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The Standing Technical Committee- on Synthetic Detergt'nts was appointed by 
the Minister of Housing and Local Government, in consultation with the 
Secretary of State for Scotland on 9th January 1957_ The Committee's terms of 
reference are as follows:-

To keep under review any difficulties or risks of ' difficulties arising in 
sewage treatment works, natural waters and water supply as the result of 
the use of surfactallts and associated products; 
To advise on the potential effects upon the use of surfactants and associated 
products in the United Kingdom of any action proposed by international 
agencies; 
To encourage and assist the co-ordination of appropriate research by 
by manufacturers of detergents and intermediate ma1erials and related 
products ; 
To recommend as necessary, the carrying out of suitable research; 
To report progress at intervals of not more than 1 year. 

The members who served on the Committee in the period covered by this 
report were: 
D H A Price, CBE, BSc, CChem, FRIC, CEng, FIChemE, FIWES, 

PPlnstWPC (Chairman) 
G Ainsworth, BSc, PPJnstWPC(Dip), FIPHE, FIWES 
G K Ashforth, BSc, PhD, CEng, MIChemE 
P I Brittain, B Sc 
G E Eden, BSc, CChem, FRIC, FlnstWPC, FIWES 
J K Foreman, DSc, CChem, FRIC (resigned September 1977) 
H R Galleymore, MA, Hon DCL, CChem, FRIC, CEng, FIChemE 
PH Garnett, CChem, FRIC, FIWES, MJnstWPC, (from April 1977) 
N Harkness, BSc, PhD, FlnstWPC 
J Leicester, OBE, CEng, FIChemE, AIMarE, CChem, FRIC, 

FTJ, FGCL 
R Lloyd, BSc, FIBiol, FZS 
W McCamley, BSc 
G K Matthew, MBE, MD, BChir, MSCM, DTMCH (from March 

1978) 
T W Raven, BSc, CChem, FRIC, MlnstWPC, FIW ES 
J R Reid, MB, ChB, DIH, DPH, FRCS (Resigned November 1977) 
E L Shepherd, B Sc 
A Taylor, MPS 
E Windle Taylor, CBE, MA, MD, DPH, FRCPath, Hon FIPHE, 

FIWES 
G A Truesdale, BSc, MIWES, FIPHE, FInstWPC 
S T Walter, BSc, PhD, CChem, FRIC 
T Waldmeyer, BSc, CChem, FRIC, MlnstWPC, FIPHE 
L B Wood, BSc, CChem, FRIC, FIPHE, MlnstWPC 
R Wood, BSc, PhD, CChem, FRIC (from November 1977) 
J L Vosser, BSc, CChem, MRIC (Secretary) 

NOTE: Members are appointed to the Committee by the Secretary of State 
with the approval of the Secretary of State for Scotland, and in the case of 
members with industrial affiliations, after .consultations with the Confederation 
of British Industry_ Members serve in an individual capacity. Further details 
concerning the membership are recorded in Appendix At. 
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NINETEENTH PROGRESS REPORT--­
OF THE STANDING TECHNICAL COMMITTEE 

ON SYNTHETIC DETERGENTS 

To: The Right Hon Peter Shore, M.P. 

Secretary of State for the Environment 

Sir, 

We have the honour to submit to you our Nineteenth Progress Report. In 
the period covered by the Report, the Committee has met on three occasions, 
the Technical Sub-Committee once and the Analytical Working Group on four 
occasions. 

The Committee are grateful to the Water Authorities and other bodies for 
their helpful co-operation in supplying analytical and other data without which 
it would not be possible to review the position. 

1. MEMBERSIllP 

1.1 Full details of the Membership of the Committee and its associated sub­
sidiary committees may be found in Appendices Al and A2. 

1.2 Dr J K Foreman resigned from the Committee in September 1977 on 
taking up other duties within the Department of Industry . We thank him for 
his invaluable services to your Committee for many years and also for his able 
Chairmanship of the Technical Sub-Committee. Dr R Wood (Deputy Director, 
Resources, of the Laboratory of the Government Chemist) of the sa me Depart­
ment was appointed to the Committee in November 1977 to fill the vacancy 
created by the resignation of Dr J K Foreman. Dr Wood has taken over the 
Chairmanship of the Technical Sub-Committee. 

1.3 We would also like to record our appreciation of the services of Dr J R Reid 
of the Department of Health and Social Security to your Committee and of 
Mr I Forsyth, of BP Oil Ltd, to the Technical Sub-Committee. The vacancie~ 
created by these changes have been filled respectively by Dr G K Matthew and 
Miss M McCaw (also ofBP Oil Ltd.) . 

2. REVIEW OF THE POSITION 

In the period of monitoring under review, no difficulties attributable to 
surface active agents were reported either in the operation of sewage treatment 
and water supply plants or in rivers. In view of this, we do not propose to repro­
duce in this report all of the data made available to the Committee, but rather 
to present in Appendices Band C, selected data for areas of particular interest 
which will enable continuity to be maintained over the period 1975 to 1977. 

3. SURFACTANT LOADING IN CRUDE SEWAGE 

The Eighteenth Report made reference to a survey of certain treatment 
works in the area of the Thames Water Authority which suggested that over 
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the period 1972 to 1976 there had been a decrease in the per capita load of 
anionic surfactant in crude sewage which was not necessarily accompanied by a 
change in the load arising from the Biochemical Oxygen Demand (BOD). We 
have sought the further co-operation of the Thames Water Authority and also of 
the other Water Authorities represented on your Committee to investigate 
more fully the reasons for these changes and to determine whether they were 
occurring in other areas ofthe United Kingdom. Changes in the concentration of 
anionic surfactant and BOD noted in Stevenage crude sewage were also 
investigated. 

The appropriate techniques of statistical analysis have been applied to the 
data to determine whether or not there were any significant trends to be estab­
lished from the information. Whilst it is possible to identify significant changes 
at a number of sewage treatment works at the 95 % level of probability, the 
reasons for these changes have not been found. Your committee will continue 
investigations into the matter. 

4. CONSUMPTION TRENDS 

The data on production for UK consumption for 1977 are presented in 
Appendix D. The quantities attributable to ancillary washing powders and 
surface cleaning materials have been deducted from the total tonnages for 
earlier years to enable comparisons to be made with the 1977 data. These 
products are mainly based on chlorine bleaches and are not therefore considered 
to be relevant. 

It will be evident from the data the changes are minimal and likely to be 
within the error of the estimations. 

5. TECHNICAL SUB-COMMITTEE 

5.1 Members of this Commttee who form the Analytical Working Group 
have continued work on the preparation of analytical methods for the deter­
mination of surfactants in crude sewage, sewage sludge, effluents and natural 
waters as a contribution to the series of analytical methods to be published by 
Her Majesty's Stationery Office on behalf of the joint National Water Council! 
Department of the Environment Standing Committee of Analysts. 

5.2 The "Guidlines for Data Presentation" for use in connection with the 
Voluntary Notification Scheme, prepared by the joint Technical Sub-Committee! 
Soap and Detergent Industry Association working party, under the chairmanship 
of Mr C R Pearson, have now been published and may be obtained through the 
Secretary of your Committee . 

6. RESEARCH 

6.1 The Stevenage Laboratory of the Water Research Centre (WRC) has 
continued to carry out research under contract on behalf of the Committee. 

6.2 The concentrations of anionic and nonionic surfactants in the River Lee 
at Lemsford have continued to be monitored. 
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- ....,. 
These have remained low with a mean concentration of anionic surfactant 

of 0-20 mg/I and of non ionic surfactant 0-04 mg/I, compared with mean values 
for the corresponding period in 1976/1977 of 0·26 mg/I and 0·07 mg/l respectively. 

6.3 The performance of the two biological filters treating Stevenage sewage 
has shown that the mean removals of anionic and nonionic surfactants has been 
97·5 and 95·5 per cent respectively. The concentration ranges and averages in 
the sewage were as follows: 

Anionic 
Nonionic 

Concentration (mg!l) 
Range Average 

17·8-26·4 23·0 
0·8- 3·0 1·8 

6.4 The following table shows the changes in the mean annual concentrations 
of some determinands in Stevenage sewage:-

TABLE 1. CONCENTRATION OF SOME DETERMINANDS 

IN STEVENAGE SEWAGE 

Year BOD NH3 as N Anionic detergent 
(as Manoxol aT) 

mg!1 

I 
1971 278 51·0 28·9 
1972 281 49·7 31-3 
1973 295 51·2 31·0 
1974 267 44·9 27·6 
1975 305 47·5 26·7 
1976 292 48·5 28·0 
1977 257 50·1 23·0 

The concentration of anionic surfactants in the sewage in 1977 is low but 
it is not possible to say whether or not this is significant. A decrease in the 
concentration of nonionic surfactants was noted from 2·3 mg/l in 1976 to 
1·8 mg/l in 1977. 

6.5 Experimental work has been completed on the comparisons of the removal 
of surfactants by activated sludge grown on phosphate deficient and phosphate 
enriched EEC synthetic sewage. Tetrapropylene benzene sulphonate was the 
only surfactant which did not show an increase in the proportion removed when 
adequate phosphate was present, but the removal was low and highly variable. 

This work has also shown that the lower removal Qf alkyl phenol ethoxylates 
at lOoC compared with 20°C was not caused by a deficiency of phosphate 
nutrient but was due to the effect of temperature. 
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6.6 The following table presents the results of experiments designed to deter­
mine the reproducibility oftheEECHusmann and WRC POROUS-POT methods:-

TABLE 2. REMOVAL OF. VARIOUS SURFACTANTS 
(MEAN V ALVES FROM 4 VESSELS OF EACH TYPE) 

Sueractant I Percentage removed 
I 

EEC units WRC units 

SH30 99 (± O) 99 (± 0·5) 
IN 96(± 0·6) 96 (± 1'0) 
NPlO 87 (± 1'9) 84(± 1'4) 
IN+ TBS 86 (± 0·8) 83 (± 5'0) 

3:1 
IN+ TBS 78(± 1'7) * 

3:2 
TBS 28 (± 1·4) 35 (±2·0) 

*Not tested. 
Values in brackets are actual standard deviations. 
IN= Dobane IN sulphonate; TBS=tetrapropylene benzene sulphonate; 
NPlO= Marlophen (alkylphenol ethoxylate) 
SH30= Nonidet SH30 (alcohol ethoxylate) 
The results indicate that for surfactants biodegraded to at least 80 %, a test 
carried out by either method could be expected to produce a reliable result. 
For the less easily degraded materials the value of the relative standard devia­
tions (RSD) of the mean results from 4 vessels were low but the RSD values 
for the mean of each unit were much higher (up to 33 %), so that to obtain 
a reliable result a number of vessels should be used. 

6.7 The draft EEC directive on the biodegradability of nonionic surfactants 
incorporates both the Husmann and WRC Porous-Pot methods as the test 
procedures and work has been carried out to establish the nature and size of the 
bacterial inoculum required to obtain optimum results in both procedures. 
The draft procedure requires the addition of 1 ml of sewage, sewage effluent or 
soil extract per litre but this did not give any advantage presumably because 
the treatment units were inoculated by aerosols from nearby activated sludge 
plants treating domestic sewage. The acclimatization period in the case of a 
readily biodegradable Jlnionic surfactant in the test was greatly reduced by 
adding 2·5 g activated sludge per litre but not for a poorly degraded material. 
It was found that there were no adverse effects upon the test when the synthetic 
sewage used was prepared daily by dilution of a concentrated stock solution 
made up weekly and stored at 1°C. It was found necessary to collect 24 hourly 
composite samples for analysis because of hourly variations in quality, particu­
larly when poorly degraded surfactants were being studied . 

6.8 The assessment of the biodegradability of compounds, for which there 
are no specific analytical methods, has to be carried out using a general test 
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such as Total Orgaruc Carbon (TOe) and experimental ~rk has been directed 
at the evaluation of the use of changes in TOC as an indicator of biodegrad­
ability using "soft" (Dobane IN sulp honate) and "hard" (tetrapropylene 
benzene sulphonate) surfactants in the EEC screening and confirmatory test 
procedures. In the screening ("d ie-away") test the proportion of the "soft" 
material removed, varied consider ably from test to test, (39- 63 %) as assessed 
by TOC measurements; the proportion rem oved as assessed by the methylene 
blue active substances (MBAS) test was much higher and more consistent. 
With the "hard" material, up to 4 % of the TOC disappeare d in contrast to 
23 % of MBAS. The following table summarises the work carried out so far:-

TABLE 3. BIODEGRADABILITY OF TWO ANIONIC 
SURFACTANTS ASSESSED BY MBAS AND TOC 

Percentage removed 

Anionic Die-away test Confirmatory test 
Surfactant 

MBAS TOC MBAS TOC 

97 47 
90 39 93 76 

IN 95 45 96 87 
93 53 97 82 
92 55 
96 63 

Av. 94 50 95 82 

70 69 
TBS 23 0 58 80 

23 4 74 46 
Av. 23 2 67 65 

6.9 Experiments have been carried out to attempt to identify the intermediate 
products of biodegradation of Dobane IN sulphonate subjected to the EEC 
"die-away" (screening) test. Some of the organic carbon remaining has been 
identified by concentrating the sample, desulphonating, and then carrying out 
an analysis on the product using gas liquid chromatography. 

In the samples taken up to Day 8, 26 identifiable hydrocarbons were found, 
these being formed from the original alkylbenzenesulphonates by desulphona­
tion. After 13 days, when 84 % removal of MBAS was achieved, most of these 
compounds had disappeared and a series of 8 new compounds were identified. 
These were alkyl derivatives of indanone and tetralone formed by desulphona­
tion and ring closure of Dobane IN derivatives with partially oxidised side 
chains. Other derivatives were still present in the reaction products at concentra­
tions in the range 200-500 fLg/1 after 44 days. 

