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i ates economy and directly linked to water resources. 
Joint fact finding research Any as to the seth bce of northern lakes 
by government agencies might have dire economic consequences. 
and utilities, begun in 1981, The response to this potential problem was a 
is nearing completion. special DNR Acid Deposition Task Force to 
Results will help policy- examine all available information. It published a 
makers deal with the acid report in June, 1980 entitled A Review of Acid 
a Fi je 2 Deposition in Wisconsin: Recommendations for 

rain issue in Wisconsin. Studying and Solving the Problem. When 
During the summer of 1979, DNR conducteda _ presented to the Wisconsin Public Service Com- 

general water quality survey of 350 lakesin north mission (PSC) and a joint environmental commit- 
central Wisconsin. Findings from that survey _ tee of the State Legislature all agreed that further 
were so startling they eventually sparked a $2-mil- _ research was necessary. 

lion research program. The survey had found The legislative committee directed DNR to 
nearly half of sampled lakes to have relatively low seek research funds from Wisconsin utilities 
alkalinities of 200 microequivalents per liter through the PSC and the utilities agreed to help 
(ueq/l) or less. Alkalinity is a measurement of develop and fund the research. Subsequently, rep- 
acid neutralizing capacity. The lower the alkalin- _ resentatives from DNR, the PSC and the Wiscon- 
ity the less acid input a lake can tolerate without sin Utilities Association formed a~ Joint Acid 
undergoing undesirable changes in water quality Deposition Technical Review Committee. The 
and aquatic life. About the same time, reports joint committee developed a research plan and 
from Canada and Sweden had warned of acidrain began working on it in May of 1981. 
damage to softwater lakes with alkalinities of 200 This joint research, along with two other DNR 
ueq/l or less. Concern heightened here during the _ projects, became the Wisconsin Acid Deposition 
fall of 1979, when rainfall samples collected at | Research Program. Cooperating in the effort are 
several locations in northern Wisconsin showed DNR, the Wisconsin Utilities Association, the 
an average pH of 4.5, several times more acidic PSC, the Wisconsin Geological Survey, Univer- 
than unpolluted rain. sity of Wisconsin, University of Minnesota, US 

This preliminary information on lake suscepti- | Geological Survey, US Environmental Protection 
bility and acidic deposition generated concern Agency, the Fish and Wildlife Service and the 
because 80% of the state’s nearly 15,000 lakes are Electric Power Research Institute. Most elements 
found in 23 northern Wisconsin counties. Tour- of the program are due to be finished by the end 
ism and fishing are particularly important to their of 1984. 
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The “big picture” of acid rain includes the following Susceptibility 

sequence of events: 
1) emissions, 2) atmospheric transport, 3) chemical 
transformation, 4) deposition and 5) effects on sensitive 
ecosystems. Wisconsin’s Acid Deposition Research 
Program, and other federal research addresses each part 
of the acid deposition phenomenon. Illustration by Artist Eric Weaver 
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Acid Deposition Research Project: 
1. Deposition Monitoring 5. Emission Sources 
Objective: Characterize Method: Add three new precipitation monitors to Objective: Identify Wisconsin sources of sulfur dioxide 
rainfall and dry deposi- existing state network of eight. and nitrogen oxide, and sources in surrounding states. 
tion statewide. Method: Assemble detailed emission inventory for 

2. Deposition Data Integration and Quality Assurance Wisconsin and surrounding states. 
Objective: Establish and Method: Assemble historical precipitation data, ©, Intensive Watershed Study at Round 

eg a reliable data implement quality assurance plan for existing and East Eightmile Lakes : 

eee monitors. Objective: Determine manner and rate of response of sen- 

3. Atmospheric Trajectory Study een eae : : ae ae 
Objective: Identify origin Method: Backtrack 31 weather systems which de- ue Oe eae ie ae ee of ; Sees 
of air masses which de- posit acidic precipitation at monitors. with vegetation, soil, groundwater, and lakes in two 

liver pollutants. representative watersheds. 

4. Trajectory Quality Assurance 7. Aquatic Resources Susceptibility 

Objective: Ensure correct Method: Obtain independent review of trajectory Objectives: Determine susceptibility, water quality 
interpretation of trajec- plots. changes; predict impacts. 

tory analyses. Method: Measure water quality and biota of a large 
eens oe set of lakes,compare to historical data, intensively 
eo g : ee < ~ study two representative lakes. 

- ‘8. Artificial Acidification of Little Rock 
i & Lake 

a ae as ee Objective: Determine the response of a warmwater com- 
Pee ame ees é munity to artificial acidification. 
a & ‘ - Method: Separate two basins of the lake, acidify 
ae go : one, compare response of treated basin to control 
be ag ‘ basin. Sas 
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Most sulfur dioxide that causes acid rain comes out of 
smokestacks. They’re also blamed, along with motor 
vehicles, for nitrogen oxides. Research on emissions has 
pinpointed sources both in-state and out-of-state. 
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Wet-dry collectors gather acid fallout for analyses as part of 
the deposition project. Special sensors move the lid back 
and forth in rainy or dry weather. 
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The studies have three broad objectives: = are assessing the current alkalinity of area lakes, 
1. To measure the acidity of precipitation in qetailing lake chemistry changes in comparison 
Wisconsin. ey ._. «,.. With historical data, and predicting future re- 

2. To determine where acid rain falling in Wis-— sjonses based on evaluation of these factors. 
SORS COMES from. ae 8. Artificial acidification of Little Rock Lake— 

3. And to determine the effect of acid rainon 4 jong-term study designed to document the 
Wisconsin’s environment. aquatic effects of acidification on a small, soft 

Eight individual research projects were water seepage lake. Little Rock Lake was selected 
designed to help meet these objectives: because it is small (45 acres), poorly buffered and 

1. and 2.- Deposition monitoring and data base __ representative of an aquatic resource most sensi- 
check—A network of three sites, in Douglas, tive to acid rain. By recording changes in the lake 
Menominee and Walworth counties equipped as acid is added, researchers hope to be able to 
with daily rainfall samplers measure 17 chemical _ predict the rate and effects of acidification which ’ 
parameters related to acid rain. could occur in the future in hundreds of other soft 

3. and 4.- Atmospheric trajectory and trajec- water lakes in northern Wisconsin. 
tory quality assurance—Computerized tracking Taken together, these eight projects constitute 
of air parcels will help identify source regions of the cooperative Wisconsin Acid Deposition 
sulfur and nitrogen oxides that contribute to acid Research Program. It will tell us how acid our 
deposition in Wisconsin. The Trajectory Quality _ rain is, where the acid comes from, whether it has 
Assurance Project is an accuracy check. caused damage yet and if not, when it might. Wis- 

5. Emission sources—A comprehensive source  consin was one of the first of only a half-dozen 
list of sulfur dioxide and nitrous oxides from Wis- _ states to initiate acid rain studies. The US Inter- 
consin, surrounding states and southeastern agency Task Force on Acid Precipitation has 
Canadian provinces. It covers entire areas includ- called the Wisconsin effort an “exemplary state 
ing emission sources like highways and canals and _ program (which) reflects an integrated effort by 
specific point sources. state and private sector groups”. And now, as the 

6. An intensive watershed study at Round and __ findings come in, they enhance Wisconsin’s high 
East Eight Mile lakes—Will generate a watershed national reputation for contributions to the 
data base of terrestrial, hydrological and limno- understanding of acid rain. The main value of this 
logical components, and predict the effects of acid cooperative effort, however, will be to provide 
loadings. policy-makers with a basis upon which to make 

7. Aquatic resources susceptibility—Will deter- rational regulatory decisions. Acid rain is an issue 
mine susceptibility of northern Wisconsin lakes to that must be addressed — and this is a start. 
acid deposition damage. To do this, researchers 

What is acid rain? 
Acid precipitation — commonly But some sulfur dioxide and nitro- streams. As the chemistry of lakes and 

called “acid rain” comes from burning gen oxides emitted into the air are streams changes (pH declines) many 
fossil fuels, such as coal, gas and oil. changed chemically into acids. In this species of aquatic life disappear. And, 
Most fossil fuels contain sulfur com- process, the sulfur dioxide and nitro- because the acid droplets can travel 
pounds that react with oxygen when gen oxide gases mix and react in the hundreds of miles with the wind, they 
the fuels are burned to form sulfur presence of sunlight with substances in can affect the environment far from 
dioxide. The largest sources of sulfur the atmosphere, including oxygen, their sources — even across interna- 
dioxide are power plants and other water, ozone (smog), ammonia and_ tional boundaries. 
industries. heavy metals, which are toxic in small Uncontaminated rain is slightly 

Nitrogen is a colorless, odorless amounts. Over a period of a few hours acidic (pH 5.6). The acidity of a liq- 
gas that makes up about 80% of the to a few days, the gases are changed uid, soil or other substance is mea- 
air we breathe. But when fossil fuels through a complex chemical process, sured ona pH scale that ranges from 0 
are burned, nitrogen in the air reacts to form sulfuric and nitric acids. — very acid — to 14 — very alkaline 
with the fuels to form nitrogen oxides. These acid droplets then fall to (or basic). A value of 7 is neutral. 
Most nitrogen oxides are produced by earth with rain or with other forms of Distilled water is one of the few neu- 
the combustion of fossil fuels in the wet deposition, such as snow, hail, tral substances. The pH scale is 
engines of cars, trucks and other dew, fog or frost. This is what is gen- designed so every one-unit drop in pH 
vehicles. erally referred to as “acid rain.”’ represents a 10-fold increase in acid- 

Sulfur dioxide and nitrogen oxides However, some of the acids fall from ity. For example, pH 6 is 10 times 
both are major air pollutants that can the atmosphere as gases or particles, more acid than pH 7; pH 5 is 100 
be harmful to human lungs — particu- known as dry deposition. times more acid than pH 7. Precipita- 
larly for the very young, the elderly No longer gaseous air pollutants, tion having a pH less than 5.6 — the 
and for persons with respiratory dis- the sulfur and nitrogen in their new theoretical pH of pure rainwater — 
eases, such as asthma. Sulfur dioxide, form as acids now display a different may be referred to as “acid rain.” 
by itself or in conjunction with other set of effects upon the environment. Precipitation with a pH of 4.6 or less 
air pollutants, also can damage vege- As acids, they can change the chemis- has caused damage to sensitive lakes 
tation, buildings and structural try of precipitation, lakes and and streams in Europe and North 

materials. America. 
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Ne as PCa aie ae ee Gene ’ 

‘ eee Cee fae cm pH oe Numerical scale to describe acidity and | Seepage lake — Lake with no inlet or out- 

pe a aie eo Bh ac a alkalinity. Values are derived from the hydro- | let. It depends on surface runoff, precipitation 
s ie ee i gen ion concentration of a solution. The pH | and/or groundwater for recharge. 

2 eis ‘ Re a scale ranges from 0 to 14 — pH 1 is very acidic Stallodary Source 2 cdc on oe 
Ps oe ie eee (battery acid), pH 7 is neutral and pH 13 is einige Soue a Fixed or “point 

Acid bog lake — Normally a seepage lake | Carbonic acid (HgCO3) — A weak acid a Oe < very alkaline (lye). ee ae coal-bom: 
in a region of non-calcareous soils which has | formed in normal unpolluted rainfall by the f a . “Giese vee % ee. Pluie ceionidawnuind emicsione claud JHERROWCE DIATE ica MEANS 2 aces eee 

undergone natural, successional changes over reaction of carbon dioxide (CO9) and water : Bie H a cau a | |e from a pollution source x Susceptibility — Vulnerability or sensitivity 

several centuries. All lakes are subject to. this | (HO). It accounts for the slightly acidic é ee ee 2.4% a —_—— | of a lake or stream to acid deposition. Many 

process, but it occurs very slowly, and nor- | nature of rain, which has a normal pH of tae mee ee REBE ; Parts per million (ppm) — Ratio to | lakes in northern Wisconsin have high suscep- 

hee ee in a small, ne eee ne about 5.6. a te : c ah Pai. describe the concentration of one component | tibility to acidification because of several fac- 

(pH 4-5) having extremely low alkalinity an 7 a ar: eres ee” SERA in relation to another. It can be expressed as } tors, such as low alkalinity and/or poorly 

acid-tolerant biota (sphagnum-leather leaf- Polen a Mmere| CORSE of calcium ae es ¥ ‘ micrograms per gram (ug/g), milligrams per | buffered watersheds. Lakes with alkalinities 
ore ie fieh lati ften | Magnesium carbonate (CaCO3-MgCO3), g sg 3s a ei eas ious nee : . ; : ie 

t ck community, lish population olten game is lnestone “wiih a Walt capacity to ‘ ee ie oe ie ihe. ilogram (mg/kg) or milligrams per liter (mg/ } of 200 ueq/I or less are considered sensitive to 

includes stunted panfish and small northern | °" 5 Hy Pearce Se eae ee, siete ae 4 I). acid rain. 

pike). These types of lakes are common in neutralize acid precipitation. Fane ne rr PA eo ja Bi = Fae Tes oe ge eee 

northern Wisconsin and existed long before | Drainage lake — Lake with an inlet and f i ie oa * i soe me Se e Precambrian Shield — Extensive layer of Sulfate (SO4) — Intermediate form of sul- 

the occurrence of acid rain. Because of their } outlet that usually provide a continual supply . , | ae) se! ee i & granite bedrock that lies very close to the } fur that develops as sulfur dioxide (SO3) and 

already low pH, acid bog lakes are extremely | of buffering agents. 6 | = a 4 earth’s euutaces sometimes exposed in much of | chemically converts to sulfuric acid (HySO4q). 

“HB Susceptible’ to further acid loading, “but in: |G= a | = ie northern Wisconsin, Minnesola.and Upper. le late loading rate Moscme or ale 

these lake types it is often difficult, if not | Dry deposition — Direct deposition of : oe 3 Michigan. Granite bedrock is igneous rock | ‘deposited id To eee s 

impossible, to separate acidification due to | microscopic acid particles on land, water, ew with low permeability to water and low chem- | 1078 “epositee’ per unit afea per year that 
Pp . Di q ain: Ne Pea aat aioe acids scientists use to estimate the annual dose of 

pire aa Sieve lants and other surfaces. ] = ical capacity to neutralize acids. Lakes located a eon ens 
natural processes from acidification due to | P j Ec b j acidan area receives. I paseditn til 
tie tate recent phenomenon ofacidwain a a ee eee ‘ | =. on the Precambrian Shield are softwater lakes | 2¢!¢ 4n area receives. It 1s expressed in Kilo- 

the more recent phenomenon of acid rain. __ | Good Engineering Practice (GEP) stack 4 =— with relatively low pH and alkalinity. They } $"4™MS per hectare per year (kg/ha/yr) or 

Acid deposition — Total process by which | height — Smokestacks about 2% times taller i = : are, therefore, very sensitive to further acid | POUnds per acre per year (Ibs /A/yr ). A sul- 

acids precipitate from the atmosphere onto | than adjacent buildings; recommended to et | = loading. fate loading rate of more than 20 kg/ha/yr 

land surface, physical objects or water. minimize local air pollution. { ' aa.” tt Se ee a i eo (17.6 Ibs /A /yr) is known to damage sensi- 

Kalan cosas ee ao Fl i Precipitation event — A single precipita- | tive lakes and streams. 

