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conipreheiisi\-e treatment of this subject is given by Max Rubner.' 
The  deteriiiinatioii o i  the anioiiiit of sulphur dioxide in the smoke 
stream is mucli more simple, since the c~mcentration c ~ f  the gas is co11- 

siderable. The  principal tlificult!. \\here high stacks are i l l  use is that 
t he  smoke stream shifts so rapidly that it is usually iiiipossil)It? to follo\v 
it. l h e  best time for such a determiiiation i h  at iiight. \vlicn the snioke 
often settles in a cloud in the vallc>-. 

Many interesting problems have arisen i n  this u.orl; \vhicli could not 
be solved on accouiit ot' lack of tiiiie. It is p(mible that the flue dust, 
as assorted by tlie tlues aiid c1ianil)ers. \vould supply a good field for 
work 011 the rare e!enients. -411 niial>.sis ixade 5everal !'ears ago g-avc. 
0.01 I per cent. vanadium. 0 . 0 2  j per cent. seleiiiuiii. aiid 
o.orh per cent. tellurium : ~\-hile a qualitative exaniiiia- 
tioil for the ordinar!. elemeiith dionetl  , ill additioii , 
the presence of silver, lead. bisiiiutli, cupper. arsenic. iron, aluminiuiii, 
niaiiganese, zinc. barium, calcium, inagiiesiuiii. sodium, ammonium, silica, 
water, sulphuric acid. chlorides. sulpliicles. sulphites. sulphates and a 
trace of organic matter. Other elements might have been present i l l  

traces. The  dust from the flue near the Stack, or iii the stack itself, 
contains n considerable amount of conccntratetl salphuric acid, xvhile that 
from near the furnaces contains much less. To this latter. together \\.it11 
the arsenic Ivith ivhich it is associated. is probal~ly duc niuch of the 
spotting of leaves which is so coiiinioii in smelter regions. This action 
of the flue dust is of far less importance than that of tlie sulphur dioxide' 
i n  affecting the gro\vtli of plants. in spite of some recent opinions to 
the contrx!. ; but the arsenic of the dust ma!. affect to a greater degree 
the value of the grasses, since it renders them poisonous. 

I n  conclusion, Lve \\-ish to express our special indebtedness to Ur. j o h n  
Masson Stillniaii, a-ho has helped us ver!. greatly in all of this work. 
\\.e wish also to thank Captain I>. \I,. Taylor for tlie design of tlic 
Pitot tube. Professor Robert Sibley for checliing the calculations, and 
I 'roiessor.; \\.. K. Eckart. Jr..  \\-. F. Duraiid. aiid .llbert \Y. Smith. for 
aitl. aiicl for suggestions as to the deterinination of velocit!.. 
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animals bj. various smelter wastes a few words in regard to the wastes 
that might arise from a plant smelting sulphide copper ore, are neces- 
sary. Three wastes arise which may be injurious to  vegetation or 
animals: First the sulphur contained in the ore is gradually given off 
during the various processes of smelting as sulphur dioxide which 
would have its injurious action on vegetation. Second, in case arsenic 
is present in the ores as it often is, notably a t  Anaconda, Mont., it is 
given off in the fumes from the smelter in volatile form and deposited 
on the surrounding land and crops, where it may be sufficient in amount 
to  poison cattle browsing on pastures exposed to it, or living on hay cut 
from it. In  case ores contain a considerable quantity of arsenic it is 
a common practice to recover as much of it as possible by passing the 
funies through long cooiing flues. This is done at  hnaconda, Montana, 
where the funies are passed through extremely long cooling flues, the 
condensed arsenic being obtained in the form of flue dust. Even under 
the best circumstances, ho\vever, some of the arsenic will escape from 
the top of the chimney along with the sulphur dioxide in the fumes. 
Third,  the tailings from the water concentration of the ore are dis- 
charged into convenient streams ; the slag is discharged in a finely divided 
form on a dump, and the "slime" is left in piles in the open air. Both 
of the latter are  exposed to the percolation of any rain that might fall 
and the slag is also exposed to  the action of the water discharged from 
the smelter. In  consequence of the above the streanis receiving the 
waste water from reduction plants, may contain a comparatively large 
amount of copper in suspension, and are apt to contain some copper in 
solution. If these streams are used for irrigation purposes, a possible 
source of injury to vegetation is to be taken into account in considering the 
action of the copper present on growing crops. 

In the first case of this kind studied b! the writer in the vicinity of 
Redding,' California, no complaint had been made of the injury from 
arsenic or from copper, so that the only problem considered was the 
action of sulphur dioxide funies on the surrounding vegetation. 

Although the results of this Redding investigation have been already 
published a resum6 of the results obtained will be given, in order that 
the reader may understand further work that has since been carried out. 