Another experiment was conducted -using the Husmann technique and 
the same surfactant. The results were much more variable and the concentrations 
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of the 8 substances (indanones and tetralones) were found to be much lower. 
It is intended to make further analyses when the plants have been running for a 
much longer period. -

6.10 An automated method for the determination of nonionic surfactants in 
samples from "die-away" tests using ammonium cobaltithiocyanate has been 
established. Conventional equipment has been modified in respect of the phase 
separation and the flow cell to improve the separation of the aqueous and 
chloroform phases and to prevent the accumulation of fine air bubbles which 
give spurious absorbances. 

Nonionic surfactants in the concentration range I to 10 mg/I can be 
accommodated with a standard deviation of 0·2 mg/I at the upper concentration 
value. The method is not particularly rapid with a sampling rate of 3 samples per 
hour and 18 to 20 samples per day, but it is faster and less tedious than 
manual methods. It cannot in its present form be applied to sewage samples 
because of emulsion formation . 

7. PHOSPHATES 

7.1 During the period under review the attention of your Committee was 
drawn to various reports in the national and technical press concerning the 
deterioration in the condition of the Norfol k Broads. We are pleased to note 
that your Department is jointly funding with the Anglian Water Authority, a 
3 year programme which will studyeurophication of the Norfolk Broads and 
that a steering committee is to be formed on which your Committee will be 
represented. We understand that additionally the Anglian Water Authority is to 
carry out a programme of work on the removal of phosphorus from the final 
effluent of one of the sewage treatment works which discharges its effluent into 
one of the Broads. 

7.2 A report (1) entitled "Phosphorus: A Resource for UK Agriculture" was 
brought to the attention of members of your Committee because reference was 
made to the need for detergent phosphates to be replaced by other materials. 
Substitution of detergent phosphate continues to be the subject of much debate 
and indeed we have in several previous reports(2) discussed the matter in detail 
and could find no justification for such a replacement. Whilst we remain of the 
same opinion on both technical and economic grounds, we shall continue to 
keep this subject under review. 

8. SUMMAR}' 

8.1 In the period under review there were no reported instances of problems 
arising from the use of surfactants in the United Kingdom in either sewage 
treatment or rivers, the use of river water and the supply of potable water 
drawn from rivers. 

(1)Phosphorus: A Resource for UK Agriculture, Centre for Agricultural Strategy, 
University of Reading CAS Report No 2. February 1978. 

(2)Reports of the Standing Technical Committee on Synthetic Detergents 
Nos X, XI, XII, XIII, XV and XVllI. London HMSO. 
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8.2 In general, few of the reported decreases in anionic surfactant concentra­
tions in crude sewage have any significance statistically at the 95 % level. No 
reasons for the observed decreases which are significant have yet been found . 

8.3 Experimental work on the removal of both anionic and nonionic surfactants 
in the OECD and WRC POROUS POT tests has shown that if the surfactant is 
biodegraded to at least 80 %, then the results obtained in either test would be 
acceptable in terms of the EEC Directives. To obtain reliable results for 
surfactants of low and not readily biodegradable material, a number of tests 
should be carried out by either method. 

8.4 An automated analytical method has been developed for the detem1ination 
of nonionic surfactants, using ammonium cobaltothiocyanate, in samples of 
river water and effluents but not in sewage. 

8.5 Your Committee remains of the opinion that in the foreseeable future in 
the United Kingdom there will be no necessity to introduce phosphate sub­
stitutes in detergent formulations but will nevertheless continue to investigate 
this subject. Your Committee will continue to take an active interest in the 
research work and other studies which are being carried out by various bodies 
on certain of the Norfolk Broads in an attempt to establish the cause of the 
change in the ecology which has been noted. 

We have the honour to be, Sir 

Your obedient Servants, 

D H A PRICE (Chairman) 

G AINSWORTH 

GKAsHFORTH 

P I BRITTAIN 

G E EDEN 

J K FOREMAN 

H R GALLEYMORE 

PH GARNETT 

N HARKNESS 

J LEICESTER 

R LLOYD 

G K MATTHEW 

J. L. VOSSER 

Secretary 

31 December 1978 
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W MCCAMLEY 

T W RAVEN 

J R R EID 

E L SHEPHERD 

A TAYLOR 

E WINDLE TAYLOR 

G A TRUESDALE 

T WALDMEYER 

S T WALTER 

L B WOOD 

R WOOD 



APPENDIX At 

Membership of the Main Committee 

NAME 

Mr D H A Price (Chairman) 

Mr G Ainsworth 

Dr G K Ashforth 

Mr p. I Brittain 

Mr G E Eden 

Dr J K Foreman 

Dr H R Galleymore 

Mr P H Garnett 

Dr N Harkness 

Mr J Leicester 

Mr R Lloyd 

Mr W McCamley 

Dr G K Matthew 

Mr T W Raven 

Dr J R Reid 

M r E L Shepherd 

Mr A Taylor 

Dr E Windle Taylor 

OFFICIAL ApPOINTMENT 

Consultant Chemist. 

Director of Scientific Services, North West 
Water Authority. 

Professional Relations Manager, Procter 
and Gamble Ltd. 

Technical Director, Brent Chemicals Inter­
national Ltd. 

Assistant Director, Water Research Centre, 
Stevenage Laboratory. 

Deputy Government Chemist, Laboratory 
of the Government Chemist. 

Retired . 

Superintending Chemist, Chemical Division 
of Water Engineering, Department of the 
Environment. 

Co-ordinator (Treatment Processes) Severn­
Trent Water Authority. 

Chairman of Effluent and Water Advisory 
Committee. Consultant. 

Deputy Chief Officer, Salmon and Fresh­
water Fisheries Laboratory, Ministry of 
Agriculture Fisheries and Food. 

Chief Inspector HM Industrial Pollution 
Inspectorate for Scotland, Scottish Develop­
ment Department. 

Principal Medical Officer, Department of 
Health and Social Security. 

Assistant Director of Operations (Scientific 
Services) Yorkshire Water Authority. 

Senior Medical Officer, Department of 
Health and Social Security. 

Technical Service Manager, Shell Chemicals 
UK Ltd. 

Corporate Technical Manager, Albright and 
Wilson Ltd. 

Retired/Consultant. 
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M r G A Truesdale 

Dr S T Walter 

Mr T Waldmeyer 

MrLBWood 

Dr R Wood 

Mr J L Vosser (Secretary) 

Partner, Balfours, Consulting Engineers. 

Quality & Development Controller, Lever 
Brothers Ltd. 

Retired/Consul tant. 

Assistant Director of Scientific Services 
(Pollution Control) Thames Water 
Authority. 

Deputy Director (Resources), Laboratory of 
the Government Chemist. 

Department of the Environment. 
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APPENDIX A2 

Technical Sub-Committee, Standing Technical Committee on 
Synthetic Detergents 

J K Foreman, DSc, CChem, FRIC (Chairman to September 1977), Laboratory 
of the Government Chemist, Department of Industry 

G K Ashforth, BSc, PhD, CEng MIChemE, Proctor and Gamble Ltd 

P J Brittain, BSc, Brent Chemicals International Ltd 

D Burns, BSc, CChem, FRJC, Scientific Branch, Greater London Council 

I Forsyth, BSc, *BP Oil Ltd 

P A Gilbert, BSc, PhD, CChem, MRJC, Unilever Research, Port Sunlight 
Laboratory 

E Johnston BSc, Albright and Wilson Ltd, 

R Lloyd, BSc, FIBiol, FZS, Salmon and Freshwater Fisheries Laboratory, 
Ministry of Agriculture, Fisheries and Food 

Miss M McCaw, BSc, *BP Oil Ltd 

H A Pa inter, BSe, PhD, CChem, MRIC, *Water Research Centre, Stevenage 

Miss S J Patterson, BSc, PhD, CChem, FRIC, MlnstWPC, *South West Water 
Authority 

C R Pearson, MA, Imperial Chemical Industries Ltd 

A T Pugh, CChem, FRIC, *Lankro Chemicals Ltd 

M Purvis, BSc, MSc, PhD, *Finham Regional Laboratory, Severn-Trent Water 
Authority 

C C Scott, BSc, CChem, MRIC, *Laboratory of the Government Chemist, 
Department of Industry 

P A H Sperring, BSc, CChem, FRIC, FRSH, MJWES, Thames Water Authority 

A H Turner, MA, BSc, DPhil, Shell Research Ltd 

R Wood, BSe, PhD, CChem, FRIC (Chairman from November 1977), 
Laboratory of the Government Chemist, Department of Industry 

J L Vosser, BSe, CChem, MRTC (Secretary ), *Department of the Environment 

Other members of the staff of the Water Research Centre (Stevenage 
Laboratory), of the r:aboratory of the Government Chemist, MAFF and 
DHSS and of other participating laboratories attend meetings as required . 

Note: *denotes membership of the Analytical Working Group. 
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APPENDIX B 

ANGLIAN WATER AUTHORITY 
ANIONIC SURFACTANT ~ BORON CONCENTRATIONS 

IN SELECTED RIVERS 

Period ; 1 April 1976 to 31 March 1977 

ANIONIC SUR FACTANT 
mg/l (M a noxol OT) 

R IVER/SAMPLING POINT 
No of 

Samples Min M ax 

STOUR 
Wi xoe Intake .. .. .. . . 56 
Langham Intake . . .. .. 55 

BLACKWATER 
Langford Intake .. .. .. 54 

CHELMER 
Langford Intake . . .. . , 53 
Springfield Mill .. .. .. 160 

MARDYKE 
A 13 R oad Bridge .. .. .. 44 

G R EAT OUSE 
Brac kley A422 Ro ad Bridge . . 12 
Old Stratford A5 Road Bridge 14 
Newport Pagna ll A422 Road Bridge 18 
Kempston .. .. .. .. 20 
Roxton . . . . 4 
St. Neo ts A45 ' Road Bridge .. 16 
Offo rd Cluny Intake .. .. 23 
Earith A 1123 R oad Bridge . . .. 56 

(I) Adelaide BI382 R oad Bridge . . 18 

(2) Hilgay Bridge Ten Mile Bank . . 16 
(3) Ten Mile Denver Sluice .. 45 

(I) Approximately 3 km downstream of Ely 
(2) Approximately 19 km downstream of Ely 
(3) Approximately 24 km downstream of Ely 

< 0·02 0·70 
< 0·02 0 ' 15 

< 0·02 0·19 

< 0·02 020 
< 0·02 0·20 

< 0·02 0·31 

0·02 0·05 
< 0·02 0 '06 

0·02 0 ' 15 
0·02 0 ' 11 
0 ' 10 0'17 
0·02 0·17 
0·02 0·17 

< 0·02 0 ' 19 

0·04 0 ' 14 

0 ·02 0·10 
< 0·02 0 ' 19 

No of 
Mea n Samples 

0 ·09 8 
0·05 10 

0 ·06 12 

005 10 
0,04 I3 

0 ' 11 II 

0·03 5 
0·03 II 
0·08 15 
0·07 13 
0 ' 14 3 
0·09 23 
0·09 30 
0·07 14 

0·09 9 

0·05 5 
0 ·04 8 

BORON 
mg/I 

Min Max 

0·07 0·48 
< 0· 1 0·46 

< 0·05 0·40 

< 0 0 1 0·37 
< 0·0 1 0·42 

< 0' 10 1·60 

0· 11 0 '53 
0 ·09 0 ·47 
0 ' 14 I 'OB 
0 ' 18 0·85 
1·05 1·64 
0·15 1' 13 
0 ' 10 1' 15 
0 ' 16 0·98 

0·21 0·72 

0·20 0·35 
0 ·08 0 ·40 

Note : The 3 samples taken a t Roxton a re not representa tive of the yea r as a whole : 2 were taken in July and I in September. 

12 . 

Mean 

0 '27 , 
0·22 

0·20 

0·15 
0 ' 16 

0 '56 

0·27 
0·24 
0·53 
0·53 
1·26 
0·63 
0·69 
0·62 

0 '49 

0·27 
0'22 
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APPENDIX D 

DATA ON PRODUCTION FOR UK CONSUMPTION 

(Thousanq Tonnes) 

1973 1974 1975 1976 ------
Toilet Products-Toilet Soap _ _ _ _ -- -- n -o 75-2 75-0 92-6 

-Shaving Products and 
Shampoos (based on soap) -- 7-7 9-2 8-3 9-2 

Household and Industrial Soaps -- -- -- 63-1 58-5 55-2 53-8 
------

Total 'Soap' Products __ -- _. .. -- 142-8 142-9 138-5 155-6 ------
'Detergent' Products 

(a) Washing Powders (Fabrics)" _. .. .. 372-2 383-9 365-0 352-4 

(b) Washing Powders (Machine Dishwash) .. .. 4·0 4-1 5-4 5-5 

(c) Surface Cleaning Powders __ -- -- -- 13-5 13-5 12-0 11 -0 

(d) Synthetic Liquid Products-Fabric Washing -- 4-0 3-5 3-5 2-3 

-Dishwashing -- 130-0 133-0 137-0 137-0 

-Fabric Softener -- 24-0 35-0 41 -0 47-0 

(e) Scourers -- -- -- -- -- -- 67-3 59-3 55-4 58-9 
---------

Total 'Detergent' Products -- -- -- -- 6 15-0 632-3 6 19-3 614-1 

"Includes Soap Powders. 

1977 ---
83-0 

11 -5 

55-1 ---
149-6 
---

362-5 

4-0 

9-2 

2-1 

154-1 

52-9 

54-4 ---
639-2 

The above data were provided by the Soap and Detergent Industry 
Association. These figures cover the UK production of soap and detergent 
products for UK consumption. 