Acid neutralizing capacity — | Granite — Hard igneous rock compose ; = tion occurrence. Several'individual precipitas,| acre nn ee 

Amount of alkalinity — higher alkalinity | mainly of quartz, with low permeability to Ped tion events may contribute to the total Sulfuric acid (HpSO4) — A strong acid 

means higher ANC and vise versa. water and low chemical capacity to neutralize Pee 7 : : precipitation occurring in a week. that can greatly reduce the pH of rain. It 

Ace \seding —Ousnuhenen eae. acid precipitation. se, Fr goa seca reseEn SG ceri eae results from the oxidation of sulfur dioxide 
cid loading — Quantification of acid dep- | ’ oe} esidence time — Period of time an air | (SO) pollutants in the atmosphere. 

osition from all sources, both wet and dry. | Granite bedrock — See Precambrian oe \ pollutant remains suspended in the atmos- |———_____ 

Pay ae ee | Onell: : ae phere before settling to the ground. Long resi- Tall stacks — Arbitrarily defined as smoke- 
Acid’ rain — Popularized phrase’ meaning:| —-— : ; Fae * dence times favor more acid formation from | Stacks over 180 meters tall. Many stacks over 

any rain with a pH less than 5.6 (normal rain | Kilograms per hectare (kg/ha) — Metric : ee Lee : : 300 all - ‘ 
Q is e : , - ee sulfur dioxide and nitrogen oxide. 300 meters tall were recently built to reduce 

is thought to have a pH near 5.6). ee ae per unit area; one kg/ha is : a ——__] sulfur and nitrogen oxides at ground level 

Acid rain precursors — Sulfur dioxide. Soual Od BOUNGS Renee ies aeons ee Sandstone — Sedimentary rock composed } near their emission sources. When oxides are 

nitrogen oxides and other pollutants which | Lake liming — Treating a lake with pow- : f ba : mainly of quartz and silica, with low capacity | injected higher into the atmosphere, air cur- 

are the initial air pollutants transformed into | dered lime or limestone in an attempt to neu- ie ae to neutralize acid precipitation. | rents carry them further away, 

sulfuric and nitric acids. tralize acid and raise pH. at Rou | | Scrubber — Device that uses lime or lime- | Wet deposition — Precipitate deposition of 

Acid shock — Sudden surge of low pH | Limestone — See dolomite. ‘ oe : | Hone eee eee pes dissolved acid particles in rain, snow, mist, 

water into an aquatic system. It can occur : er — : a | q A ae en deer ac dea awison (Og. ESR ede ia 

during the spring thaw when ice and snow Long-range transport — Process by which y ¥ oid a) renin smokestack. f 

By He SPEDE : ns acid rain precursors are carried in air currents : o | : i f — i , cl oe ee | el ary sampler); Device towneasure the 
that contain large amounts of acid deposition 5 ‘ eee F i q al facid st ae 

from the winter months melt in a short time long distances: Om LGM Sumas, b ad ! ) , . eee fe mere Mea 0 
: : — .-00 Oe’ Ms MS x ' bene and particu ate. 

and acid meltwater then gushes into lakes and | Microequivalents per liter (ueq/I) — | s y f a nt : see 5 RES 
streams. Acid shock can kill eggs, larvae and | Chemistry term to describe the amount of [7 j i 4 Mt Tas aed eee — oe 

adult fish by creating a sudden pH decrease. | alkalinity in lake water. The lower the alkalin- aie ae | ee a Pet f ed 

Alkalinity — A measurement of dissolved ity, the more sensitive a lake is to acid rain ‘uaa - Y : A ba q ee is é s o 
es ; : because it can neutralize less acid. ae |e : , is } Car hh . Hi Od 

carbonates in water. These dissolved carbon- | —————__-___—_————— 
Pe 9 pMBRELLA Lis. 

ates (CaCO3 or MgCO3) act to neutralize any | Mobile source — Moving source of air pol- ‘ : ; , . f Ly : ‘ ery Ai, 

acids that are added to aquatic systems. lution, such as an automobile. The Wisconsin Electric Power Company seen HE Me 

Se SOB Sst Eg eee ee ere eee VIG slant Iai Mi WAu Mees lente a as as ae Ff 

Base — Any substance with a pH greater | National Atmospheric Deposition Pro- seventh highest emitter of sulfur dioxide ies . fa 7 V4 
c H Pp P See J me ae. ce i Z 1, Be 

than 7 — often neutralizes acids. gram (NADP) — Establishes precipitation in Wisconsin and put out 40,691 tons in \ . a re 
scl ce aces ES Ata ; 1980. Photo by Dean Tvedt. a / < = , e | Sela 

Buffering capacity — Ability to neutralize | Monionina sites throuenant ihe Uni cSiate: Soe gt b, \ an 
acids. Water or soil with an alkalinity of 600 | 2 &n. elfort to document, trends tnacid ie ge ll a ‘A: Oe 
microequivalents per liter (ueq/l) provides a | S°POSMOR. Be i. “grea a a A Jy tae 

high buffering capacity; an alkalinity of 100 | Nitric acid (HNO3) — A strong acid that baton! Rs ey: 5 ‘ ee) ee 

ueq/I provides very little buffering capacity. | can greatly reduce the pH of rain. It results eae era A) 4 > 

: - : from the oxidation of nitrogen oxide pollu- EBS be be p 
Calcareous soil — Soil derived from dolo- Tantun nie trognnere e P The DNR acid rain research Wi % aah ee 

mite with high concentrations POF Calon: bree eR Gaara elton Sm EY team at Rhinelander f) BF om a ‘ 

(CaCO3) and magnesium carbonate | Normal rainfall — Rainfall with a pH near Left to right, Ron Becker, bee ef ) xf =a:4 

(MgCO3) that can neutralize acids. SG Katherine Webster, Joe Eilers, Lh Mi | 

Se Se Bob Martini, John Sullivan. a a 
: | sini ~ Be, 
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: y estas if osu | | 
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citar ous % team : 

Bo. ee SR Syren 
: 9 ae Te <g amme  N 

ee A SS a A Oe cS 
oo Sa % 

a a ry 
2 A 3 F am SS ey Pe 

\ 4 a rs os =—¥a - Ay aor RO IS 
} Ae : eee reyes a eee are pe 

5 he on ET a f _ Se Se Uae ae Sot 3% S #- Bei 
Some Say a Ee a ee ee . Me Se UH eo 

P, ome, ° ° ° It’s all acid, but the southeast is worse 

—FTecipitation MONICOFING _ tan ine norn— and that’s better than 
=m the other way around considering 

aS Se = & where most of our lakes are. 

=O ac i is You're ready to munch on a Sheboygan brat 
aS aS just cooked over your grill ona fine summer day, 

= but the sky darkens, lightning flashes and your 
» picnic is threatened with summer rain. No need to 

be too concerned, just run for cover — rain is a | : 
natural, everyday part of life. But don’t count on 

% it! This rain is different! Although it may not look 
ee ee See or feel or even taste different from the rain that 

DNR Bureau of Ai has been falling to earth since creation — it is. 
ee a ue ROUND LAKE This rain is acid! 

lanageme TROUT LAKE You might think acid rain just started to fall in 
SeoNER the past few years. But Europe first noticed it in - 

Norway around 1920. In North America the signs 
were discovered in the 1970s in Southern Ontario 
and in the Adirondacks when lakes were found to 

LEGEND LAKE be dying there, . Rg 
ai When acid rain was detected near Rhinelander 

ACID . 2 in 1979 the state geared up to find out what was 
ae, ee happening and why. DNR joined the National 

DEPOSITION Atmospheric Deposition Program (NADP) in 

! 1980 and became part of a nationwide monitoring 
MONITORS network with stations at Spooner and Trout 

5 Lake. Four more stations were started in 1981 
MONITORING NETWORKS MILWAUKEE when EPA set up a system to monitor atmos- 
NADP. National Atmospheric Deposition Program LAKE GENEVA pheric inputs to the Great Lakes. In 1982 Wiscon- 

© GLAD - Great Lakes Atmospheric Deposition Program = =e oy : ate Sian pears eee sin’s Cooperative DNR-PSC- Utility research 
(Wisconsin PSC, Wisconsin Utilities, Wisconsin ONR ) Illustration by ArtistEricWeaver © program put in three more sites and NADP 
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installed an additional one operated by Consoli- _ jgyyusypsssssepee TEs 
dated Papers, Inc. All in all there are 10 monitor- ee a al oo 
ing sites in Wisconsin at Trout Lake, Spooner, [777 ROME Pea ps 
Lake Geneva, Round Lake, Legend Lake, Lake = Ee e ah hee See 
Dubay, Green Bay, Cornucopia, Manitowoc and ay Fort al i eeas are 
Milwaukee. : ‘i == : E Ae 

An important part of the DNR-PSC-Utility A. SS ‘ 
study brings together data collected by all these . i , 2 SSS 
different monitoring networks and assesses duch a 2 ; 
compatibility. Called the Data Integration and | a |e a iene 
Quality Assurance Project, it also assesses the et a 7) ass ate ‘cea 
accuracy and precision of network data. An i) BReea Bey = a | 
expert chemist has checked sites, equipment and 4 a een gee Pa et poieee 

operators, and artificial rainfall samples of known ——— \ flees | \| ‘es 7 EEE BENE | 
chemical composition were processed through all eases ne SS $f SSS roo 
the networks to find out whether all the analysis =eeeeee) Se ee ec == 
results agreed with each other. SS ee ed ee ee 

To determine rain’s acidity and obtain reliable SSS SE ee 
data is a little more complicated than just holding ee SS Se 

a piece of litmus paper out in a storm. Acidity in This floating weather station on Lake Clara measures 
Tain is sometimes so dilute that very sensitive evaporation rates as part of a water budget survey to find 
equipment must be used to measure it accurately out where a lake’s water comes from and where it goes. 

and precisely. The equipment must be reliable and —_ Photo by Katherine Webster 
checked often to make sure its measurements are 

consistent. Techniques used to analyze precipita- : 
tion must also be of good quality and measure- Sa0ss y , ‘ 
ments between sites must be comparable with one Ria f BD 

another. § 
Acid rain monitoring sites need special wet/dry x 

rain collectors, a rain gauge and very dedicated ee { 
site operators. The wet/dry collector has-a special fF eet oe oe Ae ee a 
lid which covers the rain collection bucket when pe Nag ae ee = ee 
it’s not raining. When it rains a special sensor A} i - 
opens the wet collection bucket lid and covers the fs i > 
dry collection bucket. The rain gauge makes sure f YW” 
that the amount of rain sampled correlates with i ; i 
the amount that actually fell into the bucket. F hid 
Most important of all, of course, are the site oper- as, See fh 
ators who collect samples, perform field measure- Ph ae ei 
ments and rush samples to a large central eae 
laboratory for complete chemical analysis. } 

The concentration of acidity in rain water is | 

measured by an electrical pH meter. Special han- gags that contain deposition at Trout Lake are changed 
dling techniques assure that the water is not con- _ every 30 days and sent for analysis. Here Lisa Huberty and 
taminated. Readings are taken first in the field Nan Eckert of DNR’s acid rain research team make the 
and then in the laboratory to be certain no — SWitch. Photo by Katherine Webster 
changes have occurred during shipment and 
handling. 

All the major components of rainfall in addi- (ere aeGbiais tree PREM TTL AG Ve 
tion to acidity are measured: sulfate, nitrate, Ro sasat tee Se 
ammonium, calcium, magnesium, potassium, ee ae ee 
sodium, chloride and phosphate. In addition, 5 5 1ar ashe aOR eco ET OS CP 
some minor components are also measured and 3 
other tests performed which may help determine SERED A CL NOPE Aa ERA 
sources of acidity. z a SS 

The acidity of rain can vary greatly from storm 2 1 
to storm and even within a storm. The most acid a 
pH recorded in Wisconsin was 3.35 at Lake = 
Geneva on August 8, 1982. The least was 7.16 at aa 
Spooner on October 7, 1980. 2 

To reliably determine average acidity of rain a 
for a given region, data on many rainfall events is : 

needed. This can also help reveal trends. - “ ae ak 
Researchers have found that acidity is greatest MME LAKE GENEVA MN LAKE DUBAY MME TROUT LAKE 

when the rain first starts and that light rain of precipitation is most acidic at the Lake Geneva monitor and least acidic at the Trout Lake 
short duration has higher acidity than long, — monitor. iiustration by Artist Eric Weaver 
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drawn out periods of rain. Because data has been Provinces of Canada. Our rain is not quite as 
collected only since 1980, there’s no reliable fix on acidic as the rain in Scandinavia, northern 
upward or downward trends. However, we do Europe, the Adirondacks or southeastern Ontario 

any \v know how the acidity of rain varies spatially where the average pH is below 4.4. However, sul- Bs fe 

YY \ pope Rea across Wisconsin. It is most acid in the southeast fate loading here is comparable to other areas of "4 ce ir * Mm = n t [ 
\\ an oy and least acid in the northwest with various gra- the world being hard hit by acid deposition. we 

. dations in between. eis : As mentioned earlier, where sulfate deposition PR woe. 

The pH at Lake Geneva where acidity is high- is above 20 kg/ha/yr, sensitive lakes and streams WE a = = 

XK Soq 20 Ka/Ha/Yr. est averages 4.4. Sulfate loadings there average have been acidified. While southeast Wisconsin is 
hap 24.67 kilograms per hectare per year (kg/ha/yr). receiving greater than this amount, luckily the aCil i ica iO n 

Loadings of over 20 kg/ha/yr have been known to most sensitive aquatic resources aren’t found 

Ny damage aquatic ecosystems. The nitrate loading is there. Lakes and streams in the southeast have 

/ \ 16.04 kg/ha/yr. The Milwaukee metropolitan area sufficient soil and water buffering capacity f A ot i ee H 
\Y_504 25 Ka/Harvr. receives rain with a similar pH and slightly higher because of limestone to neutralize the acid rain. 

\ \ annual loadings. While the rest of the state gets slightly less than oO q & oc 

\ \ A little further north, at the Lake Dubay moni- the critical 20 kg/ha/yr, one can’t conclude that 

So, 25 Kg/Ha/Yr. tor operated by Consolidated Papers, Inc., the pH they're home free. At many Wisconsin monitor- a wert 
‘| 4.4 pH averages 4.6, the sulfate loading is 17 kg/ha/yr ing stations measurements today are higher than See 1h a) eh A 

Ly and nitrate loading 10.05 kg/ha/yr. Relatively 15 kg/ha/yr. We don’t know what effect this dose \ ee eats : 

\ \ close by is Legend Lake (near Shawano) where has in Wisconsin, but in Scandinavia and Canada, Bo riot Ee, 

; \ t pH is more acidic. There it averages 4.4, with a researchers have found that sensitive lakes (those Bp recs MYS 

Bete tee sulfate deposition of 21.3 kg/ha i with zero alkalinity) have been damaged with | 4 N \ \ sulfate deposition o: g/ha/yr and nitrate of ze) 1 y) g Little Rock Lake: r 

\ \\ YY 1a kg/ha/yr. In Green Bay the rainfall acidity deposition loadings of that amount. The exact ACID RAM RESEARCH PROJECT 

NA) and sulfate loadings are higher than at Legend effects of high loadings on human health, vegeta- WiGteeuce onal RESTRICTED AREA 

Lake. tion and building materials are being studied by an NO FISHING, BOATING, 

ACID Se ee Rain at the cooperative project’s three the federal government and results are expected GARRISON, Wisconsin Department of ee 

monitors up north is just about equal in acidity. soon. i : i : é Natural Resources ‘os  pARTICIPARTS [29 

Southeastern Wisconsin gets the most acidic deposition (dark portion of map -pH 4.4). Trout Lake, Spooner and Round Lake show an DNR will continue to monitor Wisconsin’s if. ~ usta fa 

The least is in northwestern Wisconsin (light portion of map -pH 4.7). average pH of 4.6 to 4.8 while sulfate deposition precipitation to determine whether acidity is What will happen if Wisconsin WAR 

Annual sulfate (SO,)deposition is shown in kilograms per hectare per year (kg/ha/yr). ranges from 14.59 to 15.89 kg/ha/yr. Nitrates run increasing or decreasing. In the future we look lakes continue to be dosed ys 
Sensitive resources are considered at risk when the annual sulfate dose approaches 20 from 9.72 to 12.07 kg/ha/yr. forward to enjoying that Sheboygan brat in fair or B 3 i rh Te UME 

kg/ha/yr. ilustration by Artist Eric Weaver “THe agidl rath hens rein en TeTFOR Wii “on Es eet ith foe wheth with acid rain? Investigators Set uses 
or Wisconsin are rainy weather without concern for whether or not ar) i : Ny 

similar to those found in the southeastern and the rain is acid. will find out by adding acid to 

5 aL So eee ee ar ae DNR’s first acid rain monitor was installed at Rhinelander in ei she ed ae 

iS t 1979 with borrowed equipment. Photo by Ron Becker ying p' : PRES SERS 

aed \ ap Gazing out from shore onto the 45 acres of Little Rock Lake, one can’t 

3 38 rt fe te help but marvel at the raw and simple beauty of this sparking jewel. Its 

ig ‘ “A oie es Bs gin-clear water reveals the bottom, often to depths of 10 feet or more. Here 

Reread Pe \er 9 least and there near shore a huge granite boulder protrudes from the surface. 
2 25 row pnwet 3 

g The only development is a beaver lodge on the northwest shore, the only 

ale VY \ PaO summer guests a pair of loons. On sunny days, minnows flit about in the 
§ 15 a f ' INS ag warm shallows. Come evening, largemouth bass break the surface, gather- 

ae - i . te ing the day’s groceries. This peaceful setting is typical of several thousand 

ws 2 Es y 5 y a small, soft water lakes in northern Wisconsin, Michigan and Minnesota. 

ore eth bk ee Peer, Jit Pee x Abruptly this summer, the tranquillity at Little Rock Lake ended — so 

° 1980 1981 1982 1983 ‘ r that the tranquillity of thousands of other lakes might be preserved. 