Injury t o  Vegetation by Sulphur Dioxide Fumes, near Redding, Cal- 
ifornia, In  carrying on this investigation it was first necessary to  show 
whether or not sulphur dioxide was injurious to plant life, how small 
a quantity was injurious and through what organs of the plant such 
injury took place. Light is thrown on this subject by the work of 
foreign chemists. Freytag? showed that sulphur dioxide does not in- 

Bull. No. 89, Bureau of Chem , U. S .  Dept. of Agr. 
Mitt. d .  Konigl. iandw. Akad. Poppelsdorf, 1869, 2 .  
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jiire the plaiit througli the roots, li;,. ivatering i5;Iieat. oats and pcai 
\\.it11 large aiiioiiiits vi dilute sulphurous acitl ant1 iiutiiig tliat tlic pl;iiit? 
neither \viltc,tl iicir \vas their c r q )  L-ieitl rctlucetl. \ . ( i n  Schroctler aiitl 
Dumoiit’ 1 ) ~ .  an in\-estigatioii 011 pines iiiatlc i i i  I ~ g 6  sliowctl that  tlie 
iiijiir!- t o  vegetation li! s ~ i l l ~ h u r  tliozitlc i,G iiot 1))-  iiicaiis of the I-oots 

I)liur tliositlc ai-e iiijurioiis, 111 a latcr in\ tigatit.m thcy  sho\vcd that 
o i i  funiigatiiig pities 109 tiiiics \,.itli I p r t  t sulphur tliositlc to IOO,OOO 

parts of air. g u t  iiijur;\. \\.:is iiirlictctl aiid that on fiiiiiig-atiiig a iiumbcr 
of pines $3 times ivith I l n r t  o f  sull’litir tlicisitle t o  I .ooo.ooo parts of 
air, i i i j i i i - ~ .  \vas also to  lie :iote(l. 

Tlic tletxil.: of thc i\x)rl< i i i  tile T$vi-itvr o i i  iiijiii-!. t c~  .\iistraliaii pines 
and >xiiiiig co\\. peas are  givim in 1;~ilI. Py of tl:e I:urcau of Cheiiiistry. 
I t  is onl!, ntxessar!- lierc t o  iiiciitioii the results uhtaiiieil. 

I’ine trees iiiiiiig-atetl o tiiiics \vith I part o i  s~ilp!iur dioxide to 

100 parts o f  air slio\vetl great iiijiir!.. .‘ill or’ tiit. iieetiles \\-ere tlroopiiig 
aiitl iiearl?. all ha[l tiirne(1 !.eliinv 01. I)ro\\.ii. 

I’iiic t rcm fumigated 9 tiiiics \\.it11 I part o i  sulphur tliositle to 
1000 parts of air ivcre greatly iiijuretl i i i  the  saiiie iiiaiiiier a s  tlie plaiits 
just clescrilml. 

l’iiic trees fuiiiigatetl jo  tiiiics ivitli I part o f  sull)hur tliosicle to 
10.000 parts o f  air \yere badl!- iiijuretl. 

C‘on. peas iuniigated IS tiiiicls ivitli I I m t  of :;dpli~lr (lioside t o  
10.000 Ix~rts o i  air lost all their leaves ant1 coiilcl iiot IIC. revived altliouglr 
carefull!. ivatcretl ant1 teiitletl outsitlc tlic fuiiiiptioii cliaiiiber. 

j th .  I’ine trees fiiiiiigatetl 30 tiiiies Ivitli r part (of ,sulpliiir tlioxitle tu 
30,000 parts of air s h o \ v e ~ l  tlccitlcd iiijiir!.. 

I t  \vas iicst iieccsstr!- to slio\\- that ti.cating plants ivitli siilpliur dioxide 
increased the sulphur triosi(1e coiiteiit o i  the leaves so that it \vas preseiit 

er quantities i i i  the treatc(1 l h i i t s  than in the untreated oiies. - 1 s  
.sal-!. coiiscqiiciicc t . ~ f  such an iiicrease the siilliliur triositle content 

of the ash of fuiiiiptetl I)laiits \voiiltl lie apt to be higher than that oii air 
1iiifiiii3igatetl ylaiit. 

111 the i\-ork o f  I-oii Schroedcr aiid 1)uniont previously mentioned, 
\\-here tliffereiit parts of tlie plaiits \\.ere treated with ~ a r y i i i g  strengths 
of sulphur dioxide tlie sulphur triositle content of tlie treated plants was 
in excess of that of the control nlants in every case, ant1 tlie percentage 
of sulphur trioxide in the ash of tlie treated plaiits \vas higher than 
that iii the ash of the control plants. The same \\-as foiiiicl to be true oii 
making aiial!.ses of the plants fuiiiigated by the \\-riter. From the above 
results a method was at once suggested for determining whether trees 
aroiiiitl a snieltcr \\-ere killed by tlie fumes or died froiii other causes. 

hut through the lea\  . aiitl that CI‘CII estreiiiel!- iiiiiiiitc clu;iiiiities of s u -  

I s t ,  

a n d .  