The following quantities of surfactants are estimated by the industry to 
have been placed on the United Kingdom domestic product market in 1977: 

Anionic 68,500 tonnes 
Nonionic 16,000 tonnes 
Cationic 3,300 tonnes 

The Group for Organic Surfactant Intermediate Products (GOSIP), a 
Sector Group of the Chemical Industries Association, estimate the consumption 
of synthetic surface active agents in the United Kingdom for 1977 to be as 
follows: 

Anionic surfactants: 105,000 tonnes 
Nonionic surfactants: 44,~00 tonnes 
Cationic surfactants: 8,500 tonnes 

(expressed as 100% active material). 
The differences between the tonnages quoted above and those provided by 

the Soap and Detergent Industry Association represents the use in toiletries, 
the industrial usage of surfactants and the exports of finished products which 
are not included in the industry data. The majority of industrial uses of sur­
factants would lead to their discharge via trade effluent to sewage works. 
Some uses however, eg in paints, may not involve any appreciable environ­
mental impact. 
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Author has 
tracked acid 

• raID 

P AUL G. HAYES first wrote 
abo\iL acid raill 12 years a~o. 
Nhen. as environmental report­

er fer The Milwaukep. Journal, he 
covererl the United Nations Confer-

... ence on the Human Environment In 
Stockholm, Sweden. 

That conference brought togethcl 
scientists and policy-makers from all 
over the world. They were respond­
ing to a public outcry against threats 
to natural values by industrial neg­
lect, unrestrained development, pop­
ulation growth and new chemical 
c9,.1l'lpounds. 

At that conference, Swedish re­
searchers presented evidence that t"P. 
life In some lakes in Sweden had 
been killed by Increased acidity of 
the water. Forest damage also was 
noted. The Swedes blamed sulfuric 
acid that they believed was coming 
'trom industrial centers in Britain and 
Germany. 

Twelve years later, the issue still Is 
very much with us. Canada, like 
Sweden, believes that Its lakes and 
forests are being harmed and It 
wants joint action with the US in 
controlling atmospheric acids. 

The issue is technically complex 
and geographically widespread. 

Paul Hayes 
" 

Much of the story has been told in 
bits and pieces. To put the subject 
into context, Hayes followp.d sulfur 
through commerce and the environ­
ment. He visited a coal mine in Ken­
tucky, a power plant In Oak Creek 
and a maple forest In Ontario. 

He sought to place sulfur, the main 
culprit in the acid-rain problem, into 
perspective as this element moves 
from south to north, sometimes as a 
valuable chemical, sometimes as a 
damaging pollutant. 

Hayes, 50, of Cedarburg , joined 
The Journal Staff in 1962 and has 
been environmental, energy and, 
now, science reporter. 

The Milwaukee Journal 
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MAIN ACTOR - This Is sulfur, a valuable chemical In industry and 
the main al!tor in the acid rain controversy. Harmless In pure form , 

r E ACID TUAIL J 

-Journal Photo by Allen C. FrlK1rlcbon 
when burned It forms sulfur dioxide gas. In sunlight, the gas be­
comes sulfuric acid. Result : Haln in the Ea3t Is diluted acid . 

Riding the ill winds of sulfur 
By Paul G. lIayes 

Journal Sdenct Rt"ponf'f 

AD fSONVILLE, KY , 
Abou t 450 nllips south 01 
Oak Creek, Wis" in the Co· 

loma l coa l mine west of htre , 143 
unlun 11I1I1t!t"S work in slufts around 

lock digging out the seam of-' 
nown as Kentucky No.9. ' 

d 500 miles east and slightly 
n of Oak Creek , the people of the 
Muskoka district of Can~da worry 
• bout their lakes and trees. 

I e people 01 Oak Creek and all 01 
Iq I' eastern Wisconsin depend upon 
t~ umble, old Oak Creek power 
plant of Wisconsin Electric Power 
Co for much 01 their electricity. .. 

Kentucky miners, Milwaukee elec-
U , users and Canadian resort 
01 rs all are entangled in a com· 
pi chemical web involving a pale 
)'ellow element: sulfur. In the forms 
we will emphasize, sulfur becomes 
In . ble but potent. 

mmercial sullur moves by pipe· 
Ii barg~ rail and truck. Polluting 
5 ,,'.r l1I~es by wind, rainfa ll and 
water currenl. As it does, it aHects 
everything it touches . 

Touche. everyone 
I directly , it touches human lives, 

including yours. It Implicates jobs 
and companies. It aHeclS the quality 
0' ur life, and it cats Into your bill· 
I or pu rse. 

is story about acid rain begins In 
~ _"tern Kentucky, where two huge 
Bucyrus·Erie draglines, manufac· 
III d in South Milwaukee, bite Into 
t I arth of the Colonial mine . 

ch dragline bucket, lined with .. 

5ix steel teeth each as big as a man, 
chews into 80 feet of soil and rock 
that lie over the seam of coal 

With each bite, 75 cubic yards of 
earth and stone are removed. Envl · 
sion a barrier 3 leet high, 3 feet wide 
and 225 feet long. That's the amount 
of material in each monstrous buck· 
Nful as It swings overhead, drooling 
earth and stones beneath It. 

This eating away at the earth goes 
on 24 hours a day, seven days a 
week. Although the power plant of 
each dragline Is the size of a 10-story 
building, it takes only three men to 
keep the draglines working. 

They are among the 143 United 
Mine Workers union members work­
ing at Colonial mine. Colonial mine Is 
one or several that maintain Madl· 
sonvilie's reputallon as a coal·mlnlng 
town. People here want to be coal 
miners, as their grandfathers and 
lathers were 

Bulldozers clean the top of the 
exposed coal seam by pushIng loose 
rock and soi l to the sIde. The coal bed 
looks like a black pavement before It 
is lilled out of the pits by shovels and 
dumped Into waiting trucks. 

Make way 
Signs throughout the mine pro· 

claim that coal ·laden trucks have the 
right of way. So urgent Is the effl· 
cient and unending flow of coal to 
mining profits, mining unions and 
commerce that eve rything and 
everybody make way for the giant 
trucks. 

T HE mUCKS CLIMB deliber· 
ately out " f the pits and rush 
their load to a bridge with a 

grid for a surface. The bottom of lhe 

coal truck 0P':IlS anu coal tail s 
hrough the grid . Conveyors move 

the coal Into the washing house, 
",·h.re It Is crushed to uniform size 
and washed to remove pyrite and 
other noncombustlbles. 

Twice a week, trains from Wis· 
eonsln arrive at the mine and pull 
under the loader. It take' about lour 
hours to :~~d one train. 

The long trains leave the Colonial 
mine and two other mines In south· 
ern Ullnnls and western Keptucky 
burdened with coal. They mo ve 
north, passing prairIe towns In east· 
ern illinois: Effingham, Mattoon. 
Champaign, Kankakee . 

In ChIcago's vast rallyards, they 
shift from illinois Central Gulf's 
tracks to the Chicago and North 
Western Railway for the final 85 
miles . 

Six times each week, a train slides 
into Wisconsin Electric Power Co.'s 
Oak Creek Power Stall on. Each traIn 
has 110 black cars. Each car carries 
200,000 pounds of black coal. Each 
lump of coal contalns an average of 
2.8% 01 sulfur. 

At the plant, the North Western 
locomotive Is uncoupled and replaced 
by Wisconsin Electric's on·site loco· 
motive. 

Automatic operallon 
This locomotive runs without an 

engineer. It Is controlled remotely by 
radio by Josep h Williams, fuel 
equipment operator, from his control 
room overlooking the car dumper. By 
radio signal, he moves the train for· 
lVard one car at a lime. 

Each in its turn, the cars are posl· 
tloned onto a section of track directly 
in front of Williams. He hits a lever 

and steel clamps grip tbe car like 
monstrous steel Jaws. 

Each steel coal car weighs 60,000 
pounds. Remember, the coal each car 
con ta ins weighs 200,000 pounds. 
Thus. the jaws grip 260,000 pounds. 

The rotary car dumper flips lIS 
260,000 pound load upsi de down as 
easily as you would upend a pan of 
water. 

Coal spills Into a hopper. No, It 
doesn't; it crashes Into a hopper. 
Each car purges itself in a minute 
and a hall. A train ot 110 cars Is emp· 
lied in about three hours . 

Automatic Vibrators shake the coal 
from the hopper onto conveyor bellS. 
A trainload , 110,000 tons of coal, 
becomes part 01 an uninterrupted 
river 01 coal~ 

Coal courses along conveyor bells 
inside stanting tubes that run Irom 
Ihe pit to the boilers along the top of 
the plant. The conveyors move 2,700 
tons an hour along a belt that moves 
700 leet a minute. 

The conveyor room Is heavy with 
a sweet, damp smell that might be 
unbumed sulfur compounds. 

Blown Into boUors 
A black, gritty Niagara Falls of 

coal lalls off conveyor belts Into 
crushers .that pulverize It Into tal · 
cum·powder consistency. Now the 
fine dust of coal is blown forcefully 
Into eight boilers of varying ages and 
sizes, the first built almost 40 years 
ago, the last in the 19605. 
_ Together the boilers have a capaci· 
ty to generate 1,670,000 kilowatts of 
electricity, making Oak Creek by far 
tile largest electricity· generating 
complex In all Wisconsin . The olec· 
tricity provides light , comfort and 



commerce lO southedstern Wlscon· 
sin 

There are 19 otner power plants in 
Wisconsin that burn coal. These and 
[uur nuclear rea ~ tors, 89 small power 
da rns, and ,18 inter!l'l l·combustion 
generators in Wlscomiln can generate 
9,620,326 kilowatts 01 electricity at 
any given Instant. 

Fully 17% 01 this statewide capac· 
ity Is at Oak Creek, the old work· 
horse 01 Wisconsin's power plants. 

Open the hatch on an iron peep­
hole on Just one 01 the eight botlers 
and the inner glow seems as bright as 
the sun. The te~erature Inside Is 
2,600 degrees Fahrenheit, almost hot 
enough to melt iron. 

It is, indeed, sunlight, sunlight that 
was captured by tropical lorests 300 
million yellr5 ago, during an era 01 
great biological productivity, stored 
under Kentucky as coa l and set Iree 
eons later at Oak Creek. 

Four stacks, each serving two boil· 
ers, range In height from 350 leet for 
the two oldest to 557 leet for th e 
ne\Vest. They don't appear to be that 
tall Irom a distance because the pow· 
er plant Is built at the loot 01 the 
Lake Michigan bluff. 

Each boiler Is equipped with an 
electrostatic precipitator that catches 
the unburnable ash, mostly oxides 01 
alumin um, silicon and Iron . About 
265,000 cubic yards 01 lIy ash were 
removed and disposed 01 on Wlscon· 
sin Electric's site last year. 

Think 01 a barrier 3 leet high, 3 
leet wide and 150 miles long, the dis· 
tance Irom Mllwadkee to Stevens 
Point. That's the volume 01 Ily ash 

- Photo by Bobby ROB 

that was disposed of In one year Irom 
the Oak Creek boilers. 

Converted to gas 

But only 2% ot the sullur that was 
in the coal remained with the ash . 
The rest was converted to sulfur­
dioxide gas. Superheated, it rushed 
up the four stacks at almost 100 mph 
and entered the atmosphere as an 
invisi ble gas. 

The acid trail begins in the 
coal fields (left) of 
Kentucky, where sulfur­
bearing coal is mined and 
~aulecl by huge trucks 
(above) tp trains that 
transport coal to ii Ie Oak 
Creek Power Station 
(right). n-Ie coal is burned 
at the power station and 
the sulfur combines with 
oxygen to form suffur­
dklxide gas. Atmospheric 
processes convert the gas 
to sulfuric acid . 

N OW ALL THAT Is needed lor 
one molecule 01 sullur triox· 
ide to become a molecule 01 

sulluric acid is a single mulecule ot 
water. 

Now I-t us watch Daniel Haworth, 
professor of chemistry at Marquette 
Universi ty, as he drops sulfuric acid 
of high strength onto organic mole­
cules, those 01 table sugar and paper, 
in his MU laboratory. 

It Is present In almost unimagina· 
ble volume: 143,000 tons of sulfur It wants water 
dioxide from Oak Creek alone In The acid, he said, Is dehydrating. 
1983. HaIr the weight Is oxygen, halt That Is, acid has a great thirst. It 
Is sulfur. More than 70,000 tons 01 wants water. Organic molecules are 
sulfur, or seven fully loaded tralncars composed mostly 01 hydrogen , oxy-
on one of Wisconsin Electric's trains . gen and carbon. Hydrogen and oxy-

In a su lfur· dioxide-rich at mos· gen form water . 
phere, your eyes sting, your nose "Sulfuric acid has such a propensl· 
burns and your lungs heave for lack ty tor water that it turns the hydro-
at air. That's the reason the stacks at gen and oxygen in any compound 
Oak Creek are so tall . It was recog- into water and leaves the carbon," 
nized years ago that It wouldn't do to said Haworth . " A tiny little drop on 
re lease ali that sulfur dioxide close to your skin would feel like a bee 
the ground. sting." 

Released 350 to 557 leet high into Thus, the thirsty acid grabs th e 
the atmosphere, the fate of the sulfur hydrogen and the oxygen and rips It 
dioxide is determined by wind, hu- out of the organic molecules. 
mldlty , sunlight, other air pollutants, Within minutes, the sugar boiled 
dust and temperature. It Is a chaotic up Into a crisp, black ash that rose 
syste m, Impossible to predict. above Its beaker. The white paper 

One thing Is certain : The sulfur towel likewise turned black and 
will come down again. Whether It fragile. 
comes down within three miles or That's what nearly pure sulfuric 
500 miles will be determined by at· add does to organic molecules In lab· 
mospheric conditions. oratory beakers . 

In the presence 01 ultraviolet light, But mix sulturic acid with a mil-
which the sun provides, or other ca· _ ~ lion parts at water In the at mos· 
talysts, including metals, sultur dlox· V ph ere, said Richard C. Bratcher, 
Ide can take on another atom at oxy· manager of environmentlfl planning 
gen to become sultur trioxide. and projects tor Wisconsin Electric 
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Power Co., and one doesn 't know its 
etfects. 