MM trout ake MM Lake Geneva LAKE DUBAY \ The State of Wisconsin has begun a long-term cooperative study 

QUARTERLY NITRATE LOADING AT THREE , ) < designed to document the aquatic effects of artificial acidification on a 

MONITORING SITES IN WISCONSIN ; “ ' \ , small, soft water seepage lake. Participants include the US Environmental 

tMustration by Arist Erie Weaver ! acs (EE Fa Z Protection Agency (EPA), DNR, UW-Madison, UW-Superior, the Uni- 

8 ise aah en Pay | i | : - versity of Minnesota, the University of Minnesota-Duluth and the US 

Fe ; a FT J - \ es Geological Survey. Special legislation was recently enacted to authorize 

ay ie is : Sa 7. 4 | ages cm ye the project. 

i" » at § | a hi (a ni fr Little Rock, located seven miles north of Woodruff in Vilas County has 

25 acetal an < : i | Lg ' ce gf ee : a Hk been selected for study because it is small (45 acres), poorly buffered (only 

eae =a 1 ‘ { ‘h F bi , ae i sha, i — hd Vik one milligram per liter of alkalinity), and representative of the state’s 

ay eee f SE ac ad aquatic resources considered most sensitive to acid rain. The lake’s two 

Sa =i oN eee as | basins are approximately equal in size and connected by a narrows. The 

5) seis eset] Sa \ eae ee 4 surrounding watershed is entirely state-owned with no development and 

3 ; ee. Cy 1 4 ; little public use. 
jae SS NSS oe oy or gk si ; The experiment will proceed in four phases. During Phase One which is 

rr = ; Oo hah ie already complete, extensive background information on the lake’s current 

os eas pa haas ‘ be g A Bren: ee a condition has been gathered. Researchers conducted detailed inventories 

QUARTERLY SULFATE LOADING AT THREE oe ce ee oy a of forest vegetation, lake water chemistry, lake biota and groundwater 

MONITORING SITES IN WISCONSIN. ime a oO [. Be characteristics. This baseline data will be used for future comparisons. 
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During Phase Two, from the summer of 1984 over a period of three to four years (1985-88). 
until the spring of 1985, a dacron-fiber reinforced Specifically, changes in species diversity and 
plastic barrier, sometimes called a “sea curtain,” abundance will be recorded for phytoplankton, 
will be in place at the narrows between the two zooplankton, benthic invertebrates, macrophytes 
lobes of the lake, dividing it into two separate and fish. The Little Rock Lake project will focus 
basins. Further background sampling will charac- on understanding the changes in lake biota caused 
terize any differences between the two basins _ by acidification and will also compress the long- 
caused by the barrier. A scenario of responses to term process of manmade acidification into a 
be expected during the next phase willbe formu- period of about four years. Project investigators 
lated to test researchers’ ability to predict acidifi- believe we cannot wait for several decades to test 
cation effects. lakes in the Midwest to see how they will respond 

During Phase Three (July 1985) of the project, to acid rain. If we found that the lakes turned acid 
acid treatment will begin. One half of the lake will at the end of 10 to 50 years, it would be too late to 
be gradually acidified with an artificial mixture of do anything. We must determine, before it hap- 
acids that would be similar to, but stronger, than _ pens, how our lakes are likely to respond. 
those which currently are found in Wisconsin’s Restoration will take place in Phase Four after 
precipitation. The other half of the lake will be left the acidification stage is complete. The lake will 
undisturbed to serve as a “control or reference’ be monitored to see whether pH is naturally 
for drawing comparisons between the acidified restored or whether artificial neutralization (lim- 
basin and the untreated one. ing) is required. This portion of the project has 

Researchers will closely observe changes in the important management implications. Once the 
treated basin’s aquatic life as the pH is gradually _ pH of the basin is returned to pretreatment condi- 
lowered from the current level of 6.0 to about 4.5 tion, the barrier will be removed. Aquatic life 

ars ° ats » from the untreated, control basin will be allowed 
° _____ to repopulate the other half of the lake, which will 
ee r= a2), restore the entire lake to its original condition. 

i ee Scientists working on the acidification project 
oe a y will be able to document the effects of adding a 
i, ™ — known amount of acid to a lake which is repre- 

ee ee * se ' sentative of our most sensitive resources. This will 
= Of ese ee 7 ™ clearly establish a link between cause and effect, 

: TY ES Lot meni) en something that has been difficult to accomplish in 
= Vom ds eS 27S ly ae Sede past surveys of lakes exhibiting a pH gradient. 
S et a Pee ye. YS The project will provide information previ- 
oa . = Ree Sf =) a ay % ously unavailable about acid rain’s effects on 
Spe ss Se ij a i Fd a lakes with groundwater inflow. Canadian studies 

a > SS a 5 a =, Base 4 (have addressed only bedrock basin lakes with dif- 
8 SS aes : Vf, p ferent pH buffering capacities. Thus, comparisons 
Ea Seo ee oral i a 7 2%  o Wisconsin glacial-till conditions are not 
—a Sas en . Vy od possible. ; 

6 SN Se a x a Vive The total amount of acid required to produce 

Se SN => >», a = “acidification” in Little Rock Lake can be used to 
+ Se See a i a ta estimate the time frame in which our lakes are ee Se ~ y a g % ae 
Ret ee P = w (me likely to be affected. This can be done by dividing 
OS 2a Sa ii & the total dose experimentally added, by the cur- 
a eee gS | Rae rent annual dose now being received by Wiscon- 

ae Sy cS 3 sin lakes. 
= SS = = For the first time, scientists will be able to 
eee So —— ; = determine the response of a non-trout, warm 

Soo eee SS Sas Lf ss water fish community to acidification. 
ao ee = oS The observed effects on Little Rock Lake will 
wee EN ~ . . 

Pee ae Aes aS ane s be used as early warning signs and related to 
Se aes fargo < potential acid precipitation impacts on hundreds 
SS eo a | = a ZA s of other acid-sensitive lakes in the Upper Mid- 

& —S— Se > f SS q : west. The research project will give Wisconsin a 
= SS at fe unique opportunity to make a major contribution 
ey oe — —s to science and society. The project will bring to 
Git oe: ee ieee Ce) Wisconsin about $1.2-million in federal funds 
es NS ee 2s from the National Acid Precipitation Assessment 

oe we > | Program over the next five years. 
y NIN. Fa A similar project is underway in western Onta- 
= i : = rio, but in a very different geological and biologi- 

The rate at which mercury is taken into fish will be studied cal setting. The lake being acidified in Canada is 
at Little Rock Lake with these plexiglass plates, called not bi-lobed and no barrier is being used, so there 
Stokes Samplers. Algae which colonize the plates are a 6“ ” . : . 
analyzed for mercury which correlates with amounts in pSHEO. control” basin. The whole lake is being 
certain species of fish. Photo by Joe Eilers acidified. Furthermore, the lake has a granite 
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Installing the barrier at Little Rock Lake. One side will be 5 am EN er a if 
gradually acidified and the other left intact as a control. Eo rf en ge eee i i 
Watching the effects on aquatic life will reveal the early : } a ] 
warning signs of acidification. Photo by Dave Kunelius s , i 
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An infra-red photo of the double-lobed lake helps identify pn 7 | Sage iy 

vegetation on shore. Photo by Joe Eilers z : if 
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Acid will be added to each compartment of these aaa aa 2 
“limno-corrals” to determine how different amounts affect 
the biota. Photo by Dave Kunelius. pais 
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Si rr : a basin and a cold water fish population, primarily 
: Pa Sate cy ; a lake trout-dace minnow community. Wisconsin 

le : i lakes are much different in hydrology and are 
c warm water and cool water fish communities 

composed primarily of walleye, bass, northern 
pike, musky, yellow perch and other panfish. 
Information is needed on how Wisconsin fish 
populations respond to acidification. 

Canadian scientists have been very supportive 
Sie eee ss of our study and have worked closely with us in its 

° ae so Pag ees >] design. The Canadians are especially interested in 

ae {sii re as ae wre — comparing their observations in a granite bedrock 
fae Bee See eee eames cold water lake to Wisconsin’s warm water, gla- 
te eee eee ee eee eM cial-till lake. 
peo Rem ee Toe Se Olt oe A few landowners in the vicinity have voiced 
ee ees § concern about acids getting into the groundwater 

= a « = sand then moving into other lakes and wells. If 
a Li A yamine >] acid were to start moving out of Little Rock Lake 

Ee = ae <n ay as a . iting, and into the groundwater, the acid would be neu- 
LE men eee atten, a : can tralized quickly as it moves through the soil. Pre- 
Peete mote : eg jo treatment hydrology experiments show that 

ee — i groundwater movement away from Little Rock 
a A I cl a eee Lake is relatively slow, only a few feet per day, so 
rez Bee Co ag ep —6 hl US = eee § there is ample time for neutralization of acid as 
ee a ee? Pm ass ae owe the groundwater moves through the soil, and vir- 
" Reeth OR ae as eee, Soe ee tually no way the groundwater or other lakes in 
ia ie ae sayy agian se Magee § the arca could be affected. Additionally, the 35 

‘ HAHN Ryn anu Ae GOS NEAR LTO Ma OMRON aly CU groundwater monitoring wells installed around 
hi vax ae PUT ARAMA aig ay My Naat Little Rock Lake will allow regular monitoring of 
CNG OR a eee eee § § the groundwater seeping from the lake. 
AARC SW aa Gf SOR tc aR It is natural that a plan to add acid to a pristine 

wy ht pritinh Oe ee OA TE res VEO northern Wisconsin lake would cause a negative 
Peek hao wy PPM nas Chik ge a GeRoeSeMem —reaction when one first hears about the idea. But 

ee a eee upon further and careful evaluation, most people 
ee Rena aerce that the scientific and social benefits greatly 

Nees SOR Os A Rl tp ACE es ahaa 4 outweigh any drawbacks. 
WY, MSF US USR at ie ARAL CREA So, with a deep sense of responsibility, a rever- 

ie SEH ARUT e ¥ A NEE ence for our precious natural resources and a firm 
< a) ONSET BONY , : eee § commitment to protect these resources for future 
Bh Bee A A me ay generations, we are proceeding with the research. 

ae AS ; ; Pe a Ys eee = And hopefully our findings will insure that our 
: a a ‘ y Ne) bie fe children and grandchildren will also be able to 
rA‘y, SWAY S H See = gaze out from shore onto a small, crystal-clear 

About 40 laundry baskets were floated on the lake to collect ee a morthem Wisconsin andimanvellatits ray 
leaves and other material that falls into the water for and simple beauty. 
analysis. Photo by Katherine Webster 
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“Everyone knows acid rain can kill lakes,” said Representative Jim “== : —w 
Holperin (D-Eagle River), “‘but we have very few hard facts about how long it bi 
takes, which organisms are affected first, and whether our lakes could ever B 
fully recover from acid damage. The proposed study will help tell us all of these y 
things. The public will be kept well informed of study findings, and public tours ; 
of the study site can be arranged by calling DNR.” : 

‘ 
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=OX and NOX 
in Wisconsin 
Natural or manmade: 

What are the sources of sulfur dioxide and nitrogen oxides in the air over Wis- ERIC MOSHER, 

consin? Are they natural or manmade? Where are they located and how much ONR Air Quality 
sulfur dioxide and nitrogen oxides are emitted from them? The acid deposition Planner 
emission source inventory is designed to answer these questions. z 

The purpose of the project described here is to 
identify and characterize sulfur dioxide (SOX) 
and nitrogen oxide (NOX) emission sources 
which may contribute to acid deposition in Wis- 
consin and to quantify their emissions. Sulfur 
dioxide and nitrogen oxides were chosen because E ' 
these chemicals react in the atmosphere to form a 7 7 
sulfuric and nitric acids. The project took a com- ae i is 
prehensive look at 1980 emissions in Wisconsin ea a i 
from all types of manmade and natural sources. ke ! ie 
In addition, manmade emissions were estimated ea | oe 
for a large area surrounding Wisconsin. The Fa a ' te 
project was conducted by DNR’s Bureau of Air Lay, eo OG ZR et ed 

Management. > oli sae : 
Are Wisconsin emissions of SOX and NOX ms al WS " orm 

natural or manmade? Precise data on natural pegs Ta | i om oO a | 
sources are not available due to a lack of scientific * ae wae |)lU” CU ! 
research. However, best current estimates indicate Ge, Ee aD sas 
natural sources give off relatively small amounts. Re ok a eee 

Natural sulfur compounds come from volcanic > JURY N fee il tie 
activity and related geothermal phenomena, sea 564) | Same Wl A g i 

oe g : ; 5 cae a } ae : ie je 
spray and bacteria in soils. Soil bacteria, Wiscon- a i se ye RE, Po ike, erred 
sin’s only natural producers do not give off sulfur ae pak Fa Pine le we 
dioxide, but do emit organic sulfur compounds SS oer aie os 
like hydrogen sulfide and carbon disulfide. Some  RRMMMPe emmSIES Re meet eg ees tie ene ae 
of these are oxidized in the atmosphere to form <n oe a eg 
sulfur dioxide and sulfates. Estimates are that goa ae GR Farias Bio 8 
anywhere from 5,000 to 25,000 tons of natural FEtcqa | eemeaie se cemga pai ge 
sulfur are emitted each year in Wisconsin. If all of celle Aa SES eae g Fae 
it became sulfur dioxide, the amount from natural exeeeeiest y uee le POs ges : tg 
sources might be anywhere from 10,000 to 50,000 "SNES aa LED Fe eae a 
tons of SOX each year. The 50,000 tons would be sap a ee 4 he TENS ne 
only about 7% of the approximately 706,000 tons 5 mee oo py’ Phe Pe ONE ES 
emitted by manmade sources in Wisconsin in | —Stiug  » ~ eee LE olf ot ry here 

1980. be Sen, TE Mag EO OE UN 

Lightning and soil bacteria are the only two | oh Fe ame hes. NGF GC eat tN oie 
natural sources of nitrogen oxides in the state. td Vek | Ne A aN SAN 

Electric utilities accounted for 70% (518,000 tons) of \ we NL Wee al jean ANI 
Wisconsin’s sulfur dioxide emissions in 1980. They also wy ‘ ORAM EV \ 74) NN SV ee 
release large quantities of nitrogen oxides. This is the ea i BRAIN al \WOAIN SS z 
biggest emitter in the state — the Wisconsin Electric Power x Ne y : WN} Qik Vd Sa \ 
Company's Oak Creek plant which sent 119,340 tons of LAN ae at dl S ° ) aL SEA NCA : 
sulfur dioxide and 23,028 tons of nitrogen oxides into the NN ave y . SONY | S CNN 

air. UDKQU VAL BRR as : . 
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Estimates are that soil bacteria may emitas much 5% by weight), distillate oils contain less (.3 to 

as 30,000 tons, and lightning another 5,000. These .5%) , while gasoline and natural gas contain 
are rough estimates. The 35,000 tons would be _ practically no sulfur. SOX is produced only when 
about 8% of Wisconsin’s total 1980 manmade fuel containing sulfur is burned. 
NOX emissions of 447,000 tons. Nitrogen oxides, on the other hand, are pro- 