\3i-tl. 

4th. 

Therander f (  rstl. Jahrh., 1896, 46:r .  
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The  next step in the investigation was to see whether the dead and badly 
injured trees around the Mountain Copper Co.'s works near Redding, 
Cal., tisitally contained more sulphur trioxide than trees of the same 
species which stood close by in the same soil but were not killed. Of 25 
pairs of trees examined in various directions from tlie smelter 80 per cent. 
contained more sulphur trioxide in the leaves of the injured trees than in 
the leaves of the uninjured ones, while only 20 per cent. showed the re- 
verse. I t  was further shown that 80 per cent. of the injured trees con- 
tained a larger percentage of sulphur trioxide in tlie ash of the leaves than 
tlie uninjured trees.' 

I n  a similar investigation in the vicinity of a zinc smelter at  Lethmathe, 
Germany, reported in Haselhoff and Lindau's work on Injury to  Vegeta- 
tion by Fumes, one especially conclusive examination was made of the 
foliage of the surrounding vegetation. The worker here, instead of 
selecting the trees in groups of two from the same location, one injured 
and  the other uninjured, took his ikjured trees froiii points near the smel- 
t e r  and his uninjured ones to compare with these from points much more 
distant from the smelter, but in the same direction. (LVhere this can 
be done the results are even more conclusive than the results obtained by 
the writer by his method, but unfortunately the rugged nature of the 
country in the vicinity of the smelter a t  Redding forbade the use of 
tion by Fumes, one especially conclusive examination was made of the 
89 per cent. contained more sulphur trioxide both in the leaves themselves 
a n d  the ash of the leaves of tlie injured trees than in the uninjured ones. 

Three or four years later this same region around the zinc smelter 
was again examined and it was found, of IS, groups of trees examined 
all contained more sulphur trioxide in tlie leaves of tlie injured trees 
than in those of the uninjured ones. 

I t  might be of interest to  give some idea of the amount of sulphur 
dioxide given off by the plant of the Mountain Copper Co. each day. 
J t  was found that the ore contained about 41. j per cent of sulphur and 
about 1,000 tons were smelted daily, so that approximately 748 tons of 
sulphur dioxide were given off into the atmosphere each day. 

From this work in the vicinity of the smelter near Redding, California, 
the writer drew tlie following conclusions : 

1st. Sulphur dioxide, when present in very minute amounts, kills 
vegetation. 

2nd. Such injury shows itself by an  increased sulphur trioxide content 
of the foliage. 

3rd. T h e  vegetation around the smelter for at  least 3% miles north, 
9 miles south, 2% miles east, and 5 to 6 miles west, is greatly injured, 

For a full discussion of this subject see Bull. 89, Bur. Chem., U. S. Dept. Agr. 



ant1 less severe injury extends even bc.!.oiitl thew liiiiits for :! coii.~itlernhIe 
tli s t a iice. 

Injury to  Vegetation By Sulphur Dioxide Fumes Around Ducktown, 
Tennessee. The nes t  investigation ( ~ f  iiijiir!. tci \.cg:ctatii,ii 11;; siiiciter 
fumes carried on by the writer I\YI\ in the 1-iciiiit!. oi i )uckto\\-ii, Tcnn.'  

I l e re  again the only injury coinliIaii i i~I nf \\.:is thxt tiiic to the actioii 
of sulphur dioxide 011 vegetation. so ivil!- this prolilcni \vas studied. T h c .  
cheinist in this investigatioii \\.:is accoiiipaiiietl I)!- ni le  of tiic foresters n i  

the Departiiieiit of :\griculturc. aiitl oiil!. samples of those trees \\-ere coj- 
lected \v!iicli tlic forester \\.as i-c.as, cia! 11): <;lire had not tiictl from insect 
pests, forest fires, cro\vtling. o r  c)tlicr ci o~iiiioii causes c l i  furcst destruction. 

Eefore goiiig into tlie tliscussilm of the chemical analysc.~ a short :!e- 
count of the general situatioii ot' tlic yinelters aiitl the condition of thc 
surrountliiig vegetation as it appcarccl 10 tlie Tvritci-. \vi Itil(1 not he oiit i ) f  

place. 
Loco I io i i of S 11 1 r 2 f r  rs (1 I I ti .-I p f ( 't i  ri I r ( ,c D j 5 I 1 i'ro 1 L I i ti i t i ,q I c:;.('t ti  f io I I . 