Now, focus again on Oak Creek 
and the 143,000 tons at sultur diox· 
ide entering the atmosphere each 
year from Its stacks. 

There are 19 other m~!or utility· 
owned coal·burnlng power plants in 
Wisconsin. There are other major 
sulfur emitters In Wisconsin, includ · 
ing pulp mills and industry· v·.o: "od 
power plants. 

Together, they sent 671,000 tons 
at sullur dioxide Into the atmosphere 

- In 1980 alone . Because halt the 
weight ot sulfur dioxide is sultur, 
they sent 335,500 tons at pure sultur 
Into the air that year. 

That caused Wisconsin to rank 
16th among the top sulfur-dloxide­
emitting states. Ohio led the 1980 list 
with 2,641,000 tons at sultur dioxide: 
tollowed by Pennsylvani a with 
2,018,000; Indiana 2,004 ,000; and illi­
nois 1,468,000. 

Kentucky, West Virginia, Ohio, 
Pennsylvania and Illinois also are the 
states with vast resources of high· 
sulfur coal. Because they also mostly 
are underlain with limestone, which 
has the effect of neutrali zing acid, 
tfiey may suffer less damage tram 
acid. 

These. three tacts - that these 
states mine hlgh-sultur coal, that 
they emit much 01 the sulfur dioxide 
In the nation , and that most at them 
are more protected by nature from 
the eftects of acid - may expla in 
why some ot these states a re political 
tortresses against legislation to con· 
Irol acid rain . 



THE ACID TRAIL II 

Sulfur plays 
the ~if' g~llle 
T TWAS EI'.SY tv follow a bit of 

sulfur f~a coal mine in west­
.... c:rll Kentucky· to Oak Creck 
where it was burned in WiSlconsin 
Electric 's Oak Creek power plant and 
sent up Ihe stacks as sulfur dioxide. 

But now the acid trail grows cold. 

The sulfur dioxide new out of Ihe 
stacks at about 100 mph to join 
whatever other chemicals contaml­
nale the atmosphere of industrialized 
Milwaukee. Among these .re oxidiz­
Ing agents. heavy metals. Inrrt fly 
ash. dust. hydroCllrbons. 

~ - !ft!_ 
~ .... , . ,'''''''1 Nitrous oxidr.s are among them. 

iwo. nne ora! :,· I'rom..coal-burning pow­
er p l ~ nt s , ~ut also frolll petroleum 
hl\r n .~ i ll industry and. mostly , mo­
tor vehicles. Nitrous oxides become 
acid III t~ < atr,lOsphere. too. It also 
harms. It i~ part of the acid-rain 
problem. 

•• -
Some atmosp.heric acid Is present 

nawrally. Rainfall i!l not benign; it 
naturally Is slightly acidic. Nalural 
systems have evolv"d, of course. to 
cope with some acidity . This con­
ft'unds the debate. It complicates the 
prabler,l. 

In these articles. howe-er. we are 
tra:ling s u:fur. the Inain t lement in 
aci d rai n. 

Dictated by weather 
Once out the stack, the weathet 

near the power plant will dictate the 
fate of the sulfur. It the sulfur diox­
ide enters clouds or fog, sulfuric acid 
may form within minutes. 

-Journal Pho/{) by Mlena,,1 S8ars 

If It doeslI't, the gases may stream 
downwind. at various altitudes. for 
hundreds of miles, growing more and 
more diluted . "ulfurlc acid In air now 

~--- / 

Sulfur: an essential, old friend 
VER Y CHILD who owned a chemistry set knows 
what sullur Is and probably has Inhaled a good 
stinging whirr of sulfur dioxide gas. Such sets 

Jsually Include a pale yellow powder that burns easily, 
changing to a dark liquid and tile acrid gas. 

For the rest of you, sulfur Is the maln actor In the acid­
ain controversy that has the people of two continents, 
",ope and North America. concerned about damage to 

ore<ts and lakes. 
Yet sulfur Is au old friend to civilization. Ancient 

Egyptians used sulfur·contalDlng gases to bleach cloth as 
eorly as 2000 B.C. The Romans used It medicinally . 

III 1777. Antoine lavoisier, a French chemist, Identl­
ierl sulfur as an element. It Is No. 16 on the Periodic Ta ­
) Ie 0' the Elements. A solid at room temperature, it Is 
vel low. brittle. odorless, tasteless and Insoluble In water . 

Seldom alone 
Sulfllr atoms do not like to be alone. Thus, each atom 

omlllonly joins with seven other sutrur atoms all linked 
in a circle to form a molecule of pure sulfur. 

Of the more than 100 elements that compose Earth , 
sulfur Is thought to be 15th In abundance, making up 

bout olle -fllteenth of the Earth's crust. It occurs as the 
ure element In some geological formations but far more 

abundantly as sultlde ores, some of which are found in 
northern Wisconsin . 

Sulfur reacts directly with almost all other elements 
exce pt gold. iodine, platinum and some gases. Thus. thou -

sands of chemical compounds contain sulfur. Most cop­
per, zinc. nickel aDd lead ores are sulfides, and smelters 
of such ores are major emltters of sulfur dioxide. 

Sulfur Joins readily with Iron to become ferrous SUl­
fide, or pyrite, and this Is a major contaminant In coal. 
Washing coal removes much pyrite, but other sulfur i~ 
not liberated from the coal until It Is burned. 

Your body contains sulfur, also, as aD essential compu­
nent of some proteins. These are present In skin, halr and 
nails more than elsewhere In the body. Although sulfur Is 
essential to nutrition, there are no official minimum stan­
dards for human use. Why not? It Is so abundant In fon rl 

that human sulfur detlclencles are unheard of. 

Like rotting eggs 
Sulfur, odorless as an element, forms some of r 

stinkiest compounds known, particularly when It come. 
as hydrogen sulrtde, the gas that forms In rotting eggs. 

But sulfur Is an essential contri butor to our way of life 
One of the four basic raw materials of the chemical in· 
dustry - along with coal. limestone and salt - the In­
dustrial revolution would have unfolded far differently 
without It Today, sulfur Is essential in thousands of proc­
esses and is dominant In making fertilizers. 

And as sulfur-dioxide gas and sulfuric acid In the at­
mosphere . it Is one of the persistent environmental wor­
ries that arise from burning vast amounts of sulfur-con· 
taining coal and oil. 

3 

must be measured in par.. per mil­
lion . 

Concentra tin g on one mole.cu le 
among a miliion is like concentrating 
on a single Inch in a road almost 16 
miles long. 

If the gas ~nters clear, dry air, it 
may remain for a time as sulfur diox­
ide. If it forms acid in the atmos­
phere, the presence of some kinds of 
dust may neutralize some of It. 

If it moves south before It fa lis out , 
it may do less damage because of dif­
ferences iu the chemistry of the bed­
rock. than If it moves north. If the 
rain comes in a downpoU!. the acid 
may be more diluted thea If the rein 
comes as a shower. 

If it fall~ in urban areas, it may 
etch paint, corrode metals alld eat 
into limFs\tone or marble buildings or 
monulOents. Depen ding .upon the 
weather, It Olay stay aloft for only 
hours and fall to the ground within a 
few miles. Or It may stay aloft for 
weeks and cross Interoational bound­
aries. 

Can be neutralized 
If It falls on ground. it might wash 

into tbe soil. If the soil Is In an area 
underlain with limestone bedrock, 
the acid may be neutralized . Or the 
acict may liberate aluminum or mer­
cury or other heavy metals from rock 
and allow these poisons to go to 
work. 

If the metals are in waterways, 
they kJlI Individual fish, cr they may 
interrupt the reproductive cycles of 
life forms. It may be that acid Is 
freeing mercury from bedrock that Is 
concen trating in fish that makes eat­
ing fish from some Wisconsin waters 
unhealthful. 

If sulfate falls in winter on a snow 
cover, it may not become dangerous­
ly acidic until the spring thaw. If the 
ground was frozen before the snow 
fell, almost all of the spring runoff 
may enter streams and lakes and 
cause what is know as the "spring 
shock." the season's worst assault of 
acid on the life of those lakes and 
streams. 

Thus. It may be pointless to discuss 
"safe" averages of acldlc rainfall . 
One event theo retically could do a 
year's worth of harm. 

If the ground was not frozen be­
fore the snow feli, and the frost line 
was shallow, the acid lOay enter the 
soil. 

If the watershed In which it fell 
was small. and the landforms are 
.uch that they funnel the runoff di­
rectly into a slOall lake, the runoff 
may Increase the acidi ty of already 
acidic water. 

I F ACID FALLS on trees already 
under stress by other environ­
mental factors, or If they arc dls­

Jsed, the acid may be the final Insult 
that causes the tree or a part of the 
tree to die. or to shed Its leaves ear­
lier lhan normal. 

Species react differently. If acid 
falls on a pine tree, which has an af­
finity for acid , It may not cause any 

,Pamage. If acid falls on a maple tree, 
it may attack and kill organic mole­
cules in the leal. 

If it falls in spring. young leaves 
lind buds may be more yulnerable 
than if It falls in late summer. If 
there is dus t on the leal. the acid may 
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fOSBii fUE'ls, such as coal. gas and oil. 

he neutraliztd before it can harm 
allY thing. 

If there is a cloudburst over a lake 
th~l i!t rich in lime, of course. Ho,. uci~ 
w ill be ~eutralized If the Ia.ke is rieep 
InJ the acid strong, the acid may 
harm iodl\ idual organisms of algae, 
plankton, fish or th'!r :6~s before It 
is neutralized and falls ta the bottom 
.IS calci~"sulfate. 

l 'his gam~ ot "Ifs" has heen going 
.In for years. It became popular in 
1972, when, ' during the United Na­
tions Conterence on the Human Envi· 
ronmpnt in Stockholm, Sweden, the 
Swedish delegation distributed a lit­
tle red anll white booklet. 

II was called "Air Pollution Across 
National Boundaries. The Impact on 
the Environment of Sulfur In Air and 
P rec ipllation ." It said lakes and 
st reams In southwes;ern Sweden 
were being harmed bY sulfuric acid 
that Swedish scientists thought was 
coming from industrial Britaln and 
Germany. 

Today the scientific pursuit that 
would either clear or blame sulfur 
dioxide tor observed environmental 

v'damage grows larger and more ex­
pensive. 

Millions of dollars are being spent 
and. thousands of" scientists are at 
work on hundreds iit experiments to 
find what Is happening after sulfur 
dioxide leaves power plants In the 
states east of the MississippI. 

Why is it so difficult to link sulfur 
dioxide from power plants with envi­
ronmental damage? After all, there 
was no mistaking the destruction 

" that high-strength sulfuric acid in­
flicted upon organic molecules In the 
Marquette University laboratory of 
Chemistry Prof. Daniel Haworth. 

Global laboratory 
But dilute that sulfuric acid by fac­

tars of a million and turn It loose In a 
soup of other chemicals that are re­
acting in a chemistry set the size of 
the globe, and the dramatic cause· 
and-effect seen In the laboratory dis­
solves. 

Twelve years after the Stockholm 
con lereoce, it you ask about acid rain 
in the United States, you still get 
contllctlng views. .. 

In New York, biologists lound 200 
lifeless lakes In the Adirondacks. 
They found an alarming dleback of 

six species of deciduous trees It high 
altitudes. New York's Legisiature 
didn't wait for .he 10-year federal 
research program to be completed. It 
acted last July to Cllt sulfur enois· 
~ i on s. 

T m. NEW LAW CALLS for a 
two-stagP reduction in sulfur­
dioxide emissions to be accom­

plished by utilities ill any way they 
see fit. The amount to be cut depends 
upon a formula, but basically , it 
woul<l be New Yorks's share of aiD­
million-ton reduction from the states 
east 01 the Mississippi RJver. 

Thoma" W. Faist, chief counsel for 
New York Sen. John R. Dunne (R­
GalJclI City), who sponsored the bill, 
said the tlrst stage was to be finished 
hy 1988. The New York Department 
of Environmental Conservation will 
determine by 1991 whether the cut­
back did any good. 

If benetits can't be found in the 
natural environment, Faist, said, 
"we're not going to shoot ourselves 
in the (oot twice." 

It, however, Improvements are 
found, the second phase will begin . 

The legislation, Falst said, drew 
support because: 

New York already bad suffered 
envi ronmental damage. 

About 30% 01 the state's problem 
was caused by sources ot acid inside 
New York. 

New York would have more clout 
in lobbying tor national controls It It 
already had "bitten the bullet." 

Studies in Wisconsin do not indi­
cate an emergency here, said Richard 
Bratcher, manager of environme ntal 
planning and projects for the Wis­
consin Electric Power Co., and a util­
Ity representative on the state's Joint 
Acid Deposition Technical Review 
Commi ttee. 

"It Is true that Wisconsin has re­
sources that are susceptib le to acid 
deposition," he said. "It is aiso true 
that acid rain is faliing In Wiscon­
sin." 

But It Is not true that scientists 
have found significant harm in lor­
es ts, lakes and streams or other as­
sets, he said. 

Nor is there evidence that the 
problem is a bugaboo. Research, both 
nationally and statewide, has given 

the Issue subs lance. If anvthin~, can· 
cern has deepened. Nothing has been 
found to suggest . that the problem 
can be dismissed. 

The National Academy of Sciences 
.~ays there is no evidence that It you 
cut sul!ur emissions Y'IU won't be 
cutting ' acid rain by t'le same per­
centage. Th:; statemen . was a mas­
terpieCl! of scientific caution. 
W~s most impor' ant, Bratcher 

said, is thaI there is no evidence that 
millions of dollars sp~nt on sulfur 
control programs will have any de­
tectabl e impact on the envronment. 