Air quality investigators classify manmade pol- duced when atmospheric nitrogen (and some fuel 
lutant sources into three broad categories: point nitrogen) combines with atmospheric oxygen to 
sources, line sources and area ‘sources. Point form NOX. Thus, nitrogen oxides are produced 
sources are smokestacks or other individual vents when any fuel is burned, whether refined or 

at industrial facilities. Line sources are motor unrefined. 
vehicles operating on roadways. Area sources are The major SOX source in Wisconsin is coal 
small ones that are too difficult to be surveyed _ burning in large electric utility and industrial boil- 
individually. Emissions from area sources are ers. This source alone accounted for some 80% 
reported collectively for geographic areas such as _ (607,000 tons) of the approximately 756,000 tons 
cities, counties or states and include such thingsas _ of sulfur dioxide emitted in Wisconsin in 1980. All 
residential heating, lawn mowing and __ other sources are minor contributors. 
snowmobiles. Most of the sulfur dioxide from coal burning is 

Manmade SOX and NOX are produced pri- produced by electric utility generating stations. 
marily by fuel burning. Sulfur dioxide is also pro- | These power plants emitted 70% (518,000 tons) of 
duced as a byproduct of certain industrial all 1980 sulfur dioxide in Wisconsin. Paper mill 
processes. In Wisconsin, process SO) emissions _ boilers produced an additional 10% (80,000 tons) 
are primarily from pulp and paper mills. and other industrial facilities contributed another 

SOX is produced when fuel containing sulfuris 2 to 3%. Pulping and related processes at paper 
burned, thus causing the sulfur in the fuel tocom- mills were responsible for only about 3% (22,000 
bine with atmospheric oxygen to form SO9. Since tons) in 1980. 
sulfur is removed during the refining process, it is Motor vehicles put out very small amounts of 
found in relatively unrefined fuels. Coal and — sulfur dioxide ---only 1% (8,000 tons) of total 

residual oils contain quite large amounts (.5 to 1980 emissions. Area sources accounted for 3% 

Ses eas id nemnmmeenessmms §—(22,(00 tons). 
Se ere ei seine: Most SOX emissions in Wisconsin come from 
sae en ee =e small number of electric utility and industrial 
SNe Se facilities. In 1980, 43 of them emitted 87% 

es i a B= (656,000 tons) of all sulfur dioxide produced in 
=e aga wy i eee §= Wisconsin. The 43 include 18 electric utility gener- 

Se % e = ae se ating stations, 20 paper mills and five miscellane- 

7 —— 2 wi ea ous plants. These are the only Wisconsin facilities 

— Sy Ss Ss BF Fs which emitted more than 1,000 tons each in 1980. 
SS SS - ee Se ee Although responsible for most emissions, they 

ae ~~ arn See oe . en represent only 8% of the 530 facilities which put 
| a 2 Sw out sulfur dioxide in Wisconsin r Z — FR Pe a Ns aid . 

~~ Se a aw ec Most SOX in Wisconsin comes from a few 
rs caer <= Aa er La ae gs sare . — ——— . Bie facilities concentrated in relatively small areas. 

= ee ee fe Paper mills are clustered along the upper Wiscon- 
nSpeRE r 73 aS sin River and the lower Fox River. Many electric 

Motor vehicles are a major source of nitrogen oxide generating stations are located along Lake Michi- 

eens: gan and the Mississippi River. 
The picture is quite different for manmade 

‘ nitrogen oxides. In this case there are two major 
: sources, not one — coal burning by electric utili- 

: : | ties and paper mills and gasoline and diesel fuel in 
ae A ee ests ©. motor vehicles: In 1980 these two accounted for 

ieee atte oes = Fe a on _ 7) about 173,000 tons of NOX each ,or combined, 
ae Oe ah meee el : > | about 72% of the total of 484,000 tons. Area 
Sek ee re a a at sources contributed another 74,000 tons (15%). 
ere an peas ie ee ir gi aad =f Ss ; 

lili ‘Souls ae ed = «= COther sources were minor contributors. 
Sk = Jee As with SOX, most NOX produced by coal 

E pari me age 2 burning in Wisconsin is emitted by a small 

= > i a . 4 number of industrial facilities. In 1980 only 24 
os Pr a> cs aaa ye 3) plants emitted more than 1,000 tons each of nitro- 

2 » eas pi eee os" : gen oxides. These 24 produced nearly 90% of the 
a. 7 = a nitrogen oxides emitted from the 820 industrial 

cas and commercial sources in Wisconsin. The 24 
ESS a eset Oooo) of wisconsin S include 15 electric generating stations and nine 

He arr err paper mils, These same sourees also emitted most 
the mill at Mosinee where the study found 2,644 tons of of Wisconsin’s SOX in 1980. 
sulfur dioxide released in 1980. 
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The geographic distribution of SOX and NOX Top 20 Sulfur Dioxide Emitting States 
emissions in Wisconsin are similar. They tend to ae 
be concentrated in urban areas (motor vehicle peeOF : , Sulfur Dioxide traffic) and in areas where electric generating sta- Emissions 
tions or paper mills are located. Rank State (1000's of tons) 

To summarize, the majority of sulfur dioxide SE NIE ara eagrnnn gD or oh. anaes al 
and nitrogen oxide emissions in Wisconsin are A Penneytvania oe 
produced by fuel burning. SOX emissions come a mae Ae 
primarily from coal burning in electric utility and A an q aes 
industrial boilers. NOX is produced primarily by é ricer Hae 
use of gasoline and diesel fuel in motor vehicles é reves aoe 
and coal in electric utility and industrial boilers. . kentucky Hate 
All other sources, including natural ones produce f Florida Anon 
only minor amounts of SOX and NOX in aa i 

ae i 9 West Virginia 1,086 

Wisconsin. 10 Tennessee 1,074 

Sources outside Wisconsin 11 New York 942 
Since acid rain falls on Wisconsin from sources 12 Michigan “ 

outside as well as inside Wisconsin, the study also 13 Arizona pee 
took a look at other states. Emissions from a large 14 Georgia a 
area including the eastern two-thirds of the conti- 15 Alabama ok 
nental US and a large portion of Canada were 16 Wisconsin 63 
inventoried. A grid system consisting of 80 by 80 7 North Carolina £01 
kilometer squares was constructed to cover the 18 California ee 
area. The SOX and NOX emissions were deter- 19 Virginia eee 
mined for each grid square. Data were obtained 20 ue Massachusettes ee Se 
from the US Environmental Protection Agency, Total 21,801 
the Canadian federal government, the Electric U.S. Total 26,501 
Power Research Institute and from various states. Pm ee ee Cl ee ee ee eo 
Only manmade sources were included. Source: U.S./Canada Transboundary Air Pollution Study, Work Group 3B. 

Fuel burning for heat in homes and businesses releases nitrogen oxides. 

eee ia , oe 

ie. ae See eI if 

fees - eee 

= Be oie vas ae sapere ia: 2 aS eee 

| Pes mal 
ES he ee 

, ae p he a eee 
3 Ne . 
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es Filled 
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How do Wisconsin’s sulfur dioxide emissions 
WISCONSIN SOURCES OF NITROGEN compare with emissions from other states? 

According to data compiled for 1980 as part of 
OXIDES AND SULFUR DIOXIDE the cooperative acid rain study between the US 

- - - - and Canada, Wisconsin ranked 16th in the US in 
wisconsin ae ae eT ee SEO oS total manmade sulfur dioxide emissions. Accord- 
pore Ses bee = ing to that data, 636,000 tons* of sulfur dioxide 

were emitted by Wisconsin from manmade 
sources in 1980. That compares with 2,640,000 
tons emitted in Ohio (ranked #1) and 6,800 tons 
emitted in Vermont (#50). Minnesota’s sulfur 
dioxide emissions (260,000 tons) were less than 

Motor Vehicles (173000) half of Wisconsin’s, while emissions in Illinois 
(1,467,500 tons) were more than twice the emis- 
sions in Wisconsin. About 905,000 tons came 
from Michigan. 

The gridded emission inventories developed as 
part of the project will be used in conjunction with 
the meteorological trajectory study in an effort to 

i determine potential source regions of acid deposi- 
; Coal Bi 607,000: . é Z : es ‘ z 

Coal Burning (171,500) ga ans ; tion in Wisconsin. The trajectory study is dis- 
cussed in another article. Together, these two 

Natural Sources (50000) studies should give a better idea of the sources of 
Area Sources (73500) the acid falling on Wisconsin. 

Other Fuels (26000) 

Natural Sources (37,000) Industrial Processes (23000) cooperative study differs from the number reported by the 
Area Sources (22500) Wisconsin study because the two used different data and 

Small Point Sources (23500) Small Point Sources (19500) methods to estimate emissions. 
Other Boiler Fuels (5000) iia ae Se ee 

Motor Vehicles (8,000) 

Coal burning and motor vehicles are the major sources of pollutants (NO, and SO,) which 
Cause acid rain. !llustration by Artist Eric Weaver 

ag") 1980 EMISSIONS BY COUNTY pial So 

» 

oe ; : 9 F, Si p OY » & aie a i 
= | ft a i r 

aie ) : i | 
Emissions in tons/year — ( , i | 4 

es ) i (. Emissions in tons/year Vy 5 as. 
>10,000 = a 

HB | 000-10,000 a =i ie r ea >10,000 , \ 

TB i001,000 , » HB 000-10,000 so 
\ ” 

mse |. a BB coon : 
SULFUR NITROGEN 
DIOXIDE OXIDES 

Illustration by Artist Eric Weaver 
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Wisconsin Point Source Facilities Which 
Emitted Over 1000 Tons Of Sulfur Dioxide 
and/or Nitrogen Oxides in 1980 

NO, so, 
Emissions Emissions 

Rank Facility Name Location (Tons) (Tons) 

1 WEPCo Oak Creek Oak Creek 23,028 119,340 23 WEPCo Pleasant Prairie | Kenosha 5,235 5,307 
2 WP&L Edgewater Sheboygan 28,730 58,474 24 Weyerhaeuser Company Rothschild — 4,679 
3 Dairyland Power Genoa 8,240 46,364 25 Dairyland Power Cassville = 4,661 
4 WPSC Pulliam Green Bay 7,181 45,828 Stoneman Station 
5 WP&L Columbia Portage 25,987 41,869 26 Wausau Paper Mills Brokaw — 3,618 

6 . WEPCo Port Washington — Port Washington 6,152 41,211 27 Niagara of Wisconsin Niagara — 3,472 
7 WEPCo Valley Plant Milwaukee 7,003 40,691 28 Bay Front Generating Sta. Ashland 2,190 2,988 

8 WP&L Nelson Dewey Cassville 15,186 31,475 29 University of Wisconsin = Madison = 2,690 
9 Dairyland Power Alma 10,754 29,100 30 Consolidated Papers, Inc. Appleton _ 2,651 

10 Proctor & Gamble Fox Green Bay 2,042 24,032 +31 ‘Mosinee Paper Company Mosinee a cA! 
River Mill 32. Menasha Corporation Menasha — 2,366 

11 WPSC Weston Plant Weston 2,965 22,599 33 WP&L Blackhawk Station —_Beloit _ 1,955 
12 Fort Howard Paper Co. Green Bay 6,196 17,908 34 Badger Paper Mills, Inc Peshtigo — 1,872 

13° WP&L Rock River Beloit/Janesville 6,864 15,743 35 Milwaukee Co. Institutions Wauwatosa _ 1,822 

14. Nekoosa Papers, Inc. Port Edwards _ 9,532 36 Flambeau Paper Co. Park Falls — 1,775 

15 Thilmany Pulp & Paper Kaukauna 3,966 8,733 37 General Motors Janesville — 1,749 

16 Nekoosa Papers, Inc. Nekoosa 1,239 8,715 38 Oscar Mayer & Co. Madison _ 1,677 

17 Consolidated Papers, Inc. Biron 2,649 8,572 39 Murphy Oil Corp. Superior _ 1,646 

18 Madison Gas & Electric Madison 1,452 8,182 40 Marshfield Electric Marshfield — 1,608 

19 Rhinelander Paper Co. Rhinelander 2,851 6,654 41 Green Bay Packaging Green Bay - 1,396 

20 Consolidated Papers, Inc. Wisc. Rapids 1,638 6,646 42 Nicolet Paper Co. DePere — 1,306 

21 Owens-lllinois Tomahawk 3,077 5,769 43 Manitowoc Public Utilities © Manitowoc — 1,302 

22  Midtec Paper Corp. Kimberly 1,057 5,363 44 WEPCo Lakeside Sta. Milwaukee 1,153 

TOTAL 176,835 - 655,984 
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dhe storm-trackers 
A way is being developed to pinpoint 
the sources of acid rain in Wisconsin. 

Who is responsible for acid precipitation in Back-trajectories will be constructed for 31 
Wisconsin? This important question is currently days on which precipitation occurred. The days 

LARRY BRUSS, being analyzed as part of the Cooperative DNR- will be picked on the basis of deposition amount 
ONR Air Quality PSC-Utility project. There had been some past and interesting chemistry or precipitation type: 

Analyst, efforts made in the US and Canada to identify rain, sleet, snow, hail etc. Trajectories will be 
PAUL KOZIAR, responsibility for acid deposition in particular made for each monitoring site: Round Lake, Leg- 
ONP Air Impact areas. However, results from them have not been end Lake and Lake Geneva. 

Analysis and widely accepted because important atmospheric C. T. Main has completed the first six of the 31 
Planning Chief processes were not considered or were analyses and issued them as a Phase I Report. 

oversimplified. After the methods are assessed and validated the 
The Wisconsin Acid Deposition Joint Techni- remaining 25 will be done. 

cal Review Committee recognized the shortcom- Although only six trajectories have been com- 
ings of these previous studies and proposed a_ pleted and results are still sketchy, preliminary 
better method. It is called back-trajectory analysis information from the Lake Geneva monitor sug- 
and follows an air parcel’s path backward in time gests that both in-state and out-of-state sources 
starting from the acid precipitation monitoring cause acid rain in southeastern Wisconsin. In one 
site in Wisconsin. As the air parcel’s path and his- _ of the trajectories depicted, more than 50% of the 
tory are traced, pollutant sources can be identi- acid-causing pollutants in rains from the north 

; fied. Many previous studies have ignored the and northeast at Lake Geneva originate in Wis- 
atmosphere’s vertical dimension because vertical consin. In rains from the south, southwest and 
motions are difficult to track. However, atmos- southeast, depicted by the other trajectory plot, 
pheric vertical motion plays an important part in mostly out-of-state sources are the cause. We do 
cloud formation, precipitation and in locating not have sufficient information from Round and 
contributing air pollutant sources. Legend lakes yet to perform in-state vs. out-of- 

To do the study, the Cooperative DNR-PSC- _ state analysis. A final evaluation of in-state vs. 
Utility research program hired C.T. Main, an out-of-state contributions to acid deposition in 
independent consulting firm. Wisconsin is expected by May, 1985. 

Main’s first step is to trace the path of pollu- In another part of the study, climatologists 
tants before they are incorporated into precipita- performed a statistical analysis of the several 
tion. It is a complicated business. Twice daily the weather ingredients of acid precipitation: the 
National Weather Service collects wind speed, month; surface wind direction and speed; amount 
wind direction, temperature, pressure and relative and kind of precipitation; and weather type (such 
humidity data from weather balloons. Properly as cold front or warm front). As might be 
interpreted, these can be used to give each parcel expected, this analysis showed that the greatest 

of air that caused acid precipitation an individual amount of acid generally occurred with the great- 
identity. Scientists can then trace its path. Using est amount of rain and that wind directions favor- 
the weather service data, meteorologists construct ing the greatest amount of rain also generally 
three dimensional pictures of the atmosphere and favored the greatest amount of acid. One notable 
using wind vectors can trace vertical pollutant exception is Lake Geneva, which received most of 
motions as well as horizontal motions. its rain from the south and southeast, but most of 

Starting with a precipitating cloud, the consul- _ its acid deposition from the north and northeast. 
tants construct a “back-trajectory” that traces the The climatology analyses along with back-tra- 
pollutant’s path back through the atmosphere. jectory studies hold the promise of locating acid 
They can determine how much a source contrib- rain sources. Final results will not be in until 
utes to acid precipitation by accounting for such study methods are ironed out and the remaining 
things as its distance from the precipitating cloud, 25 trajectories completed. Once these are done all 
the amount of pollution it emits and the time the concerned will have a better idea where to concen- 
parcel of air is located above the source. trate efforts at abatement. 