T\vo smelters are iiivolvetl, 1st. the zinrltcr u t  the Tciiiie 
ant1 the Smelter of the I)uclito\vii Salphur Copper :lilt1 ircjii C'O. Thest, 
are situated in a valley almiit 7 to I C )  iiiiles 1)roatl : t i l t1  ;i!~~~i-~isiiiiatcl!- 10 

miles Io~ig, from I to L miles S. \ \ - .  alii1 $. E, rcbl)cctivt)l!., c ) t '  Lhicli- 
to\vii. To the east, \vest. antl north fairl!. high iiii)unt:iins separate lhis 
valley from the adjoining coLiiitr>-. 'l'n~,\ arrl the south t h y  valle!. is gratl- 
ually lost in  the foot hills of adjacent inouiitains. - \ t  the northerii ciitl 
of this valle!. the Hi\vassec River inakcs a v.it t11ri)iiqIi the iiiotiiitaiiis in  
approxiniatcly an aster]!. ant1 \\-cstci-l! tlil-ectioii. . i t  :tl)out the niitltlli. 
of the long tliameter of this valley tlie ( koee l<i,~w.. runiiiiip iii appl-():ti- 
~iiatcly a north ivesterly antl soutlicastcrl!. tlirectioii. tlo\vs across th<s 
valley atid cuts tlirougli tlie mountains 011 tlie \vestern sitle of the valle!-. 

1 lie tlirectioii of prevailing xviiitls iluriiig tlie stiiniiici- seems to be i:l 

a north ivcsterly ant1 south easterl!. tlircction. I f  thc fumes are the camc 
o f  tlie destructi~iii of the vegctatioii ~ i i t '  \ v ( ~ ~ i l t l  cxlwct t h e  grcaatest dainagc 
i i i  this val1c.y i n  the tlirectioii of the prevailing ivintls :mil  in  the cuts matlc 
by the rivers throiigh the, nioLuitai:is. That stich i,  ilit. triie tlistributioii 
o f  the (lamage \vi11 lit. iiroiight ( n i t  latr.l-. 

carefnl general iiispectiori uf the  country arountl the smelter sho\vs 
that tlie area o f  ver!. . ere damage csteiids around the smelter in the 
forin of an irregular ellipse. \v i th  its long tliaineter in a S.X.\17. and S.S.E. 
direction, the total length of the long tliameter is aliout 2 2  inilcs, atid of 
the short diameter about 15 miles. The area of perceptible tlamage e s -  
tends heyolid the ahovc area for a distance of I to G miles. ;I, secoii I 
trip was made to this affected area a year later than \vlicli the abovc 

1 The f u l l  tlet:Lilb of this work will be given i n  a future balletin of the Bureau 
of Cheiri. 

, \  

Only the pr incipal  resiilts obtained are given here. 
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observations were made, and it ivas found that severe damage could 
be noted in isolated areas about 20 miles south of the smelters. 

In connection with this tour of observation, one point should be 111eIi- 
tionetl which came under the observation of the writer in a very forcible 
manner, and that is that different species of trees vary greatly in their 
susceptibility to sulphur dioxide €:lines. For example, in the territor!. 
around Ducktown the white pines u.ere injured or  entirely dead when no 
other trees showed any injurious effect in the slightest degree. On the 
other hand, the post and white oaks and red maples \yere very resistant 
to the fumes and would grow very close to the smelter without seeming 
injury. Eetween these two limits were the Black, Red, Spanish, ant1 
Black Jack Oaks, and the yellow and scrub pines, which were neither 
so easily attacked as the former nor so resistant as the latter. A care- 
fully arranged table was made out by the forester, showing in esactll- 
Lvhat order the various species of trees were arranged as regards resist- 
ance to smelter fumes, but the above examples are sufficient for the 
present discussion. I t  might also be mentioned that individuals of certain 
species seemed to possess a certain immunity to the fumes and woul<l 
grow some times within the area where it seemed impossible they coul(1 
(lo so, but in the grear majority of cases the divisions between the various 
species ivere perfectly apparent to a trained eye. 

Having observed how far damage extended in the various directions 
from the smelters of Ducktown, samples were taken to prove or disprove 
that this injury was due to the sulphur dioxide given off. For  this pur- 
pose, samples of the dead and injured trees surrounding the smelter were 
examined, as well as the uninjured trees of the same species beyond the 
range of apparent injury by the fumes. The  sulphur trioxide content 
of the dead and injured trees \vas then compared with that of uninjured 
trees of the same species situated beyond the seeming area of (lamage. 
The soils of the injured trees were of course coinparetl with those of the 
uninjured trees beyond the limit of damage to show that any increase that 
might arise in the sulphur trioxide content of the injured trees coiiltl 
r o t  be due to an increased amount of sulphur trioxide in the soil. 

