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The determination of the coiistituent. or' smelter smol.;e is important 
for t i y u  reasons : many of the constitucnts have considerable commercial 
valiie, while a large number are poisonous i:i ix:!.ing degrees to plant 
and animal life. Under the first class i l l  come sulphur dioxide, sul- 
pliuric acid, copper, lead, zinc, arwliic. antimony. and certain other 
substances. It \vi11 be seen that these same substances belong in some 
degree to ehe second class as well, 50 that  the  solution of the  problem 
of recovering the ccoiiomic values from the smoke x i 1 1  also solve the 
problem of lessening or preventing its injurious action. 

I t  will be the purpose of a series of articles, of \\-hicli this is tlie first. 
to point out the chemical facts \vhicIi 1iial;c ~ l i c  so!ution of these problems 
so essential to the \\elfare or' many extensive districts in the \vest. as \vel1 
as to some in the east and south of mir cciuiitry. The rvork whicli led to 
the publication of this special article. \vas thc estimation of the amount 
of arsenic expelled iroin the greatest of the ivorld's smelters-a plant 
which lias a capacity of ten tlioiisand tons oi ore per day. and the out- 
piit o f  ivhicli fur 1~106 \vas cstiiiiatctl as eleven aiid one half per cent. 
of the world's production of copper. Compare ivith this the Freiburg 
smelters at the time of the ivork of 1lauhner1, Siissdorf23 Fre!tag3, tak- 
ing the date 1870. :It this time the t\vo smelters. the ~ l i i l d e n  and Hals- 
bracken, treated daily allolit sevcnty tons of ore. *According to Haselhofi 
and I,indau', all tlie ,smelters o f  the Lower Har tz  use nnnuallj- 01111~ 
sixty-three tliousantl tons. this being the amount for the year 189). 13 
this country, the Garfield 1:each smelter. Ytah, is to lie enlarged to a 
capacity of eight thousand tons per dag, while tlie Great Falls, Mon- 
tana, smelter has now a capacity of three tliousand five hundred tons 

Haubner, Die durch Hutteiirauch veranlassten Kranklieiteii des Riiidvielies 
irn Huttenrauchsbezirke der Freiberger Hiitten (-4rch. f. wiss. ti. prakt. Tierheilk. 
1878, 4, 97-136; 241-260.) 

Sussdorf, rlllg. Deut. lialurhist. Ztg., Hamburg, I (1855), KO. 3 ,  9;. 
Freytag, M. ,  Jahrb. f .  d. Berg-u. Huttenwesen im Kotiigr, Sacliseii R i l l  d a ;  

Jalir. !573,  Ahh. j. -, (1. C. I 8 7 j ,  A b h .  3 ) .  
' Hasellioff und  Liiidau, Kauch-Hesch~digui i~ ,  p. 14;. 
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per day, and wiil soon be made much larger. In Kevada, the El;: 
smelter is to treat from ten to tiventy thousand tons of ore per da!. 
Many other great plants could be named, but these examples are suf- 
ficient to show that the problem of injury by smoke is a much more 
important one in this country than it is in Germany, at  least in so far as 
the magnitude of the smelting operations themselves is concerned. 

During the last few years there have been numerous complaints from 
smelter districts, that the trees and grass are not only injured in their 
growth by the sulphur dioxide and sulphuric acid of the smoke, but in  
some way the  grass is also rendered poisoiiou5 for horses and stock, 
probably as the result of the deposition of mineral poisons. This calls 
to mind the investigations made in Germany in the year 1S4g by Stock- 
hardt, '  and i n  1853 by Stockhardt aud Frange,'  who decided tha t  the  
poisoning caused by smelter smoke was due to the action of lead. HOK- 
ever, tlie later investigations of Sussdorff and Haubner, as referred to 
above, show conclusively that the principal damage was caused by ar- 
senic, and not by lead. 

The investigations which led to the publication of this series of articles 
on smelter smoke, were begun by one of us Harkiiis) in the year 1902, 
about ten months after the completion of the smelter. The  smoke 
and the grasses of the district were found to contain considerable ar-  
senic, while small quantities of this element were found in the organs 
of herbivorous animals living in the vicinity of the smelter. For many 
)ears  previous the ore had been treated in a plant which cost in all about 
six million dollars, but in January 1902 this was abandoned for the pres- 
ent smelter, in order to reduce the cost of smelting by tlie adoption of 
improved methods. The  stone and brick settling flues, which in the old 
no rks  served to carry the smoke to the tops of the hills upon which 
the stacks were built, were in the new works replaced by large condensing 
chambers of brick. These chambers averaged about forty feet wide, 
forty feet high, and two hundred and sixty feet long;  but the volume 
utilized in settling the flue dust was somewhat less than this, since ten 
feet of the height was taken up at  the bottom by a passageway for the 
cars that carry the dust to the reverberatory furnaces. The  volume of 
each chamber was therefore about three hundred thousand cubic feet. One 
was attached to the  roaster building, one to the  blast, and one to 
t h e  converters, and each was provided with a separate steel 
stack, twenty-two feet i n  internal diameter, and two hundred 
tv  enty-five feet high. The  smoke from the reverberatory furnaces \vas 
discharged directly into a stack of the same dimensions. 