Since trajectory construction is complex and 
tends to be subjective, DNR contracted for an 

independent assessment of Main’s work to be 

conducted by Dr. Roger Pielke, an associate pro- 
fessor at Colorado State University. Together, 
Pielke and Main will iron out any rough spots in 
the analysis. 
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BACKTRACK OF A STORM AT LAKE GENEVA : 
MARCH 17, 1983 4 In this back trajectory most pollutants contributing to acid 

deposition at Lake Geneva originated out-of-state as far 
away as Philadelphia. 

Illustration by Artist Eric Weaver 
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ae ie oy pone « ge an csr 2-00 pm GS), amount of acid deposition. Most acid deposition at Lake 

#40 pm CST = 3/17/83 3/16/83 i : 
3/17/83 : Geneva occurs with northeast and north surface winds. 
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4:40 am CST Mlustration by Artist Eric Weaver 
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In this back trajectory most pollutants contributing to acid = 
Y deposition at Lake Geneva originated in Wisconsin. N 

Illustration by Artist Eric Weaver 
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OCCURRED AT LAKE GENEVA- APRIL 5, 1983 
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ey i ANNUAL ACID DEPOSITION BY =< 
: : : WIND DIRECTION, LAKE GENEVA 

RHINELANDER.WI i ane eY ie : EvEanres wl The good correlation between total monthly precipitation e 
6:00 am CST = 6:00 pmcsT. = E53 and acid deposition simply means that when it rains a lot, 

4/4/83 = s § . . ye i . AF 
2 4/4/83 : : there’s a lot of acid deposition. Heaviest acid deposition : 

TROUT CREEK,ME oe 7 LAKE GENEVA, WI occurs in southeastern Wisconsin (Lake Geneva monitor) 
Ce) tgogemcsr Seu while the least is in northwestern Wisconsin (Round Lake 

4/5/83 vy Monitor). Illustration by Artist Eric Weaver 
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Intensive watershed study: @ 
. - 

EN 

sound & E : i =S0uUn ast. Eightmile Lakes = 
DOUG KNAUER AND STEFANIE BROUWER _ The first alarms about the damaging effects of 4 An interdisciplinary team of scientists has been Soil, trees and in-lake processes help 
Water Resources Research, DNR acid rain on the environment were sounded sev- assembled to work on each phase, including a for- _ buffer the effects of acid rain. Study 

oe ago. Since then, understanding of the est soils expert (Dr. James Bockheim, U.W.- findings will be fed into a mathemati- 

prob em and processes involved has deepened. Madison), a hydrogeologist/water chemist (Den- | del to help managers predict 
It’s known that emissions of sulfur and nitrogen nis Wentz, U.S. Geological Survey), a forest cal mo : e elp 9g p , r 

oxides from coal-fired power production, auto- pathologist (Allen Prey, DNR) and a limnologist what will happen when a lake is hit by 
mobile exhausts and industrial processes can be (Paul Garrison, DNR). Mathematical modelers acid rain. 

changed in the atmosphere to cause acid rain. are using the information collected by the Wis- 

Studies show that lakes in both the US and Can- consin researchers to modify the model designed 
ada have become more acidic recently and that during the Adirondack study. 

wai ee acidification decreases the diversity of fish species The Wisconsin study lakes are seepage lakes 

(necawed ‘CHANGE IN ACIDITY (pH) oe t aes a ee a ee no channelized oo ee or outlets. 
a ue : : c > While not the most vulnerable in Wisconsin to 

Cir Wy AS ACID DEPOSITION FLOWS groundwater and aquatic processes operate nor- acid rain, they include soils and vegetation types 
i a (oe a y THROUGH THE ECOSYSTEM mally, as well as how they operate under the influ- common to northern Wisconsin and hydraulics <a 

Pe tae an BBS oe, 3 AT ROUND LAKE. ence of acid rain. We need to understand similar to other Wisconsin seepage lakes. 
aw a haa, ecosystems before we can assess how they will be Groundwater and rainfall are the controlling fac- 

Ted ay, ie affected by acid rain. : tors of the water budgets of both lakes. The a8 
Hoag ei 5 Ecosystem damage may occur because acid project objectives are: . 2 4 

e i Precipitation rain can disrupt the delicate balance between the « To develop water budgets for the lake basins. : 
A AY nee BH 4.6 physical, chemical and biological components of To determine the chemical composition of es 

Ne pee BH era pH. - the environment. These components are closely rainfall and dry fall, such as dust, and how the 2, 

Ne a= 36 linked, performing essential functions. To address chemistry is modified as rainfall passes through 
Y my ———=___ ee, the link between acid rain and the interaction the forest canopy, soils and groundwater. 

4d s L a between watersheds and lakes, the Electric Power To predict the effects of acid rain on the two 

ped LLY Wf. x ee Research Institute (EPRI) has funded several Wisconsin lakes using the Adirondack model. 
je A ee | y) extensive studies. The original study was con- To test the effectiveness of the Adirondack 

SJ — ) ducted between 1977 and 1981 in three forested model in a different geographic region. 

| Res = Voy watersheds of the Adirondack region of New ee : ae 
2 t a pM York state. This study was based on the recogni- Findings to date show that: 
fon OR . “SJ tion that rainfall follows various pathways a. The pH of rain at the two sites is 4.6. 
UD SC en EITC N falls ; Sf BRE ee Se re mY a through the terrestrial system before reaching a lize acidit 

La ee lake. It was also based on the assumption that a Fe eG ileesinmition 
lake’s vulnerability to acidification can only be e228 ee oe He Ran ECS e tn Dee é : . an ‘ 

Round and East Eightmile lakes have moderate to low understood by studying the biology, chemistry, HUE | e effects of acid rain. af : Aseries of wells help determine groundwater’s contribution 

sensitivity. In these groundwater flow-through seepage geology and hydrology of the entire watershed. d. Neither Round nor East Eightmile lakes ‘0 lake water budgets. 
ae the trees a soils in the watershed neutralizesome Ag part of this study, a mathematical model was experience a depression of pH during early ; 

of the acid rain. Groundwater flowing through the lake desioned d ib Bale Bo ees % h spring because the soils in the area do not 
brings with it sufficient alkalinity to neutrali tacid See ee ee : Wee cn 
isang ilushallon by eee BEHULBNS RIGSENE AS acidification processes. The model defines the freeze and much of the meltwater associated 

processes occurring along the pathways that rain- with heavy snow cover infiltrates the soils. 
fall follows through forest canopies, soils, ) e. In-lake processes, such as bacterial action in 

groundwater, streams and lakes. sediments and bottom waters, can help 

In 1981, the EPRI project expanded to two buffer the effects of acid rain. 
sites in northwestern Wisconsin; Round Lake in M coe ee 
Douglas County and East Eightmile lake in i oe feu isgare Den ea Pee oe ae 

Be : : matical model developed for the Adirondack 
ayfield County. These lakes are different from ; : 

. : a : study. If the model can be validated for Wiscon- 
the Adirondack study lakes in surface elevations, sec eiiltcecome a valnable togl for resource 
soil depth to bedrock and hydraulic residence Se ; f ee 

: : z 4 managers. The last glacier left Wisconsin with 
time (the amount of time it takes water to flow . . 
Warouen heilakeyw he oro eeu ie beine manaeed about 15,000 lakes of which 7,000 are estimated to 

b a . Pe e ee be seepage lakes. An understanding of the effect 
y DNR’s Bureau of Research. The complexity of aces : : ’ 

; : ; acid rain has on the environment will help DNR 
the study requires that detailed measurements be fi iste SIRRC to. taitieaic potential damiiee 

made within the different components of the ae oe rs 108 P Si 

ecosystem: forest, soils, groundwater and lakes. Se : 

| 
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& JOSEPH EILERS, 
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ooo @quatic resour Central District ge 

The water chemistry of about 3,500 

AVERAGE ALKALINITY (INMICROEQUIVALENTs ‘Wisconsin lakes makes them sensitive 
PER LITER) OF SEEPAGE (S) AND DRAINAGE (D) _— to damage by acid rain. 

LAKES BY GLACIAL LOBE 
Superior off Chippewa North central Wisconsin contains one of the 

Lobe YY [P- WY Lobe P a ; ‘ 
(HW My Wisconsin highest concentrations of lakes in the world. In 

Q-70 Ly Lean iapaane Vilas and Oneida counties alone, there are nearly 
oo* UP Lobe 2,500 lakes covering 13% of the total surface area. 

Lopes Mj Green Bay Each year thousands of people use them for fish- 
to Oe o~ a rae ing, swimming and other recreation. They are a 
ae co} valuable economic base for the region. 

i Since June 1979, DNR’s North Central Dis- 
rhe makedpereoils lett by trict Water Quality Planning Section in 
various glaciers influences cooperation with several organizations, has con- 

the sensitivity of lakes. The — Older ducted research to evaluate the sensitivity of 
Wisconsin Valley Lobe left pile northern Wisconsin’s aquatic ecosystems to dam- 

Beng comeing veo age by acid deposition. The studies have also mea- 
See ears yae a this Diiftless Lake Michigan sured the acid.loading rate from the atmosphere. 

area are most sensitive. Area ae Support from over a dozen sources helped finance 
The average alkalinity of a wide variety of research projects including one 
seepage lakes (100) and to estimate the quantity and type of aquatic 
ie eg eke (ooo) resources at risk 
influenced by this lobe is rele Bk : ‘ oe 7 z 
lower than other parts of = NUMBER OF SEEPAGE LAKES Based on pioneering limnological research in 
the state. _ ilustration by Artist © - NUMBER OF DRAINAGE LAKES the 1930s by Dr. Edward Birge and Chancey 

Eric Weaver. Juday of the Wisconsin Geological and Natural 
History Survey, it was known that many of the 

LAKE TYPE CLASSIFICATIONS 

: ea i i eee Seepage a Groundwater Drainage im Surface Water 

< Recharge Qos Flow-Thru 

Seepage pe Groundwater | impoundment Ei eae Surface Water 
Flow-Thru s ee oy Flow-Thru 

¥v = 

Drained S: Transitional Spring \ CSR a aes Groundwater 

N SS Discharge 

Clara Lake in Lincoln County is a typical sensitive, > 
precipitation-dominated lake with low alkalinity. One study 
here will look at the availability of mercury to various kinds 
of aquatic life. Photo by Bob Martini 

Inset: A flume records the cubic feet per second of surface > 
water entering Clara Lake as part of a water budget study. 

Photo by Joe Eilers 

24 Wisconsin Natural Resources



Sa, 
“ae i. ia . — ‘ ‘ : , oi re ‘ 

he ieee Me i i f . gid ri " y 4a -. oe - a ar pty. Sd 

‘ hs Bae a r : . So en ba 
« ‘ mg 44 TRS ¢ Pee 7 ; : ° ‘ $4 3 con y 

ss : rae ae 
am er ci 

oP ee | rk : $ 
> 

He e Win s5. in 
Pe iy Pitot 

: 
sig epg: eller Seem Bes 5 Soi ielieNniichninanecisanente ——— 

Wee Sa I ae a ala RN gC Tn 

ce Si! Picks a ei remeiendhcs * openness pantiete é Bi Aga aan apg : ected Peis Kes Geo a ek rte a : - . ses ae ie meee rare ee ee Shes oa AN rhe Fonds Ste Cents pa. 

as ee 26 gpa la a  e e Ati aie oe =e ix ss ad ase ae Sy ~~ reagan’ 
a . 7 me. Ea R. — . -— : ey ee ae Ke Rees, «ee é a Pe Soe ge | We eee, 8 Ty a = see "% re : > ALB #. > : rd 

Pb 4 PM et ame | ie es Y ie i fy i Se i a Se MU y a a 

pan OS ae Wee a my age Lar nage = = Pai Seo np ie rh fe = ; A eed Fy: 

Pe ee eh i Dip aie DB ere 
— a a ae SE Pe sa ec | ee is ; bs ~ ——— oa ee —. Rate Ser Lie Yar Care py nai We fg 
en Stl oo eee S| \ ogee Pa yee see eT 
Rg RE at ee NI } a ‘ Bear eee Sapa hea ee Os OY oe, Boe ee oye ee : Bee Sires (Yl De 2 SA SS ra ad hs © of P ; ee AY ql 0 a SS as ga ge 

z I ea A) er =a | oy ar tee oi A vy ; ee 1 | Fi a OS ao ant wa ped ; , aed cn aa age <- n oal | “ a y 4 Be ee ee A RE Ss Y . ’ 2 Pe ox op ha, Sake aed : eer ea ; . : | 
° - a ing tie: rar oe ane F aM ae Mis 23 ie et ee TI ok are s 3 eae “<—S ‘ au : f Saar z ; ees =a . 3k a A ss... | oa Nie wa : ei a a \ é me fg , EO ae eee] TTP ne may) : "1 Pp ie OF SSE aida aoe ¥ ’ x / +f 3 Bar S. mp eee : eet “ ; : ae fee gee A SI Ms . ye Mae F , : : mera ae * ON nos i aes 3 ] _— * FS ~— oie ae ae: par, geal 8 ae ee ge Sa Oe vit i ee en haga ; 

er age ( iS Ra . ES ey, : eee ST eae ne ae: Pa : 
‘ OST ; ' = 7 Be aap Ra a : a 5 ye Ag Se 

a 7 RI Ge a Ss Mee rn ; t 
P, ’ 4 — 

ms ~ " a Pane ‘ f ’ 
; a ; 7 i 

: s 2 ’ * ie By f F ; i 5 p, 
Fi , (RR mi ee qj b:



ij region’s lakes were of the soft water type. In con- 
trast to hard water systems, soft water lakes con- 
tain low concentrations of the dissolved 
compounds (primarily carbonates) which main- 

" tain lakes at stable acidity or pH levels. Measured 
as alkalinity, these compounds comprise the acid 
neutralizing capacity (ANC) of a lake. When the 

: | input of acidic compounds from atmospheric dep- 
‘ } osition exceeds the ANC, acidification results. 

abet = | The first step in the project was to collect high 
re fr quality water chemistry data. In cooperation with 
ay * the EPA Environmental Research Laboratory at 

Pa 5 = Duluth, a survey of 275 lakes in the Upper Wis- 
4 a 3 ‘ Si an consin River Basin was conducted. This would 
Se ae oe oa ai answer two important questions. First, what pro- 

ee portion of lakes in the region are sensitive to dam- 
age by acidic deposition? Secondly, are there 
physical characteristics of sensitive lakes which 

Water samples taken year-round are tested for buffering capacity, pH and other can be used for broader evaluations of resources 

chemical components. Photo by Joe Eilers at risk? Researchers in other regions of North 
America have related lake sensitivity to variables 
such as bedrock type, soil type and surface geol- 
ogy. This study would test the importance of these 
factors in north central Wisconsin. 