"Mor e research is justified." 
Bratcher said. "To r,o beyond that. I 
wou ldn 'i feel goof. about spending 
money on a lot at controis that aren't 
justified." 

Research, not controls 
Bratcher, a citemist, represents the 

consensus III Wisconsin; that is, re­
searc h is justified but not controls. 
Furthermore, if controls are ordered, 
they should be applied nationally so 
as to keell. Wisconsin economically 
competilive with other states. 

But that consensus may be chang­
ing . T wu st~te iaws passed by the 
last LegIslature deal with ~~!!u :- . 

One IIl1pOSeS a cap of 500,000 tons 
of sulfur dioxide emissions a year on 
the five major elect ricity utiliti es. 
The other calls for a study of the 
costs ami ef fects of various sulfur· 
dioxide·con t;ols . 

In addition, the Wisconsin Depart­
ment of Natural Resources has a new 
rule calli"-;; !"r reductions ot sulfur 
dioxide to m'!e t older tederal laws 
aimed at controlling localized sui fu r­
dioxide air pollution to protect publi c 
heaith . 

Utility managements suspect it 
really is aimed at aCId rain. DNR off l· 
cials deny it. The eff ect of it may be 
that Wi sconsin 's utilities will cut a 
higher percentage of its sulfur diox­
ide emis~ion than New York will 
under lts new law. 

A lew months ago, when a DNR 
staff member said publicly that Wis­
consin was sufficiently at risk from 
acid rain lor its Legislature to co nsid · 
er unilateral controls. without wait· 
ing lor federal legislation, his bosses 
told him quietly to keep his opinions 
to himself. 

Not many weeks later, Gov. Earl 
said much the same thing as the em · 
ploye did . 

IF ACID RAIN fails Dn a maple tree, It may destroy molec~l"s in 
the leaf , but at a level hard to observe. There was no mistaking 
the destruction that high-strength sulfuric acid Inflicted on a leaf 
in the Marquette University laboratory of chemislry Prof. DaniE'l 
Haworth . 

Daniel Haworth dropped a 
solution of sulfuric acid onto 
table sugar. 

The aci d took up the hydrogen 
and oxygen and lelt behind; 

carbon. 
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n6lgplctvre" 01 acid raln-~IUIj~ the following 
sequence of events: , 
1) emissions, "j ii:~:;spi'i.,rlc ,transport, 3i cnemlcal 
transformation, .. ) deposition and 5) effects on sensitive 
ecosystems, Wiscon81n's Acid Deposition Research 
Program and other federal research addresses each part 
of the acid deposition phenomenon. 
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ke looks inviting; 
· sh }{'now better 

by Journal A.rtist Marlo D, Cain 

FLORENCE COUNTY, WIS. -
When you learn its secret. Mor­

I n Lake presents an unnerving 

Ines 
owhere around this allUring, 

(lea "aLer jewel in lhe Nicolet Na­
Ii~nal For"t Is i ts secret publicly 
IOld, IIUI In In. puhllc campground 
and ch on I ts sou lh shore. not at 
Ilhe t-Idun chin~ ramp on Its west 
ban 
'ihe fishery is gone." sold Tony 

Rinaldi , wildlife and (Ish biologist for 
lite ' olet Natloual Forest. "In the 
,Ill • Os, there was a documented 
~I !h there," 

It _Jy be that (lshermen naively 
~un ch their boats there, II they have 
~ck at all. they'll think It Is very" 

ck. II they catch a (Ish, 
are it will be a lunker blue­
pumpkinseed or largemouth 

ass, 
But it is far more likely that they 

won 'l catch anything. The fish, It is 
JI , are not reproducing, There 

Inll no (Ish left. The few, if any. 
khat J vive Qave little competition In 
Iheir search ror food and are growing 
larger - and older. 

~ - an Lake shows all Ihe classic 
sign f a lake gone acidic. said 
'Tho s Sherry. chairman at the 
Wis,,,,sin Department of Natural 
Resources ' Acid Deposition Task 
Force, It has high levels of sulfate /' 

~
lnd minum , But scientific proof 
tha was caused by industrial 
u of acid Is lacking, 
At 48 acres and a depth of 12 feet. 

iI's a small. shallow lake whose vul­
'om' ity to acid may be intensified 
by nail watershed that allows a 
Ire proportion of rainfall to run 

directly Into the water, rather than 
through the ground. 

James Hodgson. professor of zool­
ogy at 5t. Norbert College. De Pere, 
sBld Morgan Lake had high acidity 
and no detectable fish reproduction , 

Acidity and alkalinity are meas­
ured by scientists on a scale of 0 to 

r 14. with 14 being the Illost alkaline 
and 0 being the most acidic, 

On the so-called pH scale. 7 is con­
sidered neutral. It Is a 10garlthrnJc 
scale In which pH 6 would be 10 
times more acIdic than pH 7 and pH 5 
would be 10 times more acidic than 
pH 6 and 100 times more acidic than 
pH 7. 

In 1971. Hodgson sald, Morgan 
Lake was tested as having a pH of 6 • .,/ 
not even as acidic as normal rainfall. 
In 1983, he said. he tested It as hav-
ing a pH of 4.67. 

"At pH 5,5." he said "fish begin to 
drop out of the system. Planktonic \. 
lIfe does, too. That helps explaIn the 
extreme clarity of acidic lakes. 
What's left are a tew alga torms and 
copepods. or microcrustaceans." 

Wisconsin's 14,947 lakes, the 
slate's glacial legacy, are the basis 
for a lifestyle and a tourist Industry. 
The DNR says 3.500 of these lakes 
have a chemistry that makes them 
vulnerable to acid rain. That Is, they 
have low alkalinity and therefore 
lImited capacity to neutralize acid, 

fish less Morgan Lake may be Wis­
consin 's first human-caused victim ot 
acid rain . But it was an accident. 

The next victim, the northern half 
of Littie Rock Lake in Vilas County. 
will be on purpose. Next July, scien­
tists will begin to dump acid Into the 

-" lake. gradually. so that acidic effects 
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on the lake's biological systems can 
be observed and recor ded. 

To understand w~at Is happening, 
understand that "acid" is another 
word for "sour." 

At present. the water of Little 
Rock Lake is as sour as white bread. 
or roughly a pH of 6. When all the 
acid has been applied, half of Little 
R.)ck Lake will be almost as sour as 

,. 

LAKE GENEVA. WI 
600 am CST 

3/ 17/ 83 

KENOSHA. WI 
4: 15 am CTS 

3117183 

ELKHART. IN 
6:.5 pm CST 

3/17183 

,."'LI\Mf'L.lJU . MI 
8'40 pm CST 

3117183 

STEUBENVILLE.OH 
4:40 am CST 

3117183 

12:00 pm CST 

CU BERLAND. MD 
10:45 pm CST 

3/16/83 

,PA 
3: 15 am CST 

3117183 

Where does acid In Wisconsin lakes come from7 This analysis of 
a storm over Lake Geneva on March 18. 1983, shows that the 
acid was brought In on en easterly wind from as far east as Phila­
delphia. USing weather records and a computer, scientists simu­
lated the acid trail. Scientists concluded that 80'10 at the sulfuric 
acid that fell on Lake Geneve orlginaied from outside Wisconsin; 
Ihe rest from inside. 



THE ACID TRAIL II 

Sulfur plays 
the ~if' gallle 

~ 

I
T WAS EASY to follow a bit of 
sulfur fro m a coa l mine in west­
ern Ke ntucky to Oak Creek 

w here it was burned in Wisconsin 
Electri c's oak Creek power plant and 
sent up the stacks as sulflir dioxide. 

But now the acid trail grows cold. 

The sulfur dioxide flew ali' of the 
stacks at about 100 mph tn join 
whatever other chemicals contami­
nate the atmosphere of industrialized 
Milwaukee. Among (j,ese Gre ox idiz­
Ing agents, heavy metals, inert fl y 
ash. dust, hydrocaroons. 

Nitrous ox ides are among th em. 
100 , flat only frorr. coal -bur ning pow­
p. r plants, b Ul also from petre!Eum 
barned in Industry and , mostly, mo­
lor ve hicl es. Nitrou~ ~xides become 
acid in the atmospnere. too. It also 
hsr:i':s. !! is part of the a.~!J-rain 
problem. . 

Some a tmospheric acid is present 
noturally. Rainlall is no: benign; it 
naturally Is slightly acidic. NaturRI 
systems have evolved, of course, to 
cope with so me acidity. This co;; 
founds th e debate. It complicates the 
proolerr .. 

In th ese articles , I,ow eve r, we " e 
erailing sulf Jr. tne m::.in el emene in 
acid rain . 

Dictate<! by we.tb.r 
Once out the stack, the weather 

np.ar the power plant will dictate the 
fate of the sulfur. If the sulfur diox­
ide enters clouds or fog, sulfuric aci<l 
may form within minutes. 

- Journal PholO by MIchael Sears 

lf it doesn't, the gases may stream 
downwind, at various altitudes, for 
hundreds of mil es, growing more and 
more diluted . Sulfuric acid In alr now 

Sulfur: an essential, old friend 
~ VERY CHILD who owne<! a cbemistry set knows 
~' what sulfur Is and prob\l>ly has Inhaled a good 
.L stinging whiff of sulfur p.ioxide g85. Such sets 

ually Include a pale yellow powder that bums easily , 
anging to a dark liquid and the acrid gas. 
For the rest of you , sulfur Is the main actor In the aeid ­

l. in co ntroversy that has the people of two continents, 
Europe and North America, concerned about damage to 
forests and lakes . 

Yet sulfur Is 80 old friend to civilization. Anclent 
yptlans used sulfur-containing gases to bleach cloth as 
rly a,2000 B.C. The Romana used It medlcJnally. 
In 1777, Antoine lavoisier, a French chemist, Identl ­

li ed sulfur as an element. It I. No. 16 on the Periodic Ta-
• e of the Elements. A solid at room temperature, It Is 

1I0w, brittle, odorlesa, tasteless and Insoluble In water . 

Seldom a100e 
Sulfur atoms do not like to be alone. Thus. each atom 

co mmonly joins with seven other sulfur atoms all linked 
. a circle to form a molecule or pure sulfur. 

Of th e more than 100 elements that compose Earth, 
Ifur Is thought to be 15th In abundance, making up 

. uou t o ne-fift eenth of the Earth's crus t. It occurs as the 
pure element In some geological formations but far more 
bu ndantly as sulfide ores , some of wh ich are found In 

rthern Wisconsin . 
Sulfur reacts directly with almO\\'!. all other elements 

:cept go ld , Iodine, pla tinum and some gases. Thus, thou-

sands of chemical compounds contain sulfur. Most cop­
per, zinc, nickel and lead ores are sulfides, and smelters 
of such ores are major emltten of sulfur dioxide. 

Sulfur jOins readily with Iron to become ferrous sul­
fide, or pyrite, and this Is a major contaminant In coal. 
Washing coal removes much pyrite, but other sulfur I ~ 
no t liberated from the coal unUllt Is burned. 

Your body contains sulfur, also, as an essenUal compu­
nent or some proteins. These are present In skin, halr anrl 
nalls more than elsewhere in the body. Althougb sulfur Is 
essential to nutrition, there are no offlclal minlmum stan­
dards for human use. Why not? It Is so abundant In f()(lri 
that human sulfur deficiencies are unheard of. 

Like rottJng eggs 
Sulfur, odorless as an element, forms some of r . 

stinkiest compounds known, particularly when It come. 
as hydrogen sulfide, the gas that forms In rottlng eggs. 

But sulfur Is an essential contributor to our way of llfe. 
One of the four basic raw materials of the chemical In­
dustry - along with coal, limestone and salt - the In­
dustrial revolution would have unfolded far differently 
without It. Today, sulfur Is essential In thousands of proc­
esses and is dominant In making fertilizers . 

And as sulfur-dioxide gas and sulfuMc acid In the at­
mosphere, It is one of the persistent environmental wor­
Mes that arise from burning vast amounts of sulfur-con­
taining coal and oil. 

3 

must be measured in parts per mil ­
lion. 

Concentrating On on e mo lec ul e 
among a million is like concentratin g 
on a si ngle inch in a road almo.~t 16 
miles long. 

If the gas enters clear, dry air, it 
may remain for a time as sulfur diox­
ide. If it forms acid in the atmos­
phere, the presence of some kinds of 
dust may neutralize some of It. 

If it moves south before it falls out, 
it may do less damage because of dlf­
ferences In the chemistry of the bed­
ruck. than if It moves north . If th e 
rai n comes in a dow npour. the acid 
may be more dil:,t ed than If the ra in 
cornell! ::s a shower. 

If it falls in urban areas, it tnay 
etch palnt, corrode metals and eat 
IOta limestone or marble buildings or 
monuments. Depending upon the 
weather, It may stay aloft for onl y 
hours and fall to the ground w ith in a 
few miles. Or it may stay aloft fo r 
weeks and cross international bound­
aries._ 

Can be neutralize<! 

Ii it falls on ground, it mig ht wash 
Into the soil. If the soil Is In an area 
'! nderlain with limestone bedrock, 
the acid may be neutralized . Or the 
aci d may liberate aluminum or mer· 
cury or other heavy metals from rock 
1nd allow these poisons to go to 
work . 

If the metals are In waterways, 
they kill Individual fish, or they may 
IOterrupt the reproductive cycles of 
life forms . It may be that acid is 
freeing mercury from bedrock that Is 
concentrating In fish that makes eat­
ing fish from some Wisconsin waters 
unhealthful. 

If sulfate falls In winter on a snow 
cover, It may not become dangerous­
ly acidic until the spring thaw. If the 
ground was frozen before the snow 
fell, almost all of tbe spring runoff 
may enter streams and lakes and 
cause what Is know a.s the "spring 
shock," the season's worst assault of 
acid on the lite of those lakes and 
streams. 

