduce the acidity of acidic c.lepo.sition.‘ Thus, the overall risk of soil .
acidification due to acic;ic deposition would be low in most of central and souﬁlem Alberta
* The most sensitive 'soils? including organic soils, .to’ acidic .dépoSition are in ngrthern ‘
A‘lbcrta. Northeastern Albert.z‘l‘is alSo the areé of the highest S .emi‘ssions in thé province. Cheng
etal. (1995) modeled current 'depositio_'h rates of '0_.18 hnolc_ H“ .ha“l yr1 in the higheét dcposiﬁon |
areaé. If the modeled emissions are'accﬁrate, then the 'criAtivcalv load for the most sensitive :
ecosystems of <0.25 kmolé H* ha (WHO 1994) woﬁld not .be ex:céeded. _‘
Therefore, based bn oﬁr current knOwledge,» using the reshlts» of our 10 yéar study near
" two point séurées.and thé critical loéd guidelines from Europe and given the current fates‘of

acidic "de,po'sition, the potential for soil acidification from acidic deposition in Alberta is low.
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Table 1. The pH of the surface organic horizon (LFH) and mineral horizons of sites 1 and 2 in

1981, 1985 and 1991. Values are means + 95% confidence limits (n = 5).

LFH [Ae Bm IIA@
Site 1
1981 25+020 41z 062 531 0.4a 5.140.4a
. 1985 25405a 33+ 0..lb  42:00b 42+0.2b
1991 2.5+0.5a 2.8 +0.4b 3.9+0.2b 3.9+0.2b
, Si;e 2
1981 43+1.1b 47+0.7a 574052 5.4+ 03a
1985 3.9+1.3b 3.9 +0.6b 48+0.5b 15.0%0.2ab
1991 48+1.2a 3.7£03b 46+ 0.6b 48 +0.1b

'pH, for a given site and horizon, followed by the same letter do not differ significantly (p>0.05).
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Table 2. Extractable Al (1.0 M NH4C1) concentrations of the surface organlc ‘horizon (LFH) and

mmeral horizons of sites 1 and 21in 1981 1985, and 1991 Values are means * 95% conﬁdence

limits (n = 5).

Site LFH Bm HAe'
mg kg -

* Site 1 o
1981 8594493 414 125b 191 £ 95b 08 % 480'
1985 115 740 634tl66a  62043%  420%141b

1991 133 £78  181:86c 796518 667 + 264a
Site 2

B 1981 267 :t 242a 300 £229 - '»1 87 +221a - ‘80 + 6.9‘a

1985 50 + 65b 503177 373 + 3264 804502
1991 75+88b  627+180a 06179 160+ 32a

lExtractable Al, for a given site and horizon, followed by the same letter do not differ

51gmﬁcant_1y (sz.OS).
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Table 3. Total sulfur (S), elemental S (S°), pH, and extract.able.Al in the surface organic horizon

(LFH) of three medium deposition class sites in 1981, 1985, and 1991. Values are means + 95%

- confidence limits (n = 5).

pH

Extractable Al

Total S Elemental S
----------- TR S — | mg kg
Sitc‘ 13
181 " 920+ 503b B.D. 4.5 +0.3ab 208+ 63a
1985 1044+ 1746 B.D. 44030 82 + 47
1991 1666 + 104a . B.D: 50+058 127 + 98ab
Site 14 |
1981 1080 + 390b B.D. 4.6+0.3a 151 £61a
1985 1040 + 184b B. D. 4.4+03a 61+58a
1991 1500 + 288a 100 11 474068 108 + 79_a‘
Site 23
1981 12654239  B.D. 42+0.2a 203 + 722
1985 952 £ 112¢ B.D.. 42+0.2a 135 + 88b
1991 1590 :t 1728 B.D. 45%0.2a 253 + 46ab

'B. D. = below detection limit of the method. For LFH material the detection limit is 100 mg S°

kg soil.

*One of the five replicates had detectable S° in the LFH (138 mg kg™).
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Table 4. pH, extractable sulfur (S), calcium (Ca), and magnesium (Mg) of the surface organic horfzon (LFH) in 1991 by depositivon

class. Values are means + 95% confidence limits.

5.1+0.0b

Deposition Class pH ‘Extractable S Extractable Ca Extractable Mg Extractable K
mg kg™

High (7 sites) 53+0.1a 748 £ 37a 10400 £ 2672~ 501 +20c 596 + 18¢

Medium (13 sites)  48+0.0c  ~ 158+27b  5110+196c 653+14b = 848+ 13a

Low (10 sites) 145+3lc  5410£223b 716162 772%15b
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Table 5. Soil sensitivity to acidic deposition and potential to neutralize acidic inputs and the

critical loads in each class for mineral soils of Alberta.!

Soil Sensitivity to aéid Pofential to neutralize acid . Critigal load*
| dcposition-i ~ deposition’ | | kmol_ H* ha' yr’!
High .’ | Low N <025
Medium | Mc,diumb o . 025 - 0.50
Low R High B >050

'Mapping units with high sensitivity to acid inputs are not always associated with mapping units

with low potential to neutralize acidic inputs.

“Sensitivity to base loss, soil acidification and solubilization of Al from acidic inputs for Alberta

soils (HoloWaychuk and Fessenden 1 987).

3Potential of soils and geology to neutralize acidic inputs was based on soil depth, eXchangéable

bases of soil, bedrock and pareﬁt material type, and soil drainage (Holowaychuk and Fessenden

1987).

“Guideline range for critical loads of soils for Europe based on a combination of parent material

and texture of soils (WHO 1994).
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