If the sulphur trioxide content of the uninjured trees situated much 
farther away from the smelter, is less than that of the injured trees situated 
:iear the smelter, and yet the sulphur trioxide content of the soils in which 
the trees grow is the same, or  nearly the same, in both cases, then this in- 
crease of sulphur trioxide in the injured tree must have been absorbecl 
from the air. If the sulphur dioside was so absorbed from the air, it must 
have been that which killed the trees, or at least helped to  kill them. 
since we know that small amounts of sulphur di- and trioxide, when 
absorbed by the leaves of trees, kills them. In the absence of insect pests 
in suficient numbers to cause great injury, of forest fires, and other or- 
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ilinary causes for the death of trees. lve can oii l~.  tlran. tlie conclusion that 
it was the sulphur dioxide only that killed them. 

;Ittention should be here called to the fact that this n!ethc,tl of compar- 
ing injured trees and Luiiiijureti trees is mucli better ant l  inorc conclusive 
than the method follon.ed by the m-iter ;it Redding-. Cal., and should 
untlouhtctlly be follo\ved in all ca \\.liere such comparison is possible. 
T h e  country arountl Lhicktonn easily lent itself to carrying out the in- 
\.estigatioii in this \yay, while in the countr!. around IhJd ing ,  California. 
such a mcthod of \vorl;ing out the proble111 \vas practically impossible. 
Of 49 such coniparisons. in 46 cases or 94 per cent of the cases exaininetl. 
tlie sulphur trioxide content of the injured trees ivas larger than that of 
the tmiujured trees, at  a greater tlistaiice beyond the range of seeiiiinglv 
significant tlamape. 

i n  82 per cent o f  the cases examined the sulphur trioxide content of the 
ash o f  the iiijuretl trees was largcr than the suiphur trioside content of 
the iininjiiretl trees situated beyond the range of seeming tlamage. 

l>i\.itiing these trecs into 4 groups accoi-ding to their tlirection fronz 
the siiirlfer \ve have the folloiviiig results. 

i i i  a iiorthrrl!. tlirectioii i n  100 pr r  cent of the cases esaiiiiiied the leavrs 
of the injured trees contain a largcr percentage of sulphur trioxide than 
the leaves of the iminjured trees. antl in 81 per cent of the cases e s -  
aminetl the ash of such injured trees contailis a larger percentage of 
s~ i lp l i~ i r  trioxide than the ash of the iuniiijured trees. 

In  an easterly direction in 100 per ccnt. of the cases examined the 
leaves of tlie injured trees contain a larger percentage of sulphur trioxide 
than the leaves of the ~minjuretl  trees. anti in j 5  per cent. of the cases 
esaminetl the ash of such injured trees contains a larger percentage of sul- 
phur trioxide than the ash of uiiinjuretl trees. 

In a southerly direction in j j per cent of the cases examined, the leaves 
of the injured trees contain a larger percentage of sulpliur trioxide than 
the leaves of the uiiiiijured trees, and in G!.) per cent of the cases examined 
the ash of such injuretl trees contains a larger percentage of sulphur 
trioside than the ash of uninjured trees. 

In  a \\,esterly direction in IOO per cent of tlie cases cxamined both the 
leaves and the ash of the injured trees contain a larger percentage of 
sulpliur trioxide than the leaves of the uninjured trees. 

From the above investigation in the vicinity of Duckton.n, I would draw 
the folloiving conclusions in regard to the distribution of injury by the 
smcltcr fumes : 

I st. That  the vegetation around the smelter appears from actual chemi- 
cal analysis to be injured for at  least 10% to I I  miles north of Duck- 
to\\-n, 8 miles south, 5 to .;% miles east and s:< mile,.; west. (tlown the 
Ocoee River).  
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2nd. That there can be but little doubt that the injury extends be- 
yond the limits mentioned in ( I ), but it cannot be shown by chemical 
analysis since the difference in sulphur trioxide content hetween injured 
and uninjured trees becomes so small as to be \vitliin the limits of ex- 
perimental error. 

-\ third extremely 
iniportant study of injury to vegetation and animals by snielter Lvastes is 
now being carried on by the ivriter in the country surrounding Anaconda, 
Montana. Here the huge smelter of tlie -\inalgamated Copper Co. is sit- 
uated, roasting, n h e n  running at  full head, about ~ o , o o o  tones of ore 
per clay. This ore is said to contain quite large quantities of arsenic. 
This smelter is situated in a semi-arid country, where irrigation is prac- 
tised, the snielter discharging its wastes into certain of the streams that 
are usecl for irrigation purposes. There are therefore 3 distinct prob- 
lems to be worked out in connection with the injury by the smelter. 

1st. \\.hether or not the vegetation is injured by reason of the sul- 
phur dioxide set free. 

2nd. \l~71iether or  not enough arsenic is set free to settle on the sur- 
rounding vegetation antl poison the forage plants so that they a re  unfit for 
cattle. 

3d. \\-hether the waste \vhen discharged into the irrigation streams, 
renders the water unfit for irrigation purposes. 