Thus, It may oe pointless to discuss 
"safe" averages of acidic ralnfall. 
One event theoretically could do a 
year's worth of barm. 

If the ground WIU not frozen be­
fore the snow fell, and tbe frost line 
was shallow, the acid may enter the 
soli. 

If the wetershe<! In whleb It fell 
was small, and the landforms are 
such that they funnel the runoff di­
rectly Into a small lake, the runoff 
may Increase the acidity or already 
acidic water. 

I I' ACID FALLS on trees already 
under stress by other environ­
mental factors, or If they are dls­

' ase<!, th!' acid may be the floal lnsult 
that causes the tree or a part of the 
tree to di e, or to shed Its leaves ear­
lier than normal. 
or Species react differently. If acid 
ralls on a pine tree, which has an af­
tlnity for acid, It may not cause any 
damage. II acid falls on a maple tree, 
It'may attack and kill organic mole ­
cules in the leaf. 

If It falls in spring, young leaves 
and buds may be more vulnerable 
than If It ralls In late summer. If 
th ere is dust on the leaf, the acid may 



grapes or tomatoes, with a pH of 4.5, 
more than sufficient to kill most of 
the life in the lake . 

The south lobe of Littl e Rock Lake 
has been separated by a sea curtain 
from the north lobe. Changes In the 
north lobe will be measured against 
the soulh lobe. 

At the e nd of the experiment, the 
nor th lobe will be reslored, naturally" ~ ... 
if possible, or by Introducin g acid·' 
neutralizin g lime into the lake. Ufe 
(orms !rom the C;:Ollln Inbe should re· 
s lack Ihe nOrlh lobe. 

Meantime, acid rain i< :alling into 
111 Wisr.onsin lakes. Th e DNR has 
observed rains as acidic as 3.35 pH 
(pickles, grapefruit or cider) at Lake' 
Geneva Aug. 8, 1982, to 7.16 (hard 
water) a t Spooner Oct. 7, 1980. 

Where was It coming from? The 
DNR contracted with a Boston con­
sultin g linn, CJ{arles T . MaI n Inc., to 
feed weather and acid daU: into a 
computer to see if the model could 
back· trace the pal,h of the acIds. 

THE ACID TRAIL III 

To tes t the method, Main studled 
six different slorms that raIned acidI­
ty upon three I"ke~: Legend Lake, 
east of Keshena in Menominee Coun­
ty; Lake Gen~va, In Walworth Coun­
ty; and Round Lake in Douglas Coun­
ty, the far northwestern county of 
WIsconsin . 

. ·PrI!Ilminary IIndhlgs indicated th~, 
the chemicals thet caused the atmos­
pheric- acids could be coming frOifl" 
sou rces both inside and outside WIs­
co nsin, some from as far awa, as 

Louis iana, Mississippi. the Ohio River 
Valley, New Jersey, Delaware and 
Pennsy lvania. . 

Or they could come (rom as close 
as Milwaukee or Green Bay. 

Acid raIn could arrive at the lakes 
from every direction, IncludIng the 
northeast, from Canada. 

In short , WIsconsin was a contri­
butor and a receiver of acid rain. 

The pH Acidic Parameter 1'-\ 
14.0 ) -;3 ~ 12.4 Limo (ca:clum hydroxide) c::} )' _ 
11.0 Ammonia (NE3) 
10.5 M'ik of MagneSia . -~0. I 

8.0-8.5 I h& Gr&al LaKes (annual rMdn) v ( 
8.3 Sea Water I Baking Soda 

Human Blood 
1--+---;.0 ~~eutral - Distilled Water 

6.6 MIiK 
5.6 "Clean" or Normal Rain 

Carrots 
Tomatoes 

4.0-4.2 Annual mean pH of rain in Muskoka/Haliburton area 
3.0 Apples 
2.2 ' Vinegar 
2.0 Lemon Juice 
0.0 

Your taste buds can help you understand what Is happening to many 
lakes. To your tasle buds, "acid" means "sour." To scientists. acidity 
is measured on the pH scale In whIch pH 6 Is 10 times more acidic 
than pH 7 and pH 5 is 10 times more acidic than pH 6. This chart 
shows the pH values or familiar Items. Morgan Lake In the Nicolet Na­
tional Forest, a iypical example of a lake gone acidic, went from a pH 
value of 6. less acidic than normal rain, In 197 1 to 4.67, more sour 
than carrots, in 1983. 

Jobs, trees and acid rain 
By Paul G. Hayes 

lou .. nal S,=lence Reporter 

M USKOKA , ONTARIO -
The lives of peop le along 
the acid trail are inter· 

tw ined. What happens to thuse III 
one place may affect thuse In othen. 
~e believe that th eir lives already 
have been changed by acid rain or Its 
politics. 

Sume CanadIans and some Ken­
tu ckians are convinced of it. 

Marguerite Stimpson, 73, is a lif e­
long resident of the Muskoka dIstrict. 
s resort area in Olltario east of Lake 
Huron 's Georgian Bay that seems 
biolog ically identi ca l to northern 
Wisconsin. 

" I was born here, " she said. "I ca n 
remember flowers and foliage man y 
years ago that;l'simply died out. The 
trees around my place show damage. 

"There Is a sugar maple at the 
back of my house that shows damage 
at the top. The tree Is partly protect­
ed by my roof; if it rains, the leaves 
on the outside are damaged, but the 
leaves under the roof are not dam­
aged. 

"In my Illy pond, I have frogs a nd 
toads and tlSalamanders. The eggs 
didn't halch ' three years ago. Two 
years ago. I brought in three big 
limestone rocks and surrounded 
[them I with crushed limestone , and 
for two years, I got the hatch ." 

StIm pson Is not a scientist. but she 
harbors no doubt whatsoever t ha t 
acid from the sky is a threat that al· 
ready has caused great harm. 

East of Lake Muskoka. in Hallbur­
Lon Coun ty, Ross Boothby, 46, wan· 
dere-d lIirough his JOO·acre - maple 
grove. w here three generations of 
Boothbys have tapped the trees for 
maple syrup. 

"Grandfather Egbert Boothby 
from England pioneered this area 
before the turn of the century," 
Boothby said. "Maple sy rup was his 
sweet. Grandfather died th e year I 
wu s born." 

Ross Boothby runs a resort near 
here . Each SPO/lg, before the resort 
business begins to command all his 
time. he produces 200 10 300 ga llons 
of maple syrup from 1,500 taps. 

"I almost know every tree person­
ally, you know, and I know t hat that 
Iree hasn't been Improving at all." 

H. pointed to the crown of a tall 
m1ple near the path . The crown "'as 
le.fless. 

"; noticed the dieback in 1~78," he 
3aid. "\ guess there has been a 5% to 
10 % loss . Rlg!.t now, it seems to 
have sta biliLed. You can see some 
:rees putting Ol.t new growth below 
dead wood. 

"Father kept records In the 
1940s," he said. "I've increased 'he 
number of taps. but the per-lree pro· 
(luction has not increased. When you 
drill the tree, the tap hole itself Is not 
healing wei\." 

Boothby is not a scient ist, either, 
but he suspects acid rain . 

Canadian scientists do, too . They 
we re on Boothby 's property that 
September day taking wood samples 
and other information to dissect in 
their search for the cause of the die­
back. The results are not in. 

Black For •• t 
Forest damage. noticed in the 

Black Forest of Germany as well as 
high in the Adirondack Mountains of 
New York and In the sugar groves of 
Ontario. Is the newest worry Involv· 
ing acid rai n. 

Atmospheric acid is a suspect. but 
not necessarily the cr iminal. If the 
culprit is acid, It may be nitrous acid. 
most of which is caused by automo­
ti\'e exhausts. rather than sulfuric 
acid, most of w hIch can be traced to 
coal-bu rning power plants. 

Thomas G. Brydges, coordinator of 
acid deposition research for Ontario 's 
Ministry of the Environment. said 
research so /.ar suggested that acid 
might be the age nt t ha t pushed an 
already stressed tree over the edge . 

A CID MAY FALL onto the 
upper leaves and thereby use 
up calci um In the crowns of 

the trees. The acid rain then might 
fall from the upper leaves to enter 
the shallow salls, where It reacts 
~!~£'!''!'!!,...tr!ng it up. As a result, 
calcium. an esse ntia l element in plant 
life, is no longer available to the trees 
and other plants. 

"The branches send a message 
down to the roots, 'Send up more 
ca lcium,' and the roots say, 'We just 
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ran uut.' And then you ge t dar.tage to 
root hairs because they don ' t have 
calcium enough to neutra!ize the 
acid," Brydges s.id. 

The acid a lso can react wilh rocks 
to make heavy metals thaI are toxic 
to plants. 

Despite the maple ~Ieback, Canada 
has no , tudies showing widespread 
focest productivity los,e5 in recent 
years. For that matler, no such stud· 
ies exist for national forests in Wis· 

consi n, according to the l' S Forest 
Service office in Milwauk ee . 

The Muskoka-Haliburton economy 
is based upon tourism. Its tourism, in 
turn. is based upon fi s h·filled lakes 
and flourishing (ores ts. Shallow soils 
and bedrock with limited capac ity to 
neutralize acid leave the area vulner· 
able to any add depositi on . It is un· 
dersta tement to say that residents 
here are worried about acid rain. 

They are mobilized , as IS most of 

Ross Boothby suspects rain has damaged his trees 



-Pholo~ by John Bisek 

Marguerite Stimpson put limestone rocks in her Illy pond to counteract the effects of the acid rain 

Canada In fact. a recef/kGa llup Poll 
indlcate~ Ihat 69% of Canadians 
,. ,~d be wi lI10g 10 donate a I' II 
d, • work earh year for the spe<:lfic 
P' ose o( clea ning up acid rain In 
Canada. 

Canada is a source of acid r'lin. 
I In (acl. for a time It was the 
II d', bad example of sulfllr emis-
5i 

• • dUlll v. ()1I13no, northwest or 
Muskoka. , I,ll houses the largest 
sourCE of "ulf'Jr·dio xide emissions ~ n 
N h America. Ihe Int er natlona~- r 
, .1 Co .· s (lNCO) ni ckel smelter. 

.cades o( smelting sulfide ores -
in Ihe early dlYS it was done in the 
open al ground level - had left the 
I cape so barren as late as the 
I s that the Apollo astronauts 

ed there (or moon walks. 
ith the building of tall stacks and 

IDter with orders (rom the provincial 
governmen t to cut sulfur emlsslolls, 
I INCO and nearby Falconbridge 
L sme lter reduced sulfur emissions 
b ,t1OlIt 80<!(, from their peak years. 

III sulfur cutbacks, the Canadians 
are aheael of the US. In con trolling 

mobile emissions. a main source 
trous ox ides, they lag . Hearings 

held recenl ly in Ottawa that 
c, d Ie. to catalyti c converters 
being placed on all new Canadian 
cars. 

ce 1979. Canadian political sen-
t has coalesced into a united 

f • Ih.t has swept through local, 
provincial and federal governments, 
private induslry and sou thward Into 
th.U nited Siaies 

In the United States, a similar 
torce encounters m~ch sympathy In 
New England and some In northern 
Wisconsin and Minnesota areas, 
whic h, like eastern Canada, are 
chemically vulnerable to acids. 

Fanher south, in the states where 
hlgh·suifur coal Is mined. If meefs 
ske pticism and hostility. 

To observe strong political feelings 
011 the other side ot the acid-rain Is­
sue. visit western Kentucky, wh ere 
high-sultur coal is mined. This Is the 
coal that is senl by the trainload to 
Wisconsin, where It is burned In th e 
Oak Creek power piant of Wisconsin 
;:::c:~rk Power Co. 

S AID ROSCOE E. MILLER, sec­
retary-treasurer of District 23 
of the United Mine Workers of 

America, which has Its headquarters 
near MadIsonville, Ky.: 

"We do have a high percentage ot 
miners laid otl. Mine closures around 
here started In 1979. From 1980 to 
now, we' ve had 4,000 miners laid off . 
Mines have closed or shut down." 

It's not all due to high sulfur, he 
said. Coal transportation costs have 
had an influence, as well, In a gener­
ally softened coal market, but west­
ern Kentucky, wi th its high-sulfur 
coal, seems particularly hard hit . 

Wants more study 
The teellng locally ts that mining 

companies are refusing to Invest 
heavily to de velop high-sulfur coal 
reserves until the shadow cast by 
possible legislati on to control acid 
rai n is lilted . 
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"On a personal basis . we think 
there should be more .tudy put in It," 
Miller said. "On top of that, with the 
technology we have now, the sulfur 
could be eliminated by other meas­
ures Ithan switching to low-sultur 
coa\). We think we should do that, 
rather than cause unemployment in 
the coalfields." 

Robert Hendrix. at Lie UMW, said : 
"Dad mined coai lor over 40 years. 

My brother is a miner, and my oldest 
son Is a miner. It's a lamLy tradition . 
We are proud to be miners. !t's part 
ot our heritage. Yes, si r. 

"I think we're going 10 see some 
kind ot legislation," Hendrix said. 

There are 60,000 mining and sup­
port-industry Jobs In lhe high-sulfur 
coal fields 01 the Midwest, Hendrix 
said, adding: "[ can't see putting 
these people out 01 work ." 

Despite their huge size, coal mines 
come and go. New mines can open 
quickly ; operating mines can be 
closed quickly. Mining responds 10 
economics ; economics responds to 
public policy. 

Two of th e three mines thaI pro­
vide coa l lor Wiscunsi n Electric's 
Oak Creek power plant are owned by 
the Pittsburg & Midway Coal Mining 
Co. of Den ver. 