Results showed 44% of the study lakes to be 
| sensitive with an alkalinity of less than 200 

microequivalents per liter (ueq/l) and 23% to be 
A extremely sensitive with an alkalinity of less than 

| 40 ueq/1. Some lakes (4%) have no alkalinity and 
‘ j H/\V thus, possess little or no ability to neutralize in- 

Yoel, eo coming acids. 
in Although such a large proportion of the study 

eee De lakes are sensitive, a slightly larger number are 
z ee not. There is a broad range both in pH (4.6 to 9.2) 

g E and alkalinity (-25 to 1111 ueq/I). Lakes of widely 
varying chemistry are often found only a short 

Distribution of softwater lakes in Wisconsin. distance from each other. For example, the acid 
neutralization capacity ranged from below zero 
(ultra-sensitive) for McGrath lake (pH 5.3) to 

é 860 ueq/I (not sensitive) for Little Tomahawk 
mT Lake (pH near 8.0). Yet, the two lakes are sepa- 
lk} rated only by a narrow ridge. 
\\e o eG How can lakes so close to one another be so 

_____ Ses different? The answer lies in a lake’s major source 

‘ ———— = —— of recharge water and buffering materials. Lakes 
ich shes i dy og py ge receive their recharge water from three basic 

ee sy 3 a he {| ae Dc. ai sources: (1) precipitation, (2) groundwater inflow Mare ; f esi bon, Oy proudnatss a : eS I. = ASS and (3) surface water inflow (streams). Lakes 
eee _ i -- ___~___ which receive most of their recharge water from 
eta ee ee ee es precipitation represent our most sensitive water 

eee i bodies. Lakes influenced by groundwater and/or 
ee me surface water are generally less sensitive to acid 

3 = : s deposition. 
- = oa : = McGrath Lake is an example of our most sen- 

: = > sitive lake type, because its main source of water is 
7 eS = : E precipitation. Its lake water chemistry is strongly 

a : influenced by precipitation — hence, this type of 
Sa ie ai lake is said to be “‘precipitation-dominated.” In 
ee this kind of system, lakewater seeps out of the 

In 1979 an EPA helicopter from the laboratory at Duluth landed on several Wisconsin lake into the groundwater aquifer. The lake’s 
lakes to take water samples for alkalinity and other tests. Photo by Dave Kunelius major source of water (precipitation) provides 

essentially no alkalinity to the lake. 
Other kinds of lakes are less sensitive because 

groundwater flows through the system bringing 
with it a renewed supply of akalinity. Ground- 
water obtains its alkalinity as it moves through 
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the soil, dissolving the buffering materials. a ; 
Precipitation-dominated and groundwater Fa 

flow-through lakes are generally seepage lakes, i 
without inlet or outlet streams. Lakes with inlet 
and outlet streams, termed drainage lakes, are [4 a ory 
generally less sensitive than seepage lakes, AGN \ Ry mW " 
because inflowing streams usually provide a ES 7 y 
replenishing supply of alkalinity. , oe A . 

Our least sensitive lake type is called a spring- ee \ am el E-S8 F 
lake. Spring-fed lakes like Little Tomahawk 4 A PS Sip > 1a / 
receive an abundant and continuous supply of if) y 5 
acid-neutralizing groundwater. 5 ny /e=t es bai 

There is a continuum of of lake types which fall ae 3 | — 
within the three major categories described above. Y Paks A ear * Jae 

Most lakes receive some input from ground- Y e > \ 
water and from streams, but it is the relative con- Y —s m, . iy 
tributions (quantity and quality) from these two \ * K ad Py r 
sources and from precipitation that determine V2) aa 5 

lake chemistry. Studies on lakes Clara and Van- p Vy \ : 2% 
dercook in north central Wisconsin have demon- a ae CNR é 

strated that precipitation is indeed the dominant Researcher Ron Becker tests the pH of precipitation at the DNR laboratory at 
source of water to these sensitive seepage lakes. _ Rhinelander. 
The amounts of groundwater and surface water 
they receive are small. 4 ig aie , : 

North central Wisconsin is not the only region Fhe Pa te 
in the state with sensitive aquatic resources. Anal- Mes 4 we 
ysis of data collected by DNR as part of a state- jj E vie ges 
wide lake survey in the 1960 to 70s indicates | on AD eae 
nearly 3,500 of the state’s 14,947 lakes are sensi- oe en i Ge, 
tive, while 8% are extremely sensitive. Although fies ee: cae,’ eae 
many of the sensitive lakes are small in size, there rae batty eeagtr ne y 5 a 
are still 1,750 larger than 10 acres, totalling over {| ee x i re: * % : . 
28,000 acres. Cea s = ge Ae 

A majority of Wisconsin’s lakes are located in 5 21 / es 
the northern one-third of the state. They werecre- Ja A (SS | Ca 
ated 8,000 to 10,000 years ago when a series of Jager man gear ——elr asi ee ti \ 
glaciers advanced into the area. Anevaluation of iaeapes Ge —S ye x = es yo 3 

sorties . : U agp? LN mom, ALE ES pany: * 
lake alkalinity in the major glacial lobes suggests Raw EO iis a aa gs OE ie 
that the makeup of the glacial till influences the A ya & Bets Boe ¥ 2 a ce. 
acid neutralization capacity of particular lake er ay ae : en ee 2 4 

types. Considering seepage lakes only, the mean a ee ee Rae ak eae 
alkalinity of lakes within the Wisconsin Valley yao p id ep 4 2 Le = 
lobe, which covered the region containing the org pug <S en PFC Se A os Sie 
study lakes, is lower than that of any other lobe. gears se are ian a 
This suggests the glacial till left behind by that Depth and direction of groundwater flow are determined from observation wells. Using a 
particular glacial advance contains very little car- tape measure to record depth are Nan Eckert and Lisa Huberty of the DNR acid rain 

bonate, while other lobes deposited material "@Search team. Photoby Katherine Webster 
richer in acid neutralizing substances. Seepage 
lakes are lower in acid neutralizing capacity than 
drainage lakes across all glacial lobes. 

What can we project for the future of Wiscon- 
sin’s sensitive lakes? If precipitation is the domi- 
nant source of water, sustained high acid loadings 
from the atmosphere could increase the acidity of 
our most sensitive systems. Those lakes contain 
little or no buffering substances with which to 
combat additional pollutants. The Water Quality 
Planning Section is closely monitoring a cluster of 
these very soft water lakes as part of a nationwide 
study designed to detect long term changes in lake 
water chemistry. Through this and other research 
in the region, an understanding of the compli- 

cated interactions between acid rain and the lakes 
which receive it will emerge. This will provide the 
basis for sound decisions to protect Wisconsin’s 
precious aquatic resources. 
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Interpreting acid rain research 
findings in Wi. | 
——s se soe 

BARS ts 

senat d ce 2 3 oes It ali mean 
ss S&S come 
— = Rhetoric, speculation, bias and fear have confused the acid rain 

issue. Let’s take a hard look at the data and see what’s revealed. //OMAS B. SHEFF, 
DNR, Acid Deposition 

. 7 i i Z Program Director 
The main purpose of acid rain research in Wis- _ times use the annual rate of 20 kg/ha/yr as the Wisconsin 

consin is to provide a factual base from which “‘danger threshold for acid loading.” The use of Department of 
DNR resource managers and state policy makers this standard in Wisconsin is presently being Natural Resources 
can make decisions regarding controls. This isa _ evaluated. 

two-step process: the scientist has to collect reli- The southeastern half of Wisconsin is receiving 

able data, then interpret and explain it. an annual acid loading rate that equals or exceeds 

The first question research set out to answer _ the danger threshold of 20 kg/ha/yr. So whether 

was “How acid is the rain in Wisconsin?” Four you look at the pH of rainfall or the annual acid 

years of data from 10 rainfall collectors through- _ loading rate, a significant portion of our state is 

out the state provide a clear answer. Wisconsin is _ receiving precipitation with an acidity equal to or 

presently receiving acidic deposition with an aver- greater than that which has caused damage in 

age pH of 4.4 in the southeastern third of the other parts of the world. 

state, 4.6 in the midstate region and 4.8 in the The second question we set out to answer was 

northwestern part of the state. The acidity of pre- “Where does the acid rain falling in Wisconsin 

cipitation in Wisconsin comes mainly from sulfu- come from?” To answer this question we have 

ric and nitric acids. Of these two, sulfuric done two things. First, we have identified all 

predominates. major sources of the two acid rainmaking pollu- 

What do these pH values and the presence of _ tants, sulfur dioxide and nitrogen oxides in Wis- 

sulfuric and nitric acid in the rain mean? Unpol- _ consin and surrounding states. Second, we have 

luted rainfall is slightly acidic because some car- tried to determine what proportion of the acid 

bon dioxide from the atmosphere dissolves in rain falling in Wisconsin is due to in-state sources 

rain, producing a weak solution of carbonic acid. _ of pollutants and what proportion is due to out- 

Scientists commonly use a pH of 5.6asareference _of-state sources. Here’s what we've found: 
point for unpolluted rain because pure (distilled) The majority of sulfur dioxide and nitrogen 

water in equilibrium with atmospheric carbon oxide emissions in Wisconsin are produced by fuel 

dioxide has a pH of 5.6. The validity of this refer- burning. Over 87% of Wisconsin’s sulfur dioxide 

ence point is a subject of current debate. How- emissions come from 43 point sources — primar- 

ever, precipitation with a pH consistently below _ ily coal-fired power plants and paper mills. Nearly 

5.0 caused primarily by sulfuric and nitric acids is 72% of Wisconsin’s total emissions of nitrogen 

considered unnaturally acidic and the result of Wi in lies on th 

manmade emissions. Additionally, we know that pH OF ACID RAIN IN oe ea ine acid 

environmental damage has occurred in Scandina- EASTERN NORTH AMERICA rain belt with precipitation 
via, Canada and New England in areas where the Te y as acidic as pH 4.4. A core 

pH of rain is 4.6 or less. = oe covenns parts or New 
‘ ee oR fork, Ohio, Pennsylvania, 

Geographically, Wisconsin lies on the western ee 9 ZY Kentucky and southern 

fringe of the acid deposition impact region of q ig igs Canada has an even greater 

northeastern United States. Precipitation is near : © BE gy Problem, with pH as lowas 4.2. 

normal at points west of our state. Starting at g fp. 4 Mlustration by Artist Eric Weaver 

about the Minnesota-Wisconsin border and moy- S O \ Sa 

ing eastward, the acidity of rain gets progressively BO Ap a 

stronger to a pH of 4.2 in a core area covering 1 (Z ff’ pA ty 
parts of Ohio, Kentucky, Pennsylvania and New Pa TE ay a s 

York. i many, \g 
Another way of evaluating the acidity of rain- tee Y AL BS 

fall is to calculate the total wet dose of acid falling mA { 24 
on a standard unit of area in one year. This is f fia A hg, ee 
called an ‘“‘annual loading rate.” In regions of the eo N <A 
world where 20 kg/ha/yr (about 17 pounds per %6) 

acre) have been deposited, acidification of surface J om § 
waters has occurred. Therefore, scientists some- ~ ry 3 

di 

Lisa Huberty of the acid rain research team makes a point. ; 

Photo by Katherine Webster 
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oxides come from motor vehicles and 24 point not exceed 20 kg/ha/yr or damage may result. 

sources— again electrical utilities and paper mills. However, this relationship is quite variable. For 
In Wisconsin and in the rest of the eastern US, example, some less susceptible lakes in southern 

natural sources of sulfur dioxide and nitrogen Wisconsin with alkalinity higher than 500 ueq/I 
oxide are considered negligible. can probably neutralize annual acid loading rates 

Although the Atmospheric Trajectory Project above 20 kg/ha/yr. On the other hand, “super- 
is not completed, information gathered to date on _ sensitive” lakes with near-zero alkalinity may not 
in-state versus out-of-state contributions to acid be able to neutralize annual acid loading rates 
rain gives us some insights. For example, prelimi- well below 20 kg/ha/yr. In fact, Canadian, Swed- 
nary data from the Lake Geneva monitor shows ish and American scientists suggest an annual 
that a significant in-state source contribution, loading rate of no more than 9 to 15 kg/ha/yr 
about 50%, can occur with north and northeast must be established to protect our most sensitive 

winds. When acid rainfall comes with southerly lakes. (The 1982 Stockholm Conference on Acidi- 
winds, the in-state contribution observed is less fication of the Environment) Under this criterion, 
than 50%. However, most acid deposition at the present loading rates of 14 to 18 kg/ha/yr in 
Lake Geneva in 1982-83 occurred when winds north central Wisconsin would be too much for 
were northerly. Although the data are scant, and some of the state’s zero-alkalinity lakes. 
our interpretations are at best tentative, it is rea- Heightened concern for this group of 100 or so 
sonable to believe that in-state sources may ‘‘super-sensitive” lakes has led to more intense 

account for a significant portion of the acid rain study. A comparison of water chemistry measure- 
falling in southeastern Wisconsin. ments taken between 1925 and 1941 with present- 

The third research question was “Has acid rain day water chemistry, taken between 1979 and 
caused any damage in Wisconsin to date? If not, is 1982, shows that eight of these near-zero lakes 
future damage likely?” To cause damage, the rain have decreased in pH. In addition, some walleye 
must fall on resources which are sensitive to acids. and bass from eight lakes in northern Wisconsin 
One sensitive resource looked at is the northern show mercury contamination above the safe limit 
soft-water seepage lakes. More than 80% of the of 1.0 part per million (ppm). There is a general 
state’s 15,000 lakes are found in 23 northern correlation between low pH waters and elevated 
counties. These lakes provide a recreational base mercury burdens in fish. Acidic water has been 
for much of Wisconsin’s $7-billion tourism indus- shown to increase the accumulation of mercury in 
try and any threat is also a threat toa main part of _ fish tissue. 
the state’s economy. Since there is no historical data on mercury 

Soft-water lakes contain very low concentra- _ levels in these lakes an increase cannot be proven. 
tions of dissolved chemicals called carbonates. However, it is safe to conclude that if acidification 
Carbonates are mother nature’s alka seltzer, in lowers the pH of other lakes in northern Wiscon- 
that they tend to neutralize acids. The amount of sin, a greater concentration of mercury in 
carbonate in a lake is measured as alkalinity. gamefish can be expected, if indeed, the basic bio- 
Alkalinity levels, which are expressed in microe- _ logical integrity of the lakes and their fisheries can 
quivalents per liter (ueq/l) measure the acid neu- even be sustained. The decreased pH values in 
tralizing capacity of lakes. The higher the eight near-zero alkalinity lakes and elevated levels 
alkalinity in a lake, the higher the acid neutraliz- of mercury are consistent with a working hypoth- 
ing capacity and the less susceptible a lake is to esis that these lakes may be showing the first signs 
acid rain. On the other hand, low alkalinity means _ of acidification. 
high susceptibility to acid rain. Although some of our near-zero alkalinity 

It is generally accepted by scientists that acid- lakes are showing signs which suggest acid rain 
sensitive (susceptible) lakes are those which have _ stress, the majority of Wisconsin lakes are not in 
alkalinities of 200 ueq/I or less. this low-alkalinity category. Round and East 

This “danger susceptibility threshold” of 200 Eightmile Lakes, which have alkalinities of 180 
ueq/I has been used to estimate how many lakesin and 475 ueq/1 respectively, provide us with valu- 
Wisconsin are sensitive to acid rain. Various able information about lakes with moderate to 
inventories of Wisconsin lakes indicate that low sensitivity. In these kinds of seepage lakes, the 
approximately 2,000 in the northern third of the _ trees and soil in the watershed neutralize some of 
state (and about 3,500 statewide) have alkalinities the acid rain. The groundwater seeping into the 
of 200 ueq/I or less. lakes brings with it sufficient alkalinity to neutral- 

Of greater concern is the fact that of the 2,000 ize present acid loading. These kinds of ground- 
susceptible lakes in northern Wisconsin, about water flow-through systems do not appear to be 
500 are extremely sensitive and have alkalinities immediately threatened by acid rain. Unfortu- 
of only 40 ueq/l or less. And of these 500 nately, the same cannot be said for our near-zero 
extremely sensitive lakes, about 100 have alkalini- alkalinity lakes, which receive very little alkalinity 
ties at or below zero. from groundwater and whose chemistry is 

This group of 100 or so “super-sensitive” lakes strongly influenced by precipitation. 
cause most concern. The reason can be found in The difficult question facing policy-makers is 
the dynamic relationship between lake suscepti- whether to pass tough pollution control measures 
bility and acid loading. As stated previously, the | which would protect a minority of ultra-sensitive, 
general rule is that the acid loading rate to a sus-_ precipitation dominated lakes, or to pass more 
ceptible lake (200 ueq/I alkalinity or less) should modest control measures which would protect a 
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majority of less sensitive lakes. Some would argue DISTRIBUTION OF WISCONSIN LAKES 
that we should protect even our most sensitive BY SENSITIVITY CATEGORY 

lakes, since they are an integral part of a larger Arrows show approximate levels of annual Sulfate 
Wisconsin ecoystem. As Aldo Leopold said. loading that should not be exceeded if lakes are to sa 
“intelligent tinkering requires saving all the be protected from Acidification. . 
parts,” so it can be argued that these most sensi- 80 

tive lake systems provide an important home for et 29, & 
many species. It may not be possible to quantify, 75 = es es 
document, or even to foresee the benefits of pro- gS ° ea Seidis eS NL 
tecting such resources, but would that make it 3 a a iz 

2 Ch LE wrong to protect them? : ‘ ele : a (n=11,500) 
Summarized, the findings of the various studies g o 

show the following: (Be oye ee SA 
- Since 1979, Wisconsin has recorded rain and = N 12 F 

snow that are up to 10 times more acidic than xz: 15—— Soars a , | 
normal. This level of precipitation acidity has 1 _—— ot Geil 
caused environmental damage elsewhere in North 10 Ka/ha/yr. TE i | 
America. ple ee Orns (n=2300) 

- The annual acid loading rate in portions of Cees ae i | 

Wisconsin exceeds the critical level that has ethan 0% a9 TRE " 200-499 Greater than 500 
caused lake damage elsewhere. Continued deposi- ee fuegivatiak elie eatenerios 

i ¢ , i ] C, cit] alinity range (ueq/1) of lake sensitivi i 

ee . ee a ee nis the estimated number of Wisconsin lakes in each category. 
northern la atens fish and other aquatic 

life. The more sensitive a lake 

- Preliminary data from the Lake Geneva mon- ae 
itoring site suggests that a significant portion of loadings limited to no more 

the acid rain falling at this site can come from __ than 10 to 12 kg/ha/yr may 
local in-state sources of air pollution. be required to protect _ 

- Of Wisconsin’s nearly 15,000 lakes, 2,000 in Beas Seas 
the northern third of the state, and 3,500 state-  fatsein Avene range 
wide, are susceptible to acid deposition. Of these from 15 to 30 kg/halyr. 
3500, about 1200 have alkalinities so low that  ttustration by Artist Eric Weaver 
damage from acid rain is likely if the present rate 
of acid deposition continues. 