ii'liether or not the cettling chambers were less effective than the 
long flues of tlie old works, is very difficult to say ;  but it certainly i q  

1 Opinioii trails:i~tted to the Royal ?dliiister of the Interior, 1854. 
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a fact, that during the year after the erection oi the ne\v \\.orlis the loss 
of animals in tlie valley became ver!. niuch greater than beiorc. l'liis 
\vas due in part to a difierence in the location of the smelters, siiice the 
lie\\. smelter \\.as built closer to tlie valle!. lands. and i i i  such a ps i t io i l  
that the prevailing wincis carrietl more i j f  tlie siiiolie across the iariiis 
of the district. Even if it is possible that soiiie of tlie increased poison- 
011s action of tlie fields ~ipon the animals \\-a> due to ;I clifference ii i  the 
composition of tlie sliioke, oiviiig to a change ill tlie methods of siiieltiiig, 
still it is certain that much valuable material. solilen-liat poisonous, \vas 
thrown out b!. tlie old il-orlis. T h e  ground surroiuidiiig them l~ecamt. s o  
rich in copper that a ver!- large amount of this metal \\xs ohtaiiietl by 
smelting the top soii oi a considerable area. 

=is a result of the operation of the i i e ~ v  smelter, the lvases of stock i i i  

the valley during the year 1902 \vere so heavy, and the hay and grass. mi 
aiialj.sis, s h v e d  so much arsenic, that a great system of flues \vas built 
in ortler to settle the copper. and to condense the arsenic trioxide. The 
i:ttter escaped in large quantities as ;t gas. especiall!, iroiii the blast alii! 

11cDougall roasting furnaces. The s!-stelii of flues i)tiilt a t  this tinit,, 
is the largest in tlie ~vor ld ,  and a stucly of its effects in scttliiig differciit 
cti:iipoL1tltls presents iiiaii). interesting clicmical prohlciiis, onl!- ;I t 'ew 
uf  \vhich can be touched upon here. 

T h i s  first set of flues joins all tlie furnaces to one great flue, tlie s ~ u o k e  
from three of the buildings passing through the settling chambers liefore 
csiiw-ing tlie flues at  all. Of the connecting flues the blast furnace tlw 
is 1653 feet in length; the reverberatory flue, 84-3 feet: tlie roaster flu(-, 
$8 feet;  and all a rc  t\vent!, feet !vide antl t\v-eiity feet high. The  cwverter 
::Lie is at  present 703 feet long, 18 feet \vide, ancl I O  feet high. :ill these 
i,>i:i in one great flue. ant1 for t \ \  e!ve hundred feet this is sist!. feet i i i  

\ \  i!l:li, ivith t\vent!, foot sitle ~valls. The Iiottom slopes c l o ~ v n  on both 
ritles to hoppers in the mitldle. ivhich open into cars underneath. I t  is 
20 f c t t  from the top of the flue to the bottoni of the escavatioii. and the 
area of the cro:,:: section of this portion is i(:m square feet. .-\l)ove this 
there are trvo parallel sections, each 1000 feet long. antl of the same 
dimensions as tlie single flue, niaking a double flue, 120 feet \vide, with 
a cross section of 3200 square feet. 

The volume of the original settling chambers is about ~ o , o o o  cubic 
feet. while that added in 1903, in the form of ne\\' flues, is about 6.0m.0o0 
c ttbic feet, making the volume available for settling tlie solitls of the smoke 
practically seycii and one half times as great as before. In order to cool 
the gases. the 1-30 foot flue is covered with a roof made of thin pieces 
of sheet steel, supported b!- I beams iuitlerneath. This flue lies on a 
steep iiiouiitain sitle, and ends a t  the top in a big stack. 3t.33 feet in iiiter- 
iial diameter. 44.5 feet external diameter at  the bottom. 30 feet internal 
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diameter at  the top, and three hundred feet high. The  snioke is admitted 
to the stack by two openings on opposite sides, each I 2 . j  feet wide by 
34.5 feet high. The  elevation of the top of the stack is 6,186 ieet, antl 
of the reverberatory furnaces, j442 feet, o r  a difference of seven hun- 
dred feet. The  top of the stack is eleven hundred feet above the valley 
below. 