When the Wisconsin Department 
ot Natural Resources proposed a rule 
requiring utilities and indus tries to 
cu t sullur emissions to meet clean-air 

s tandards, Barry G. McGrath, Pitts· 
burg's vice presirlenl 01 marketin g, 
flew to Wisconsin for a DNR hear ­
ing 

There he told the Natural Re­
sources Board that 90% of the output 
ot Pittsburg's Pleasant Hili mine In 
weslern Kentucky was committed to 
Wisconsin Electric, and that the ne w 
ru le cou ld threaten the contract and 
thereby the jobs ot 365 miners. 

There are a lot ot mil es between 
Madisonville, Ky., where lhis acid 
trail began, and Muskoka, Ontario. 
wher~, for the purposes 01 this s tory, 
it ends. 

Maoy, many people 

There are a lot 01 people along the 
way, Including miners, railroaders 
who haul coal, ll.IJlity vice presidents, 
electricity customers, loresters, re­
sort owners, you and me. 

In Ontario, a maple-syru p maker 
spoke proudly about how he was 
carrying on the tradition 01 three 
generations in the sugar patch. He 
described a lifesty le with a continui ­
ty that gave him an Identity, a piace. 

tn Kentucky, a coal miner spoke 
proudly about a tradition ot three 
generations in the coal fields . He, too. 
described a lifestyle with a contlnui­
Iy that ga ve him an identity and a 
place . 

Both lea red the threat that acid 
rain posed to cherished tradltious. 
But the issue, as it is perceived now , 
makes them natural adversaries. 



fHE ACID fRAIL TV 

How to turn off the acid rain 
By Paul G. Hayes 

Journal Science Reporter 

(

' ONTROL OF ACID RAIN will 
be expensive. ""'... _ ... 

'" Removing 90% of't he sulfur 
diOl;ide from just the Oak Creek 
po'ver plant would cost res idential 
( u;romas of Wisconsin Electric -
abou t 40% of WlsconsIn's population 
.- about 10% more for electricity, 
the utility said. 

In a given year, Oak Creek may 
emit 140,000 tons or more of the 
stufr. more than twice as much as the 
next largest source In the state, Wis­
consin Power..& Light Co.'s Edgewa­
ter power plant In Sheboygan. 

Of the 43 sources of more than 
1,000 tons a year of sulfur dioxide in 
Wisconsin. the largest nine are pow­
er plants owned by electric utilities. 
The leliSt of th ese emit 27.000 tons of 
i llllur dioxide each I'ear 

.. \! tnbe~~~r, ~he total tJ( U sources 
Includes 20 poIVer plant;;. induding 
thase at the University of Wisconsin 
- Madison and at the Mliwaukpe 
Coun ty In stitutions grounas In 
Wauwatosa. 

The remaining 23 ,tre private In­
dustries. domloated hy paper and 
pulp mills. The largest source o f su i· 
fur dioxide of these is Procter & 
Gamble's mill along the Fox River In 
Green Bay, at 24.000 tons a year. 

Limits for utilities 
The Wlstonsln Legislature, 3ensi· 

tlv p to charges that Wisconsin is 
antl·buslness did not directly ad­
dress Industrial sources of sulfllr 
dlwtlde In its 1984 law requiring a 
e.lp on sulfur-dioxide emissions In 
1985. (t directed only utilities to keep 
thei r combined emissions under 
500,000 tons. 

"Utilities can't move out of the 
state," explained one insider. 

But there were other reasons to 
concentrate only on the electric pow­
er plants. Of the total of roughly 
653,000 tons of sulfur dloxJde emit­
ted each year by the top 43 sources, 
78% came from the 20 power plants 
and 22% from,lite 23 Industries. 

Wisconsin J ranks 16th amon g 
states for total sulfur emissions. By 
another measure - amount of sulfur 
dioxide emitted per uoJt of heat gen­
erated by coal-fired power plants -
Wisconsin ranks among the five 
dirtiest states, sald Paul Kozlar, of 
the Wisconsin Department of Natural 
Resources. 

Last y~ several acid-rain bliis 
were considered by the US Congress. 
None passed, but similar bills surely 
will reappear this year. Even Wis­
consin Electric's executives expect 
federal controls. if not next year, 
then soon aft er. 

T HE BILL THAT ATTRACTED 
the most attention called for a 
30% reduction In sulfur-diox­

ide emissions from tbe 48 contiguous 
United States by 1993, or a total re­
duction of 10 million tons of sulfur 
dioxide. 

The bill's goal was to be accom­
plished In two steps. In the first step, 
the top 50 sources of sulfur dioxIde 
in the US would be requIred to cut 
their sulfur emissions. 

WIsconsin Electric 's Oak Creek 
poIVer plant Is one of these. It such a 
bill passed. a finger would be pOinted 
directly at Oak Creek. It is not cer­
tain how Wisconsin Electric would 
go about meetlrt1 the requirement. 

The bill would perrr.lt states to ~ut 
sulfur in any way they saw lit. 

Keep in mind that the first of the 
eigh t boilers at Oak Creek Is about 40 
Y€'ars old , old for a boller, and that 
tt,e deadline for reducing the sulfur 
would not occur until l!tge"or so. 

Keep in mind too that these boilers 
were designed to burn a particular 
coai. in this case. high·sulfur coal 
from sou thern Illinois. southern Indi ­
an a or western Kentucky . 

The options would be to) 

Phase out the boUers altogether 
and get electriCity from otlier 
sources. From an acid-rain pers; ec­
live, importing surplus power frcm a 
proposed, enormous hydroelectricity 
dam in Manitoba, Canade, is all at ­
tractive possibility. It Is being stud­
ied. 

Modify the boilers, Ii p" .. lble, '0 

O!lrn low-sulfur coai. or a uiend 01 
Iligh-wlbr and low-sulfur coal. 

Install equIpment to catch tb. sul­
fur . Industry ~a lls the process Hu" 
gas desulfurizaUon, or FGD. 

The final lorm of any regulations 
would affect the declston . But, for 
the purposes of this story, let's build ' 
an FGD system anyway. relying on 
data supplied by Wlscc~si n Electri c. 

First at all. there 'd be a new island 
of l the Oak Creek power plant in 
Lake Michigan, a big 1<land, because 
tht.! re isn't any roon, on the presc:r.i 
plan t site for a su lfur scrubber. 

Three pipes would lead from the 
presen t plant to the islanJ, r.arrylng 
the sulfur-dioxlde-rich gas from (he 
boilers. There the gas wou ld be treat­
ed with two reagents, chemicals that 
convert sullur dioxide to other CO~t­
poun~s. 

in this .j'el.m, the reagents would 
be limestone, about 244,000 tons a 
year , and soda ash, about 21,700 tons 
a yrar. L1m~stone Is abundant in 
southeastern Wlscon in; a quarry 
here may get the business. Soda ash 
comes from the western states. 

If the power plant burned coal 
with 2.~ " sulfur, if th e plant pro­
duced " 'erage of one-hall of Its 
theorell, ' 1 capacity and if the FGD 
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system were !IO% erfectlve. then this 
system would produce some 605,000 
tOilS of waste 6 year. 

Th is Is the equivalent of 172,000 
cubic yards. It Ivou ld be mostly cal­
ri um sulfate In ot her words. It 
would be damp, dirty gypsum. 

imagine a barrier 3 feet high and .I 
fee t wide stretching along the blgh­
ways leading Wp.st out of Milwaukee. 
It would stretch to Mason City, about 
270 miles away in the center of 
(owa. 

A parade of trucks would cross a 
causeway to the Island every day to 
haul the gypsum off the island. Wis· 
consin Electric would add this moun ­
tain of gypsum to the 265,000 cubic 
yards of fly ash it disposes of each 
year on a 130-acre landfill on Its Oak 
Creek property. 

Scrubber operations would require 
III. ing 165 full-time employes at Oak 
Creek alone, said Richard C. Bratch-

er. manager of environ mental plan· 
ning and projects for Wisconsin Elec-
tric. I 

What would it cost customers? 
Bratcher estimated that tYPIcal resi· : 
dential customers - households tha t 
buy an average of 500 kilowatt-hours 
a month - would pay about 10% 
more each month for their " Iectrlci­
ty. 

It Is unlikely that OU Creek 
would be the only Wisconsin power 
plant aflected by a 30% 0\ era II reo 
ductlon in sulfur dioxide. Meeting the 
second phase of the bill .... ould reo 
quire reductions at a dozen or so oth · 
er power plants. 

Wisconsin Electflc's Por. W ... h· 
Ington plant and its Vaile)' plant. 
south of Downtown Milwaull:ee. also 
might be require scrubbers. Bratcher 
said. So would big plants tlsewher. 
in Wisconsi n. 

By no means has it been decideo 

How acid Is the rain? Wisconsin lies on the west ­
ern fr inge 01 the acid-rain belt with precipitation 
as acid ic as pH 4.4. A core area covering parts of 
New York, Ohio. Pennsylvania, Kentucky and 
southern Canada has a pH level a s low as 4.2. 
Precipitation with a pH lower than 5 .0 Is consid­
ered unnaturally acid ic . Acid depOSition across 

Wisconsin is measured in kilograms per hectare 
per year (kg/ha/yr) . Southeastern Wlscons.! gels 
the most ac idic rain with a pH level of 4 .4 and a 
25 kg/ha/yr (22 pounds per acre per year ). The 

• least amount falls in the northwest, wh ich has a 
pH of 4.7 and 15 kg/ha/yr (1 3.2 pounds per acre 
per year). 
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, fur scrubbing, likely the most 
,·c opllon. would be chosen . 
impo rtan t. Uratcher believes 

that ,la)or#edu(lion of sulfur dlox -

~
de III Wisconsin wou ld not have a 
etectable benefit on Wisconsin 's 
nvi menl. and certainly not one 

,to" ant "the expe nditures of rate­
paj' momes o f several- hundred ­
mllltv", of dollars per year ." 

"ThiS Is esppcially so given the 
laels that no damagr to Wisconsin's 
aqu resources has been docu · 
me I. and <euslt ive regions of 
,..r rn \V i~consln receive onl y 
I I 'Ilt 'lne·f irt h as milc h acid deposi-

I
~:;" a~ areas such as the Adlron-

It true tha t Wisconsi n 15 on the 
nort estern edge of the world's 
n1"JSI .('nse conct"lIlrntlnn or sulfur­

Idloxide emiSSIOns That is. we sit on 

th e northwest corner of the 31 east­
ern states that emit 17% o( the 
world 's man-made su lfur-dioxide air 
pollution . 

Lucky us. 
Being on the outskirts - and not 

In the center - or this concentration 
protects us somewhal.,from acid rain . 

Thus, iess acid (ails per acre In 
northwestern Wisconsin than in 
southeastern Wisconsin. and less acid 
fall s ill Wisconsin than in states east 
of here and In southeastern Canada . 

Y EARS OF INtENSE, stale­
sponsored research show th at 
the scientific problem in Wis­

consin is representative . Research 
"'contlnues to substantiate th e theory 

that leads many experts to suspect 
cu mUlative. IrrcvPrsihlc damage . 
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Last year several acld-rair. bills were considered by 
Congress. The bill that allracted the most allention 
called for a 30% reduction In sulfur-dioxide emissions 
from the 48 contiguous United States by 1993. One 
option facing sulfur-producing Indl~strles under orders to 
cut their sulfur emissions would be t e) installllquipment 
to catch the sulfur. The industry rails the process flue 
gas desulfurization (FGD). If Wisconsin Electric's Oak 
Creek Power t-'Iant (left) were to build the required 
equiment f0r FGD. whrtt would It look like? First of all , 
there would be a new island (belew) off the Oak Creek 
power plan! in Lake Michigan because there isn' t any 
roonl on the plant site for such a sulfur scrubber. Three 
hU',le pipes wculd lead from the plant to the Island , 
curying the sulfur-dioxide gas from the boilers. There. 
the g ~s would be treated with two reagents, or 
chemicals. that convert sulfur dioxide to other 
compounds. 

But lack or historical research and 
the dirflculties of measuring harmful 
effects on soil, lakes, forests and 
animals - literally at a molecular 
level - create the scientifically un­
certain atmosphere that ieads to po­
litical stalemate. 

Even with 50 years of Information 
about lakes collected by pioneer lake 
scientists rrom the University or 
Wisconsin. trends are hard to prove. 

But cross the border into Canada, 
and olle enlers a world of certainty. 

II isn ' t th at the sciellliCic method ill 
Canada is dlrterent. Scientists are 
asking the same queslions In Canada 
that scie ntists arc asking in the Unit­
ed Slates. 

It Is that Canadians ha ve relatively 
more 10 lose (rom acid rain. They 

have lived with the effects o( sulfur 
damage (or decades. (n Canada, acid 
rain is no longer a partisan political 
issue, but a national crusade. 

Thomas G. Brydges, a chemist. 
coordinates acid precipitation re ­
sea rch ror the Ontario Ministry of 
the Envi ronment In Toronto. He said : 

"The bottom line Is, you've got to 
stop doing it In the atmosphere. (t's 
naive to think that you can put 25 
million tons of sulfur dioxide in the 
air wer North America and expect it 
to di sappear . 

"You can ' t take a parameter like 
! aci~tyJ, which influences eve r y 
che mical reaction known, and knock 
It ort center by a factor of 40 to 1,000 
and not expect something to happen 
in the environment." 



THE ACID TRAiL V 

Much of nation's 
sulnJrissquandered 

. ~ 

Freeport Minerai Corp. mines sulfur from the world's largest offshore platform. The rig is in the 
Gulf of Mexico, off the coast of Louisiana. 

M
ORE THAN SIO MI LLI ON 
blew out 01 the tall stacks at 
WIs~sin Electric Po wer 

CO: 5 Oak Creek power plant last 
year. 

At least 70.000 tons 01 sullur were 
liberated Irom coal burnrd at Oak 
Creck and sent into the atmosphere 
as sullur dioxide. 

At November's price 01 $147 per 
ton lor pure sullur. It was worth 
$10.290,000. 