- Although no biological damage has been doc- 

umented ro Be n ey ae few a Wisconsin and other sensitive areas. 

sensitive prectaton-dominated kes n north- “in respose fo these findings, wo portant Wie : ‘~~ laws were recently enacted in Wisconsin to 
ee ne = - ee address the acid rain problem. First, a maximum 
he ve Pe f acidification y 8 annual limit — sometimes called a “cap” — of 
HS Gslens Ore : mel 500,000 tons of sulfur dioxide was placed on the 

Wis Gamefish ~ several oe oe ae total emissions from the five major utilities in the 
a oe Sep a: a «State. This holding action will prevent sulfur diox- 

Oe oe = cee SG) tee . ee ide emissions oe these oie sources from 
a : increasing in the future. To allow uncontrolled 

who eat such fish. Acidic water dissolves mercury a be irresponsible 

nee ee Se and Sy it ie e - The second law calls for a two year study on 
. end fain lowers the oH ee how Wisconsin can most efficiently and cheaply 

in northern Wisconsin, more widespread mercury 

contamination in gamefish can be expected. Sensitivity of Lakes to Acid Based on 
- Lakes with moderate to low sensitivity are Alkalini 

protected by buffering mechanisms in the water- alinity 
shed and a renewed supply of alkalinity from Alkalinity Estimated # of 
groundwater entering the lake. Class (ueq/l) Wis. Lakes in Class 

Research in Wisconsin and other parts of the 1 s 0 150 
world describes the problem with considerable Ultra-Sensitive 
clarity and reveals a basic consensus: acid rain is ll Extremely Sensitive 0-39 1050 

derived primarily from manmade emissions of Ill Moderately Sensitive 40-199 2300 
sulfur dioxide and nitrogen oxides. It has caused eet 
significant damage to the environment in parts of access Danger Susceptibility Threshold -- --- - 

Scandinavia, Europe, Canada and the New Eng- IV_Low Sensitivity 200-499 
land states. Wisconsin resources face a threat of es 11,500 
similar damage. A reduction in sulfur dioxide and V Not Sensitive 500 
nitrogen oxide emissions before they enter the TOTAL 15,000 
atmosphere would reduce the threat of damage in 
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reduce sulfur dioxide (SO2) emissions if neces- ings, the effectiveness of the “cap” law, ways to 
sary. This ‘““SO2 reduction cost study” is being most effectively reduce emissions, the effects of 
done in anticipation of national legislation calling proposed federal legislation, and the need for fur- 
for significant SO2 reductions in the continental ther state legislation related to acid rain. 
United States. Wisconsin will be one step ahead of These first and logical steps of holding emis- 
the game if it has an SO2 reduction strategy in sions to historic levels, determining the best way 
place when federal rules are passed. to go about reducing emissions, developing rules 

- The law creating the cost study also directs for attaining health standards and careful 
DNR to develop statewide rules which would _ research will not solve the acid rain problem. The 
limit emissions of sulfur dioxide and ensure that _ real solution is for the US Congress to pass a law 
ambient air quality health standards are met inall which results in meaningful emission reductions 
areas of the state. Besides improving air qualityin nationwide. The advantage of a national 
Wisconsin, these health related limits will no approach is that the law (and the attendant cost 
doubt have spin-off benefits with regard to acid burden on industrial sources) could apply equally 

rain. to all states, and all states would share the cost of 
- DNR has also created a new Acid Rain Sec- the cleanup. Wisconsin will continue to press for 

tion to evaluate several things: new research find- such a national solution. 

—————— 

Environmental and industrial views 
of the acid rain debate. 
eS 

) ae 
a Se ss h 

r eo = = 

, | viewpoints 
i ES 

/ \ LYMAN F. WIBLE, Administrator, Division ; 
of Environmental Standards 

In the past few years, the public under- alternative controls in Wisconsin. DNR 
standing of the acid rain phenomenon will report on these costs which are so 
has sometimes been hampered by prema- important in the development of pollu- 
ture interpretation of facts, partial tion control decisions. The following 

reports, side issues, misinterpretations environmental and industrial viewpoints 
and overstatements by various interest provide an interesting discussion of acid 

pen rr AGREED! WMS ACD yy groups. Consequently, public opinion on rain policy options as they are perceived 

| RAIN MAY BEA PROBLEM JF*4°" the issue of acid rain has been in a con- today. Do we act now to control acid rain 

Est stant state of turmoil. or wait for results from ongoing 
— mee More recently, public opinion has _ research? If so, how long should we wait? 

i 3, LA , 4 converged toa point where many people Both courses involve risks. Delaying 
=> ZG Lae : believe that acid rain poses a substantial controls for five to 10 years will allow 

dA WA E t risk to our resources. Although the costs emissions and, presumably, acid rain to 

fie beg ys ue : of reducing emissions which cause acid remain high for a decade or two with the 
» | ey) 4, tain are also substantial, many individu- _ risk of more environmental damage. Act- 

‘ = = “<=. als and groups point to the risk of irre- ing now involves the risk that controls 
Wy g ni } { i ee ‘= versible damage to resources and call for may be less cost effective or efficient than 

Im { bay \ BU <2" more stringent federal pollution controls. controls designed 10 years from now. At 
Sey. fe le fe Ce +e Others, emphasizing scientific uncertain- the same time, advances in scientific 

EE Sa Reser ties about transport and interaction ofair understanding (of the problem or of pol- 
=o 7 SNE he . pollutants may draw different conclu- lution control measures) over this time 
SLE OO PET Ss sions about how to balance risks against period are by no means assured. 
as costs. These interests claim that further By considering the two editorials 
Ww Ran llution controls are premature, may which follow, the reader has an opportu- BS SSR po are premature, y wi Ww. : pp’ 
RRGR waste money and would impose unrea- nity to weigh 1) the risks of resource 
ACID sonable burdens on industry and the damage or loss, against 2) the risks of 

public. unwarranted or misdirected control 
The DNR articles printed in this pub- expenditures. This evaluation or trade- 

lication present a statement on the risks off is the decision which the state must 
and research surrounding acid rain. eventually face, and DNR’s role is cen- 
Future studies will examine the costs of tral to this process. 
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VIE of streams in the eastern US are 

threatened by acid rain. In Ontario, 4,000 
| ‘ lakes have already succumbed and the 

the decade, indeed, possibly of the cen- alan Sacer earns another 
° aia: tury. Both acid rain and roxics threaten 48,000 to be threatened. In Minnesota, 

Acid rain: A i eee ae er ae . a 'Scon- about 3,000 are threatened. 
| d t eee ae . ets Acidified lakes show aluminum con- 

ae Be centrations which subsequently have a 
ciear an presen threat to the health of present and future en eee a Cs uptake of 

danger Deco Seas threat is aaa mercury in predator fish has also been 
alleled HY Se Re and degree of potential documented. The National Academy of 

SHELLEY MOORE, Citizens For A devastation, which would, in all likeli-  ¢cience warned in 1981 that unless acid 
Better Environment cope ee ee : rain is controlled, the number of effected 

; ony is position supporte ata or is i Apacer 
Acid rain is so dangerous, pro- ijt Sinmict vheoric?), lakes will double by 1990. as 

: : just alarmist rhetoric? ss In addition to aquatic effects, acid rain 
ee Acid rain has already caused extensive nq its precursors damage such materials 

now. Environmentalists say the damage in Scandinavia, eastern Canada ae one forties pun ioanemand 

state cannot afford to wait fora and the northeastern United States. jeather, It can also reduce yield and mar- 
federal law and that DNR rules ee ee Ss and ee oes ketability of important crops. Field- 
need change. een a6 be ue ue point Ais ae ish are grown soybeans showed yield decreases 

no longer able to survive. In the Adiron- of 11 to 23% when exposed to simulated 
Acid rain poses a very real threat to dacks, 212 lakes can no longer maintain a acd ain Every 1% reduction in yield 

the health and welfare of Wisconsin citi- fish population. The Office of Technol- represents a 950 million annualilocs 
zens. Along with environmental contami- ogy Assessment (OTA) estimates that ROR eee he pe ge ueeceas oe 
Le sec RT| et sareian 0 OGONi ee and GOr000 amiles Acid rain can also cause necrotic spotting 

nation from toxics, acid rain looms as the more than 9, akes an : miles which reduces the marketability of such 
most critical environmental problem of - 

eee ee Warr TiLL DO , 

THE FACTS SOMmeTH NG 

T INDUSTRI Ly eine A? wow! / 
* —— a 

H IEW a aves AY WERE MOVING WITH Ne iG 
' \ ALL DEUBERATE a 

O\N Srepily iW 
iN 4) - a (s aS Z| INS \ A ' AOR . BA SX 

yw Oy WORDS ee We Gs Ne 2 Waa’: Ss 

Na? yl Kal: a 84 So 
AK) Ra , a Os Look (ait Me a | CLs DNR Se 

qs ee Ie 2 Sg 
PAW Bs. ENSSION > 2% Ra ae 

bef ore Aw " eo LAN “eg ed li" 

you leap Lae a PHAR Re 
This finding is among the preliminary results of 

the Wisconsin Acid Deposition Research Pro- 

RICHARD C. BRATCHER, Chairman, Wisconsin gram being conducted jointly by state and federal 
Utilities Acid Deposition Task Force agencies and Wisconsin’s utility companies. Over 

the next two years, research to be completed 
5 4 : : : under this program will go a long way toward 

No immediate action is needed on acid answering these important questions: 
rain. Wait for the facts. @ Will Wisconsin’s environment be affected by 

acid deposition in the future? If so, how 
While much remains to be learned about acid quickly? 

deposition, there is one thing we do know: no cri- e@ If acid deposition is expected to have 
sis exists in Wisconsin. adverse effects, what is the best way of 
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: VIEW facilities can adjust acidity to combat this exceed that amount. Several hundred _ lakes, lost forests, or worse yet, humar tems.” US - Canadian Memorandum of 

ONMENTAL em, it is easi ‘ ith i | ble Wi in lakes have alkalini- health problems? Intent Transboundary Air Pollution: THE ENVIR ; : problem, it is not so easily dealt with in vu nerable isconsin akes ave alkalini ea th problems? 4 ntent on Trans ound ary Air Pollution: 

can obstruct breathing, particularly when individual water systems. Wells and ties near zero with a loading rate of It is our belief that the magnitude 0 January, 1983 Effects Work Group 

crops as apples, tomatoes, lettuce, rad- present in combination with other air groundwater have been found to be acid- between 12.3 and 15 pounds per acre per harm posed to the quality of life in Wis. (Canadian Summary). 
ishes and other produce. pollutants. Recent research indicates that ified in some regions in Sweden, a possi- year. An unresolved question is whether consin mandates protective action now. “The Conference considered that the 

Acid deposition is also believed to bea people with asthma may develop intense _ bility which could be of some concern in acid rain has already created a Wisconsin Environmentalists are not the only ones establishment and implementation of the 

major cause of decline and death of cer- constriction of the airways at levels of _ the US. lake obituary. As of now DNR research- to express such views: concerted programmes for the reduction 

tain forest stands in Germany, Poland — sulfur oxide much lower than previously The Th T . 7 de ers have not definitely stated whether “Congress should require a significant of sulphur emissions to be a matter of 

and Czechoslovakia. West German _ believed. Its gases are associated with the io Tikast to Wisconsin eight northeast Wisconsin lakes which reduction by 1990 in the current level of urgency. 

scientists estimate that 30% of the forests aggravation or development of bronchi- We now know that about 3,500 Wis- showed a decline in pH over the past 30 sulfur dioxide emissions in the eastern “The acidification problem is serious 
in that country are effected. Certain for- tis and emphysema. Exposure increases _consin lakes are vulnerable. The acid rain to 50 years are actually acid rain casual- United States.” The National Commis- and, even if deposition remains stable, 

ests in New York, Vermont and New — acute respiratory disease and depresses falling here has a weighted annual mean ‘ ties. Nevertheless, the Wisconsin Inter- sion on Air Quality: March, 1981. deterioration of soil and water will con- 

Hampshire also show severe stress symp- lung function in children. Both children pH of about 4.4 in the southeastern part pretive Assessment Document on Acid “It is the Committee’s opinion, based tinue and may increase unless additional 

toms including dieback and subsequent and the elderly are particularly sensitive of the state, 4.6 in north central Wiscon- Deposition states that acidification is on the evidence we have examined, that control measures are implemented and 
invasion by parasites. On both conti- to the effects of air pollution. High con- _ sin and 4.8 in the northwest. This range is likely to occur if present conditions in the picture is disturbing enough to merit existing control policies are strength- 

nents, the foliage of declining trees con- centrations of nitrogen oxides can be similar to that which caused environmen- these lakes continue. prompt tightening of restrictions on ened.” The Stockholm 1982 Conference 

tains 10% more sulfur than that of fatal. At lower levels, nitrogen oxides can tal damage in Scandinavia, Canada and Wisconsin research has also shown atmospheric emissions from fossil fuels on Acidification of the Environment. 

healthy trees. Scientists hypothesize that increase susceptibility to viral infections New England. Major sources of sulfur that walleye, largemouth and small- and other large sources such as metal “We recommend that additional steps 

a combination of environmental stresses, _ such as influenza, irritate the lungs, and oxides and nitrogen oxides have been mouth bass over five years old in several smelters and cement manufacture. should be taken now which will result in 

including acid deposition and drought, cause bronchitis and pneumonia. Thus, it identified in Wisconsin. Over 87% of northern Wisconsin lakes with naturally “Of the options presently available meaningful reductions in the emissions of 
are damaging these forests. is important to note that the substances Wisconsin’s sulfur dioxide emissions occurring low pH exceed the FDA safe only the control of emissions of sulfur sulfur compounds into the atmosphere 

~ Acid rain also poses a potential that cause acid rain also cause direct come from 43 point sources — primarily limit for mercury. The conclusion and nitrogen oxides can significantly beginning with those steps which are 
human health threat. The precursors to human health damage. This is especially coal-fired power plants and pulp and reached by Wisconsin researchers is that reduce the rate of deterioration of sensi- most cost effective in reducing total 

acid rain — sulfur and nitrogen oxides— important in Wisconsin, since many _ paper mills. if acidification does occur in northern tive freshwater ecosystems.’ The deposition. 