The  writer has started a study of all of these problems and has obtained 
enough data to draw tentative conclusions, but the work is still going on, 
antl final results cannot be reported till later. 
.\ few words of introduction are necessary in regard to tlie situation 

of the smelter, the appearance oi the surrounding country and the injur!- 
claimed by the farming community in the vicinity of the smelter. 

The  snielter is situated on a high hill to\\-artl the southern end of Deer 
Lodge \-alley, \vIiicli is about 3 j  miles long ant1 4 to 6 miles wide. I t  is 
nearly at  the junction of Deer Lodge T:alley and Hot  Springs Creek 
Valley. To the north, south, east and west of this valley are quite high 
ridges of mountains which are cleft here and there by the valleys of small 
creeks, Hot Springs T'alley being one of the largest ones. Down the 
center of the Deer Lodge TS7alley runs Deer Lodge River into which are 
carried the tailings from the smelter. Xs I have said before, this river is 
used for irrigation purposes, although a large number of the farmers 
say that it is injurious and prefer to get their water from small creeks 
coining down from the mountains on either side, and only use the Deer 
Lodge River when it is absolutely necessary. The  country immediately 
surrounding the smelter and in the Deer Lodge Valley proper, has never 
been wooded at  all. I t  is only when we get toward the tops of the ridges 
and along the valleys of the various small streams and beyond the ridges 

Investigation in the Vicinity of Anaconda, Mont. 



I 006 J .  Ii. HXTWOOD 

that the land is forested to an\. extent. Iksities tliih, forest fires have 
swept over certain oi the inountains in  the past. so that all dead tiniber 
caiiiiot he ascribed to sulphur dioxide t'ri.)iii the siiielter. F-Io\vever. eiiougli 
trees are present ivithiii a radius or' io ti) I 5 iiiiies irom tlie smelter. 
xvhich have not been injuretl in ail!. \\-a!. by the forest fires, crowding, 
iiisect pests, etc.. to bc able to judge Ivliat the esteiit of the damage I)? 
d p h u r  dioxide has I)c.en antl is. The three principal species of trees in  the 
neighborhood of the smelter are the L o t l p  l'ole pines, Junipers, and R c ~ l  
Firs. l h e  difference in their resistance to sulphur dioxide fumes is very 
iilnrketl and can ea.Gil!. I)c ohservetl 1)). ail!' one \vho chooses to drive over 
tlie country. 

l'rips \\-ere made by the writer and a forester for about 20 miles north, 
10 miles south, I j miles west and 6 miles east. Immediately surrounding 
tlie smelter practically all trees are either dead or  severely injured. .i 
ver!- few trees still stand, to which those who do not believe in the in- 
j ~ i r i o ~ i s  effects of smelter funies point with pride as being esaiiiples of the 
iact that sulphur dioxide does not injure vegetation. Since, Iiowever, hun-  
tlreds of the same kind of trees are killed outright at  I O  times the distance 
a\\.ay of these ui~injured trees, the force of the arpuiient is cntircl!. lost 
slid the uninjuretl trees only appear to a tlisinterestctl part!. as curious 
exaniples of intliviclual resistance. 

Chi the ivholc a carefvl csaniination slimrs that the forests are evi- 
<lrntl!- injured t'or at  least 14 miles north, aii indefinite distance east. 8 
iililes south ant1 13 t o  15 miles \vest (up  \\.arm Springs Creek) ,  The  
injury to Lodge Pole pines does not estcntl this far hut the injtir>- to Red 
Firs evidentlj. does. Samples of iiijui.ec1 foliage near the smelter arid or' 
i;iiiiijured foliage heyoncl the range (.it seeming smoke tlainage were col- 
lrctecl just as in tlie case of tlie Tlucli to~~ii  region. The results of this 
\ w r k  are not yet conipleted, hut 12 coiiiparisons have been made of injured 
saniples collcctetl i n  a southerly antl \vesterly direction from the smelter 
\\Mi samples of the same species of trees collected beyond the range of 
seeming smoke iiijur!.. I11 eleven of these cases or 92 per cent the injured 
leaves contained more s d p h u r  trioxide than the uninjured otieb. 