It Is lar~ly Ignored In the debate 
over acid rarn that the main culprit ul 
acid rain , sulluric acid, Is a valuable 
commodity and the mo~t·used cheml · 
cui In Industrial commerce. 

Probably because some 01 Its co m· 
pounds smell the way we Imagine 
hell to smell - like very rotten eggs 
- sullur has gotten a bad press for 
millennia . 

Pure sulfur has no odor. 
Known as brimstone [literall y, 

burning stone I, sullur is mentioned In 
the King James version of Gene~is . 

God rained down /ire and brim· 
stone upon Sodom and Gomorrah -
and thereby caused the first docll ' 
mented instance 01 acid rain . 

Valuable resource 
Ilut like SO many pollution proll · 

lel1ls, much 01 acid rain, the poilu · 
tanto Is a valuable resource that hap· 
pons to be in the wrong place at the 
wrong time. 

Because 01 tfs relatively low cos t, 
sulfuric acid became one of the basic 
chemicals of the industrial revoluti on 

the 19th ce ntu ry rodav it has thou · 
sands 01 use.s. 

Sulfur is used in the manufallu re 
of lertillzer, In leaching ores, in 
treating metal, in making puip and 
paper, in bleaching cloth . It is USe~ in 
the production 01 dyes , load preserv· 
atives, photographic materials, sugar 
and textiles. 

US industry produces huge 
amounts 01 sulfur, 13,052.000 short 
tons in 1980. 

It is mined Irom beds 01 pure sui· 
lur in an unusual way, both onshore 
and o/lshore, In Texas and Louisiana , 

Freeport Minerai Corp .• operating 
Iroll1 the largest ollshnre platform In 
the world, pumps hot wa ter down a 
pipe into a bed 01 pure sulfur. This 
melts the sulfur. 

Compressed air is pumped down to 
the sul fur beds, lorclng the molten 
sulfur up the pipe to be transported 
to Port Sulphur, La .. about seve n 
miles north , where it is prepared lor 
co mmerce. 

This method of mining is called th e 
Frasch method, after its inve ntor. 1\ 
few other onshore Frasch mines exist 
In th e US . 

Source or ffrtllizer 
Nearly all 01 the sulfur from Free­

port is shipped by harge to Tampa. 
Fla., where it is used in making phos· 
phoric acid, a bulk lert ili zer, Irolll 
Florida 's phosphate rock . 

This is by Illr the dominant use 0 1 
sullur in [he US . necause sulfur itself 
nourishes crops. it once remain ed in 
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Ihr fert ili zer as a hunlls to he shipped 
/I rthward and sp'eao On the crops 
·)f the grain belt. 

But shipping costs outpaced th e 
I'alue 01 the sullur to larmers. Today. 
the sulfur remains in Florida in the 
lorm of calcium sulfate, or gypsum, a 
waste product that is disposed of In 
landfills. 

In 1980, according to the US Bu· 
reau of Mines,-.about 54% 01 the sui· 
lur in the US lor industrial purposes 
was produced by the Frasch mining 
method . 

The rest of it was removed Irolll 
othe r resources. Much 01 the natural 
gas produced in the US contai ns hy· 
drogen sulfide. a dangrrous poiso n to 
humans. The nose drtects it instant · 
Iy; it is the gas emitted by rattan 
eggs 

For natural gas to be used sa fel y, 
hydrogen su lfIde must be removed. It 
is relTlo;'ed al gas processing plants, 
which converted it 10 almost 2 mil· 
lion short tons 01 p"re sullu r lor sale 
in 1980. 

Similarly, sulfur is removp.d Irom 
petroleum at refineries, about 2.5 
lIIillion hort tons In 198U. Sulfur or 
commercial sulfuric acid also is reo 
cove red IrDin mrlal smelters, whpre 
~u lli rl e ores arc proc,f.ssed. 

$2 billion wasted 
fly rema rkubl e coin ci den ce, US 

powe r plants and ind'ustries uninten · 
liona ll y caused 26,501.000 tons of 
sulfllr dloXldr 10 ent er the atmos· 
phere in i980 , or 13 ,250,50U tons of 

pure sullu! , ,1Im"~ 1 <, xactly th. 
amounl that Pl1t,'rcu (I:lnmt'fce th l! 
sa int:! vear. 

Toda y, tha t sul fllr , all of 'A'hi ch 
was wasted, would be worth about 
$2 billion commercially , 

The obl'ious 4uP' tiun: 
Why is the US wasting th is non· 

renewable resource , parti cul arl y b) 
spreading Sll much 0 1 it arnund as a 
harm lui and costlv pollutant? 

The answer Is not technological 
The technology ex ists to c.a pture 
wasted sullur and co nVert it into th e 
resource . Ill' converting th e sulfur in 
cua l to sulfur di uxide ga" elec tri r 
power pl ants acco mpUsh ~ first step 
in the process tha t p! orluces ca mmer · 
clal sulfur or sulluri c acid . 

The answer li rs In ens!. Even 
there. It ca n be IInderstolJd onlv in 
terms of short· lerlll gain . 

In Ihr world 01 resource exploita 
tion. Ih e rule is that indlls lry alway' 
mines th e high grade, pasily access!· 
b Ie ores fi rst. 

Freeport Miner r ls and other com · 
panies that mine pure sulfur bed' 
make a profit beca use mining cost. 
are rel"til'elv low and the sulfur i 
Immediately ·uselul. Their prolltabll i 
ty is aid ed hy the II sllal tex henrfit 
that are allorded reSource campa 
nies, Including a deplelion allowancp 

M
AJ OR OIL REFINERS ar 
gas prOl~sso rs that rPIIlO\ 

sllifur lrom oi l And gas sell 
on the market lor a pmlit becau 
the su lfu r IS relul ive ly rich ill tho 
rpsou rces. 



".. 0 1 Ihumb >! mong metal 
; IS that the suilur that Is re­

' I .4 from s t~ ;k gas pays for the 
,'lng, but not the capita l costs, 
Ifur removal. fhe reason: The 

,re" mined h~r< is low quality. 

produces a waste pnJduct that must 
be disposed of. 

Thtt other prod~\.:es commercJal 
sulfur or suliuric acid and recycles 
the reactant chemical. 

to 2U mdls la mill is one-tenth of a 
centl for each kilowatt-hour of elec­
tricity produced a t a I million kilo­
watt plant. 

Uy tllat lim e. it said. Industrial so­
cieties may be looking to the tall 
stacks of power plants. now the con­
troverSial S(Jurces 'J f sulrur the poliu­
tant. as sources of a valuable and 
dwindling natu'al resource. 

From a reso"rce perspective, high-
Thn lim r.roup, calied scrubbers, 

require~ among other things the 
opelllni! o! limestone quarri~s and a 
capaciiy 1: 0 handle enormous 
amounts of lime, or calcium oxide, 
which Is extracted fr.o'U,.. limestone 
and neutralize~ Jft~. Also, scrubbers 
produce waste - calcium sllifate, or 
gypsum. in almost unimaginable vol· 
urnes. 

The cost of ,I~ varieties 01 devices 
tloat recovered the Sulfur ranged 
from 19 to 45 mills per kilowatt 
hour. 

By that time, If nothing chang~d in 
the current acid· rain picture, ano the 
US continued to contribute to the 
problem at [980 level., we would 
have squandered 260 million tons of 
pure sulfur, and suffered Its damage 
as acid rain . 

s r coal, coal thltt contains from 

1

3 C 5% sullur, might be thought 
01 th" lowest quality sulfur ore 

.... mined todl'" 
So the pr!)oir:m at electric power 

plan ts ":,8t bU/ n high-suHur coal is 
Ih while sulfu r Is present In thou · 
s! uf tons it stili is thinl y diluted 
to Hed wi th the sources of com­
rr.~rcldi sulfu r. 

illercfore, few utiliti es try to reo 
sulf ur. 
Congress or individual states 

ad ed polieles to dramatically re-

Clean gypsum cun be used in wall· 
hoa rd . But utilities would produce 
gypsum laced with other contami­
nants, including heavy metals. There­
fore, it would be useless. [t would be 
a gigantic, costly disposal problem. 

The costs for the iirst system tn­
eluded the cost of lime and landfill.· 
The costs of the secon::: group that 
saved the sulfur presumably were 
offset by th~ojected sal< of com· 
mercial sulf ur. But that price would 
change constantly, according to sup­
pi), and demand. 

People who think of sulfur as a 
resource deplore lhe loss of sulfur up 
the star.ks. . 

"Speaking as a citizen," sald Har­
old Fike, president of the Sulfur [n­
stitute, Washington, D.C" a research 
organilatlon. "you should recover 
the sulfur." 

Meantime, when they think about 
controlling acid rain, the US Environ­
mental Protection Agency and the 
utiliti es concentrate on the lower­
cost systems that would produce 
mountains of useless gypsurr. Instead 
of carloads 01 valuable sul!<r. 

Governments, being rragmented , 
are short si ghted . The Bureau or 
Mines sees sulfur, the resource. The 
EPA sees only sulfur, the pollutant. 

d suifur emissions to control aeld 
rain, the method at hand would be to 
lit existing power plants with suHur- , 
Cl 'I\g devices. 

~ re are dozens of variations 01 The public's Interest is two-fold: 
Ih Basically, they fall into two 
,roups: 

Q~. re. ts su lfur dioxide with 
,'1.; t: heminlls. Ilsually calcIUm. and 

Even so, with all their wastes, 
"r rubbers would be cheaper to Install 
ane operate than devices that pro­
ducetl commercial sulfur, according 
to studl~s done In 1983 for the Elec­
tric Power Research [nstitute, an 
il:<! "~try group. 
T ~E STUDY. CO~~LUDE.I? that 

• 
lilt! l;ust 'JI "":t, 1ll vitrlt:ues ur 
scrubbers ranged from 14 mills 

Also, a 1980 study undertaken lor 
the US Bureau of Mines foresaw 
shortages of commercial sulfur de­
veloping in the wMld and In the US 
b\' the turn of the cenl.ury . 

Protecting the environment and con­
serving the resource. A perlect policy 
would get sulfur out of the atmos­
phere and Into commerce, where it 
belongs. 

I 

An Editorial 

Acid rain action 

What dots the sugar maple In 
Ca nadian Marguerlt~ Stimpson's 
Ontario back yard have In common 
wit h Wisconsin's Morgan Lake In 
Flor~nce County? 

Both are suspected victims of acid 
raill. No one can prove It yet. but the 
Indicators are disturbi ng_ Stimjlson's 
maple is damaged at the top,)fte part 
directly exposed to rain that Canadi­
an scientists say Is Increasingly acid­
ic. In Morgan Lake, the !isll aren't 
reproducing. Wisconsin scientists say 
lhat's because the little, shallow 
waterway Is unhealthily acidic. 

-Perhaps neither of those s"Jall cas-
ual ties Is cause for global alarm . But 
JOllrna l science reporter Paul Hayes, 
in his recent series on "The Acid 
real!." noted oth er signs of troullie 
here and there : studies indicating 
that 3,500 of Wisconsin 's nearly 
15.000 lakes may be vulnerable to 
acid rain: New York's concern over ' 
201 lifeless lakes In the Adirondacks, 
where deciduolls trees are also dying : 
the decline of the Black Forest In 
Grrma ny . 

It may be, as some scientists sus­
pect. that many culprits are at work 
in cases like these , acid rain perhaps 
bping th. final insult that pushes 
stressed resources over the edg •. 
Ob\'lous ly. more r .. search must be 
done 

needed now 
But President Reagan has used the 

need for more study as an excuse ror 
inaction on the regulatory front. 
Even when some of Its own studies 
have strengthened the case for ac­
tion, the administration has resisted. 

Groups like the National Academy 
of Sciences make a ' strong case lor 
preventive measures now In order to 
stem what could be Irreversible dam­
age io the environment. Natural sys­
tems can collapse almost overnight 
when their capacity to withstand 
environmental contaminants is ex­
hausted . 

Just as the sources of the problem 
are complex, there is no single solu· 
tion. Rather, a diverse set or strate­
gies is in order. starting with nation· 
wide curbs on suitur emissions. 

While waiting for the political and 
economic struggle over that issue to 
play itseit out In Congress, Wisconsin 
- the 16th largest emitter of sulfur 
dioxide among the states - should 
move beyond Its current "cap" on 
suitur pollution and cut those emis­
sions by at least 30%. 

The best approach, In our view, is 
to let the utilities themselves decide 
how to do that. Controls might In­
clude phasing out old, polluting 
plants: increasing the use of low-sul­
fur coal: or installing scrubbers, de­
vices that w8sh the sulfur out of Ilue 
gases. 

II 

Each of those approaches has Its 
problems, of course. For example, II 
states cut back on burning hlgh-sul ­
fu, coal, miners in the coalfields of 
the Midwest will be thrown out of 
work. 

But it might be cheaper in the long 
run for the federal government to 
pay the cost 01 retralnlng or relocat­
ing miners (or subsldlzfng the older 
ones) than to burden consumers with 
the enormous expen.ses of (I) lAking 
the sulfer out 01 coal and (2) some­
how disposing of mountains pr dirty 
gypsum, a byproduct or the sullur­
removal process. And assistance for 
miners, along the lines qf programs 
for other displaced workers, certAin· 
Iy makes more sense than sending 
more than 13 million tons of pure 
sullur, a valuable resource, up the 
nation's smnkestacks each year. 

For WisconSin, an appealing alter­
native Is the prospect of someday 
importing surplus power from a pro­
posed hydroelectricity dam in Mani ­
toba . Hydro power could be 27 % 
cheaper than electricity generated by 
coal in Wisconsin. studies suggest; it 
would certainly be clea'ner. 

[n the mea ntime, consumers in 
every state have at hand an old allv 
In minimizing the ravages of acid 
rain: energy conservation. Every kll· 
owatt that need not be coal-generat­
ed Is an investment in cleaner air and 
healthier Itt'ltes and forests . 
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