have long been known to directly damage areas of the state do not meet the Based on what’s been learned in Scan- Wisconsin lakes, we can expect to see National Academy of Sciences: Septem- “If we take the conservative point of 

human health when inhaled. Exposure to _ national health-based ambient air quality dinavia, Canada and New England, it is more mercury contamination in ber, 1981. view that we must wait until the scientific 

sulfur oxides in combination with partic- standards. believed that Wisconsin’s sensitive sur- gamefish. “Members of the Work Group pro- knowledge is definitive, the accumulated 
ulate matter has been associated with In addition to direct damage tohuman face waters will become acidified if sul- Taken together, these study results, pose that present deposition of sulphate deposition and damaged environment 

increased mortality during episodes of health, acid rain precursors may also fate found in deposition exceeds a conclusions and possibilities support the _ in precipitation be reduced to less than 20 may reach the point of ‘irreversibility’.” 

heavy air pollution and with aggravated have indirect effects. Water supplies loading rate of 17.6 pounds of sulfate per premise that acid rain will eventually kg/ha/yr [50% reduction over wide areas White House Office of Science and Tech- 

symptoms in persons with heart andlung which are acidified can dissolve copper acre per year for an extended period. cause damage in Wisconsin, if it hasn’t of the eastern US] in order to protect all nology Policy panel on acid rain: June 27, 

disease. Studies show that sulfur oxides and lead out of pipes. While treatment Loading rates in half the state now already occurred. Must we wait for dead but the most sensitive aquatic ecosys- 1983. 

i Wisconsin’s major utilities welcome the oppor- ability to predict changes in lake water quality 

THE INDUSTRIAL VIEW tunity to participate in the Wisconsin Acid bie: that could result from changing acid deposition. ERs RNR Sen iia a vera 

3 mcg sition Research Program and to work Since water quality is influenced not only by pre- OE Te cee caer | pene sce Bae 

preventing or mitigating the effects? cooperatively with the Department of Natural cipitation falling directly on a lake but also by | Mace TEM Secisoes Se diode Srigsione (romihe 
@ Are local sources of sulfur dioxide and Resources and the Public Service Commission. interactions of precipitation with vegetation, soils smentinl lee. state's five major utilities. 

nitrous oxides significant contributors to This research will help us define the nature and and groundwater in the surrounding watershed, ae ems OR i ~~ This new power plant in 

acid deposition in Wisconsin? ; significance of acid deposition in Wisconsin. the relationship is much more complex than previ- Ma. aa ree Soe ou Me 

: oulg 2 eaco ne benefit be apne’ By Then, the state legislature, regulatory agencies, ously thought. Completion of needed research a sae ee —a eevee eae een 
further reducing emissions in Wisconsin? and utility managers together will be able to make over the next two years will significantly improve : — _ byDennis Yockers : 

reasonable judgements about the issue. our ability to predict the relationship between ‘ te See 

The researchers already have made a number changes in acid deposition and lake water quality. a eee ait ay 
of important findings. We know that Wisconsin’s Similarly, by the middle of 1985 we willhavea = eges e 
lakes have not been damaged. We know that Wis- much better understanding of the contribution of © | BND. ee a 
consin’s lakes are less susceptible than those in Wisconsin’s emission sources to acid deposition in ee su ee re - oa 

ise = areas such as the Adirondack Mountains. We Wisconsin. With this information in hand, policy- ; A ee os f es 
wee know that potentially vulnerable areas of north- makers will have a clearer picture of whether ce ie | ‘ora, © 

‘ oo ern Wisconsin receive only about 21% as much reducing these emissions would significantly i ee i ope a 
am Be acidity in rainfall as does the northeastern US. reduce acid deposition in Wisconsin. =——- — se Obes ia 

i aad And, we know that any changes that might take Both of these important pieces of the puzzle |—- ' SDS ye | mutemmaiisey = 
As place in Wisconsin would probably not occur will help Wisconsin’s legislators and regulators =~ * ¥ ay —— i gi Prag! — 

; quickly, but rather over a period of several decide whether — and if so, what — actions cd oe ee a 
decades. All of these facts, developed through the should be taken. Without this essential informa- z= 3 =e — 

: Ba “2 cooperative research program, lead to the conclu- tion about causes and effects of acid deposition in ot Bi ae as ee = Sas ed 

sion in the program’s First Annual Report that Wisconsin, these decisions can only be based on - ene. YS 5: 5 

aa bniiniages we are not facing a crisis in Wisconsin. guesswork. eo ey - 
aan sig mae While these findings are reassuring, the utili- Another piece of the puzzle will be answered in ea 

ee cae ties, state agencies, and other interested parties 1985 by a joint DNR/Utility study of the costs of % \ 
pre iii. still need to know what long-term risks may exist significantly reducing emissions of sulfur dioxide. 7 \ 

oe oa and what cost-effective measures could minimize Requested by the Wisconsin legislature, this study Ne THE, D 
The Wisconsin Power and Light Edgewater Plant at Sheboygan. In 1980 it was the second those risks. will help determine the costs of reducing sulfur tilled sti ina ? 
highest emitter in the state of both sulfur dioxide and nitrogen oxides with 58,474 and Answers to those questions are already being dioxide emissions by 30 to 70%. Control tech- OT 

28,730 tons respectively. Photo by Ron Becker. : ae é ; : : as 
developed. The research program is gaining the niques to be examined include coal cleaning, 
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ogy Assessment has estimated an average form a public policy whose elements are merely support further research. The However, DNR must change its posi- 
: ENTAL VIEW increase of $2.1 saree both irreconcilable and contradict State of New York recently took the tion on allowing stack-height increases a VIRONM fue ee increase o $2. 9 per month on an aver. 0 econcilable and contradictory cently took | ( ig ght s 

THE EN largest and dirtiest utility plants across age Wisconsin residential electric bill. and do not go far enough. landmark step of passing legislation a primary method of pollution control. 
the country to install scrubbers, thus Industry-generated cost estimates are The Wisconsin legislature has recently | mandating emission reductions within By increasing stack height, emissions are 

Federal Government Failure reducing total annual emissions by seven considerably higher. There is no provi- passed three bills pertaining to acid rain. state boundaries. The a calls for an dispersed over a greater area. This not 
To Act million tons. The only Wisconsin plant sion for offsetting of increased emissions The most notable of these would “cap” —_ emission rollback of 12% by 1988, anda only avoids emission reduction, it may 

on this list is the Wisconsin Electric from future sources. major electric utility emissions at 500,000 30% reduction by 1991, or soon there- even allow them to actually increase — 
Acid rain is a local, state, national and Power Company (WEPCO) Oak Creek H.R. 3400 has two provisions for i; tons per year, beginning in 1985. This bill after. Massachusetts and other states without subsequent violation of the 

international problem. Many Americans Generating Station, which would have to nitrogen oxides. It would establish j also sets a goal of 675,000 tons in annual —_may also follow the New York example. ambient standards at ground level. 
had great hopes that Congress would reduce annual sulfur dioxide emissions tougher standards for new coal-burning sulfur dioxide emissions for all Wisconsin Unfortunately, New York had to sustain In the past, DNR has allowed sources 
pass an acid rain bill, along with by 66,300 tons. Phase two would require plants, setting an annual reduction in sources. The cap bill has been roundly widespread damage before it adopted to raise stacks to a height defined as good 
reauthorization of the Clean Air Act, in an additional three million ton reduction nitrogen oxide emissions of 1.5-million I. criticized for not covering all major sul- this bill. Wisconsin must not hesitate engineering practice (GEP). A GEP stack 
the last session. This did not happen. across the 48 states. An allocation tons. It also sets tighter nitrogen oxide fur dioxide sources (the pulp and paper _ until the damage is done, but must take can be as high as 2% times the height of a 
Nevertheless, it is useful to review the formula determines the amount of each emission standards for large trucks, industry was originally to be included), | preventative steps and adopt rollback building adjacent to the source of emis- 
most important provisions under discus- _ state’s reduction. A state may choose any _ thereby achieving a two to three million and for setting a “cap” which is not actu- _ legislation now. sions as defined by the US Environmen- 
sion because they will most certainly be method it deems appropriate to meet the _ ton reduction. ally constraining. Although DNR has, of course, sup- tal Protection Agency. The conditions 
considered at the next politically oppor- reduction goal. Wisconsin’s target emis- Both DNR and Governor Tony Earl Another Wisconsin bill directs DNR __ ported the three Wisconsin acid rain bills under which sources are allowed to take 
tune moment. sion reduction would be 342,600 tons. had endorsed H.R. 3400 in concept (res- to study the cost of 30, 40 and 50% which passed, it has continued to adhere advantage of increases in stack heights 

The Waxman-Sikorski Bill (H.R. Thus, an additional 276,300 ton reduc-  ervations have been expressed regarding reductions in emissions of sulfur dioxide _ to an archaic position through its regula- up to GEP have been the subject of 
3400) was the most important of the tion would have to be found from other _ the mandatory scrubber requirement and from all sources. Finally, the Little Rock tion of sulfur dioxide as an ambient national controversy. Recently a federal 
numerous acid rain bills because it was sources. The reductions would have to be _ the adequacy of the funding mechanism). Lake research project was also autho- health problem. Environmental groups court rejected the US Environmental 
the most comprehensive in scope and achieved within 10 years. Passage of this legislation is the most crit- rized. This project will study effects of threatened litigation to obtain develop- Protection Agency’s definitions of GEP 
also had the most co-sponsors. Intro- H.R. 3400 would also create what has _ ical element in development of a national acidification on warm water fishcommu- ment of statewide sulfur dioxide rules. stack height. 
duced by Representatives Henry Wax- been termed an “acid rain superfund.” It solution to the problem. nities, and will allow development of a Wisconsin is one of only three states in Unfortunately, the DNR has contin- 
man (D-CA), Gerry Sikorski (D-MN) would be raised by a one mil per kilowatt Given the political uncertainties list of diagnostic symptoms of lakes the nation without such rules. Thus, sev- ued to allow sources to take full advan- 
and Judd Gregg (D-NH), H.R. 3400 surcharge on all non-nuclear electricity regarding the prospect of federal legisla- undergoing acidification. eral areas of the state are currently in vio- tage of EPA’s definition of GEP, even would have sought emission reductions generated in the 48 states. This fund tion, and the growing certainties docu- These actions are of course laudable in _ lation of the national ambient air quality | though DNR has the authority to impose 
through an innovative approach. [The would pay for 90% of the controls on the menting the threat to Wisconsin, the intent, but weak in terms of substantively standards. Rules’ must be developed and __ stack height regulations which are more 
only Wisconsin co-sponsors were Aspin 50 largest utility sources, and the remain- Wisconsin legislature and DNR have addressing the problem of acid rain — implemented which ensure attainment stringent than the federal EPA 
(D-Ist District), Kastenmeier (D-2nd der of the funds would be apportioned taken the position that some state action although they were admittedly never and maintenance of the standards regulations. 
District) and Obey (D-7th District)]. The among the other sources which must _ is indeed justified now. However, actions designed to do so. Wisconsin cannot be _ through use of reasonably available con- The most notorious example occurred first phase of the bill would require the 50 make reductions. The Office of Technol- taken by both the legislature and DNR content to impose a quasi-cap, and trol technology. : in Green Bay. Even though DNR 

*Passed by the Natural Resources Board 9/26/84 

L VIEW ’ eR ns aqui eg ei - 2 THE INDUSTRIA NS <8 we eee 
blending of different sulfur content coals, switch- Oe owl cee (| Noo < ae si Sc SEES IN ies 
ing to lower sulfur coal, installation of flue gas oS Os WZ: Sas NERS ae BY SS A 
desulfurization equipment, early retirement of Se “ae a ed i {> 3 mata SERRE Sel Na I 
older plants, increased energy conservation and S SS a ; Pee id £ hy g LZ hin, pe \ eee ws 
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By examining such a range of options and RS a 4 p — ene pies OS x ica eee : 
associated costs, policy-makers will be in a better SSN \ | KE R ws Sek SSO Sa OM 
position to respond to federal legislative propos- § SSS * Sa ee J) LS SY Ss Lae ag = hs 
als or to understand the cost implications of ini- 3 ——— ee op of eh UR rae AS So eS tiatives that might be proposed at the state level. ———— |i ZUG ‘ rr ie ai = Bee ei eS GeeRo 
Wisconsin’s utilities feel this is an important issue B22 | i] 4 f we Eh See E 4 a ae ae 2 
to our customers - the citizens of Wisconsin- since Se a lj E a ‘ Fa e re Nl c yi 
some proposed federal legislation could raise elec- aaa I = % , ; , #8 Sige S : Be ove tric rates by 25% or more. Pea a ie ea eo” ie ge nee ee SO A 

In the meantime, the legislature has also ay || | b> H = av ‘ r\ c.f &., Pl So DE Spee ke 
enacted a bill which limits major utility sulfur Sa |e ak | = ve ee iA alle NN A oe a OP ary on ee 
dioxide emissions while research is conducted to Snel a ¥ > I a Fe REC Dia ep en a e 
determine whether further reductions are needed. es ] | Q i) [ eS ng DS? TENE Se Ph evant ee ae a RRR AL, a 

As a result of foresight and cooperation ee ial i} S Ps oS ee Fe estes Poeg v Si a yt LENG ices 
between state government and utilities, Wisconsin —— y | I] S dee VAM Pe a Re ee Nu a phe Sp Se Nandcesee ieee 
is in the unique position of having established a — | aX DE air Ane Panne ap ake ag hel eae ae | = County 
decision-oriented acid deposition research pro- — | \ i WN . =a % Pine soe é Bedi ae a é The amount of acid 
gram. Over the next two years, this research will == |i v Ii \S J FS SOS UES ae SR CEG nt Se ee loading from the _ 
provide the information policy-makers need to == i) Ly | II NN aa PEDO Nae — eer ea are 2 cs eee eee eats oe 
make rational judgements about the issue. The Bees 1 H a r | a AS ae ERR eal Oreos ts (ay Be = P ty nM ores Dees Studies here analyze the 
largest threat to Wisconsin’s overall well-being =) |) \ q INS / BU Oe SUES Ra Sk 7 go a Per SAME SRG OIRNOS Saale, water and chemical 
comes not from deferring action, but from acting : ) SAS BS BNGN le Er es ye eS MK: papmennre: ee budgets as well as the 
before the facts are in. We have the time and the aah SONY ees ea ee : Vi Seg ce st eer biota. Photo by Katherine 
ability to make a rational decision. Let’s use them ! EAN ae , a ocean ae a al 
wisely. Stack heights are the subject of a national controversy. Photo by Dennis Yockers 
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imposed a “‘cap”’, taller stacks there will Finally, the Wisconsin research effort ble to our priceless resources. Delaying | ; 2 ? a i ae 5 
allow a potential 64% increase in emis- must be broadened to include areas cur- state action and waiting for a federal law : % i bs 3 a 2a ae | 
sions over 1982 levels, and a 41% _ rently being ignored. According to the is a gamble which risks the Wisconsin 4 3 ad 
increase over average annual emissions first annual report, research is needed to ecosystem. Environmental treasures } fea . 

from 1979 to 1981. DNR also recently determine effects of acid rain on Wiscon- could be lost before a national consensus ‘ F ie : “| 
allowed GEP stacks in Peshtigo, Rhine- sin farmland and crops; on manmade on control is achieved. For the sake of | ee ae : : OES) ) ) : ee 
lander and Rothschild. Both the states of materials such as buildings, highways, current and future generations, the Wis- | wt 
Michigan and Minnesota have joined bridges, culverts and statuary; on mam-_ consin legislature and DNR must refuse a 
Wisconsin environmentalists in pro- mals, birds, amphibians and reptiles; on such a dangerous gamble. 7 \ i 
testing these approvals. the economy; and on control strategies : 

Although DNR has allowed stack for sources. Of these, research on forestry \ - 

height increases up to GEP, it did testify and materials damage would be of high- : 
before the Public Service Commission to est priority. Research on materials dam- ? . j Se aos: 

prevent a major utility from constructing age is especially needed in southeast f so) ; f & 

a stack above GEP. Fortunately, recent Wisconsin, which is receiving the highest eee : y. Ra : — 

court decisions will force EPA to promul- acid loading in the state, and which has Re ee 
gate more stringent stack rules. These the greatest population density and con- : a ET HS ne a 
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