The  nes t  claiiii iiiatle by the farmers anti requiring investigation. is that 
ciiough arsenic is given off from the stacks of the smelter to settle on the 
s~irrouiitling forage crops and so poisnn the cattle. To prove this it is first 
i-ecessary to shon. that the ores smelted at  this smelter contain arsenic. 
F:xaminatioiis of three samples of ore, taken personally from three tliffer- 
ci1.t mines which partly supply the smelter, were niatle antl the following 
xiiotints of arsenic obtained : 0.5 J per cent : I .  I 7 1)er cent : and 2. j 4  per 
c-iit. Of coiirsa a large amount of this is condensed b ~ .  the condensing 
tlties used at  the smelter. ho\\.ever a larger or smaller quaiitit!- uiidoubtedl!. 
escapes from tlie c1iii::iiey. Tt is next necessar!. to sl io\v that the escaping- 
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arsenic settles 011 t h e  surrounding forage crops in large enough amounts 
to be injurious to cattle. Fo r  this purpose about 20 samples of range 
grass and such cultivated crops as alfalfa were collected for distances 
var!.ing from I to I O  miles from the smelter in various directions, but 
iiiore especially down the Deer Lodge Valley. Ten of these examinations 
have been made and the results given below obtained. The  arsenic was 
deterniined by first destroying the organic matter with arsenic free nitric 
and sulphuric acids and then determining the arsenic by means of ar- 
senic mirrors, using a modification of the Sanger method. 

Arsenic Content of Forage. 
MYS. of As. 
per .  g. of 

dry  sainple .  
Bunch Grass 2 miles N. Smelter..  .................................... 0.078 
Alfalfa 2% " ' I  ' '  Supposed to have killed cattlc. ........ 0.052 

Description of Samples .  

Pasture " j " " ' '  .................... 0.052 

Red T o p "  1 I '  9. E. " ..................................... 0 .021  

5 ' '  S. E. ' I  Supposed to  ha 
A1 f a1 f a IO ' /  N. E. ' I  ............... 
Bunch Grass j ' I  E. I '  ...................................... 0 .032  

Field ' '  6 ' '  E. " Snpposed to have killed cattlc. . . . . . . . .  0.042 
6 " E. ' '  , / ' ,  $ 8  ......... 0.031 Hay 

Bunch Grass 6% '' IY. ...................................... 0.042 

/ '  " ( 6  

From the above table it will be noted that arsenic was found in coii- 
siclerable quantities in every sample examined. Calculating this arsenic 
to a ration of 20 pounds of the dry forage we find in the case of the 
forage containing the least arsenic it amounts to about 3 grains per day. 
while in the case of the forage containing the largest quantity of arsenic 
it amounts to about 10.9 grains per day. It may be seen from the above 
that in order that the cattle in this region live at  all they must become 
confirmed arsenic eaters, in much the same way as the mountaineers of 
Switzerland. Through the courtesy of Dr.  D. E. Salmon, the writer n x s  
able to examine sections and gross specimens of the viscera of a number 
of cattle that were suspected of having been killed by eating forage coii- 
taininp arsenic as above. It was noted that the gastro intestinal tract 
was inflamed and the glands of the stomach and the kidney on section 
showed desquamation of epithelium, cloudy swelling and in some cases 
fatty degeneration. The  symptoms described by the farmers include in- 
flaniatioii of the mucous membrane of the upper air passages, running 
from th? nose, and incoordination of gait. From the above symptoms and 
post niortem appearances together with the amount of arsenic found in the 
various forage plants, there can be but little doubt that the cattle were 
killed by arsenic. 

The  third point claimed by the farmers and needing investigation, was 
A description of the  apparatus used is given in Bull. S6, Bur. Chem., U. S. 

D pt. o f A g r .  
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the injurious effect of the Deer Lodge Rii-er \\-atel- on farm crops \\-lien 
used for irrigation. 1 t is e\.iilent froiii ; i n  inspectioii C J ~  the IIec.1- I A J C ~ ~ C  
River that treiiieiidotis clmtitities CJI' \\-aste matter frotii the plant iintl.< 
its Iva!. into the stream. i t  i b  a l h i j  evi(Ieiit from the iiiethotl of operation 
that these ri-aste prixlucts must coiitaiii soiiic copper. This copper is to a 
large cxtent i i i  the foriii of finely t l i ~ i t l e t l  copper 3iilphitle. \\-liicIi \ve l;no\\- 
i i i  nature foriiis soluble copper sulphate by  gratlunl oxitlatioii. \\-e \voultl 
tlierefr>rc, expect that i f  this material \\.ere put 011 tile lantl it \\.c~ulcl gratl- 
~iall!. oxidize tc ;I soluljle form i i i  \,-Iiicli coii(Iitioii c\.e:i \.el-!. iiiiiiiite quaii- 
tities of it \ \ o u l c l  be iiiorc o r  1~s.; iiijuriotis to  yegetaticxi. I t  h:\s been 
urged that eveii i f  soluljlc copper \-$.ere foriiie(1 i i i  the Dccr Loclgis River 
o r  subscqueiitly mi the laiicl it \vc!:tlti lie iniiiiecliatel!- rendered insoluble 
again liy tlie action of carlmiatcs an(l  1,icarlioiiates present in tlie ivater 
ant1 soil. On tlie surface tliis looks platisihle, hut Skinner' has slio\vii that 
such is iiot tlie case, liut tliat \\.lien so1ul)le col)per salt.. arc Iirouglit i n  con- 
tact \\.it11 solutions containing carlmiates aiitl l~icarlionate~ ciiougli copper 
still remains in solution t o  ljc toxic t o  plants. 

Samples of the \vaste lyatcr, from the plant.  from t h y  I.)eer Lodge River 
just aitci- the ivaste \vas emptied into it,  and froni t h e  I k e r  T,odgc. 
Rivt.r a t  inlet of the \\.astc, \\.ere 
talmi and the insoluble and soliible copper cleterminccl. 

Copper Content of Water Samples 

lmious  distances from the point of 

The folloiviiig results \ \ e re  o1,tainctl : 

Dercription of Saitiple5 It isoluble Soluble 
Copper  Copper  

p a r t s  p e r  parts per 
iriilliou million 

\Vaste water of smelter. . . . . . . .  . . . . . . . . . . . . . . . .  31.0 0 . O j  

Deer Lodge River, I;< miles below entrance of smelter kvaste . . 1 2 . 1  0.77  

Deer Lodge River S miles below entrance of smelter waste.. . . . . . . . . .  6.4 
s be los  
. . . . . . . . . . . . . . . . . .  0. j I  3.' 

Tt is evident from tlie almve that tlie plant discharges large quantitit\s 
of copper into the Deer Lodge River and that even at a distance of 16 to 
18 miles belon. the point \\-here the tailings are discharged. a coiisitlerablc 
quantity of copper is still present. Since it has been proven by Heald ' 
that seedlings of I'isuni Sativuni are killed when the solution contains I 
part of copper in 404,423 parts of water and that Zea Mais seedlings are 
killed in  a solution containing I part of copper per 808.846 parts of 
rvater ; since it has further been proven by other investigations that even 
smaller quantities of soluble copper than the above are injiirious to plant 
life ; it would appear that the Deer Lodge River water even at a distance 
of 16 to 18 miles helow where the tailings are dischargetl. is not fit for 

Deer Lodge River 6 miles below entrance of smelter waste . . . . . . . . . . .  I 2 . 0  0.1 .j 
0.22 

Deer Lodge Xiver at Deer Lodge, a 
entrance of smelter waste . . . .  : 

Copper Salts in Irrigation &'aters. 
Rotan. Gar. 22,  142. 

This Journal 2 7 ,  ( r g o b ) .  



PORTABLE PHOTOMETER 1009 

irrigation purposes, and will eventually i f  not at once seriously injure land 
to which it is applied. 

To further prove that land irrigated bv the Deer Lodge River contains 
excessive amounts of copper, samples were taken a t  various distances from 
the smelter with the idea of determining in them both soluble and insol- 
uble copper. Several of these have been examined but the results show 
such excessive amounts of copper that the writer is not lvilling to publish 
the results until he has confirmed them by collecting and examining new 
samples. Tha t  considerable quantities of copper are present in this soil, 
however, is undoubtedly true since the soil along the edges of the ir- 
rigation ditches, 12 miles and more below the inlet of the smelter waste 
into the river, is colored distinctly blue with copper. Further than this, 
the writer tested the soil on a farm irrigated by the Deer Lodge River 
ua te r  IO to 12  miles below the inlet of the tailings, with his knife blade 
and was able to obtain an  excellent coat of what afterwards on examin- 
ation proved to be copper. 

Ailthough the results of the examination of the injury to vegetation and 
animals by the Anaconda Smelter is not completed, from the lvork already 
done the following definite conclusions can be d rawi .  

1st. The  vegetation around the smelter for at least 7 to 8 miles south 
and 13 to I j miles west is seriously injured. 

2nd. The  Junipers a re  very resistant to smelter fumes and appear able 
to grow close to the smelter; the Ked Firs are very susceptible to the 
fumes and are badly damaged at  distances of 13 to 15 miles from the sniel- 
ter ; Lodge Pole pines are intermediate between the other two species of 
trees, but shorn damage for at  least I O  miles. 

3rd. Large quantities of arsenic are discharged from the smelter on the 
surrounding country, being present in forage crops in large enough quan- 
tities to poison cattle. 

4th. The  waste from the reduction plant discharged in the Deer Lodge 
River renders it unfit for irrigation purposes. 

A PORTABLE PHOTOMETER. 
BY JAMES A.  EVANS. 
Received May 11, 1407. 

During the years 1901 and 1902 the writer was Gas Inspector for the 
city of Cleveland, Ohio. During that time it became very urgent to know 
in concrete numbers what caiidle power the street lamps were producing, 
because the contract for street lighting was given on the basis of a 
definite candle power, with a penalty for falling below the specified 
standard. 

T h e  lamps were mantle burners with glass chimneys and enclosed in 
glass globes. We They were fed by artificial gas and by gasoline. 