The  great flues and stack were built in order to settle the arsenic antl 
copper, aiid to prevent the damage to  the forests and crops from the 
sulpliiir tlioxide of the si1iol;e. .\iter a year antl a half of operation, it 
wa5 claimed by the smelter company that these results \\ere acconiplish- 
ed, and that practically all of the arsenic was deposited in the flue and 
chambers, while the stack raised the smoke to such a height that the 
sulphur dioxide did little damage to vegetation. The  farmers of the 
district asserted on the other hand, that their animals were. poisoned, and 
their crops damaged in the same way as before, though the distribution 
of the damage was some\\ hat different. 

The  velocity determinations aiid analyses of smoke n~hich follow, and 
the more recent of the investigations in regard to the crops and animals, 
as given in the later papers, were undertaken to determine the real 
efficiency of this flue and stack. 

The Deterwzitzation of Velocity.-In sampling and analyzing smoke, 
among the most difficult problems is one which may seem to belong to 
the engineer, but which, our experience has shown, cannot be left to the 
ordinary man in this profession. Since the results of his analyses depend 
entirely for their calculation upon the volume of the smoke given off, 
it becomes the duty of the chemist to make these volume or velocity 
measurements 

I n  the determination of the velocity of moving gases there a re  only 
two methods which have any claim to accuracy. These are the deter- 
mination by the Pitot tube, and that by the ordinary wheel anemometer. 
A method much used by smelter men consists in releasing a piece of 
charred paper, and noting the time which it takes to rise to the top of the 
stack. This is manifestly a verJ- crude method, and is not applicable in 
the case of very large stacks. since it is impossible to see the charred 
paper when it first leaves the top o€ the stack. Another method some- 
times used is to obtain the difierence in pressure between the outside 
and the inside of the chimney. 

The  Pitot tube was devised by Pitot! in 1732, and was used for the 
determination of the velocity of water. It consisted of an  L tube with 
the ends of the two arms open, but with the horizontal a rm drawn down 
to a small opening. When turned with the horizontal a rm pointing up 
stream, the impact of the stream on its mouth balanced a column of 

1 P,tot, HLtoire de I’Acarl&iiie des Sciences ( 1 7 3 2 ) .  p. 376. 



\i.ater in the vertical ariii of a height equal to the square or' the velocity 
tlivitletl by twice the coefficient of gralrity. \Yhen the plane or' tlie iiiotitli 
of the tube n a s  placed parallel to the iiiotioii of the stream. the le\.el of 
t i x  Ivater inside and outside the stream \\'as practicall!- the saiiie. \\*lien 
t\r-o tubes are placed thus at  right angles \vith each other and coniiectetl 
\\.it11 a differential niaiionieter in which the litluid is t h t  same as tlie i m v -  
itig licluitl, the tlifference of level i i i  the t \ \ x  arms of the manometer is 

t he  saiiie as that give11 above, or / I  - , :I .  , -111 iristruniriit of this 

kii;d \vas devised 11). Ilarc).. aiid is kiioivii as a 1)arcy gauge, or a tiiodi- 
fied Pitot tube. 

'The principal of the Pitot tube \vas tle\.elopetl ircm the proposition 
of Toricelli' 1 ) ~ -  Daniel Bernoulli'. ir-ho used as a basis of his developinent 
the principle c!i the C O I I S I * K U ~ I O  : H e  proved that iu a 
steady stream of a frictionless liquid, loss of energy of inotioii is ac- 
coiiipaiiietl 1 ) ~ .  an equivalent gain of head. and gain of motion energy by 
an  equivalent loss of head. The  head may be in the form of elevation of 
the liquid or of pressure, o r  of both combined. 111 other ivords. ivheri 
kiiietic ciierg!' is converted into potential. or potential into kinetic. the 
loss (.f kinetic energ!- is accoinpanictl lj!. aii eq~ial  gain in potential 
energy. arid the gaiii of kinetic energ:. I?!. a11 cqm! :ass of potential 
energy. E:spressetl in symbols : 

._,- 

-,> 

. , .  
iii!i , r , i ; w u / / L .  

mgii = ! niz,' 
or 

v = 1 2g" 
I ., . I is the last iorniula oi the Pitot tube. and is the saiiie as the \vel1 
l ao \vn  formula for the efflux of liquids. 

.-\lthough there has been considerable dispute as to tlie practical for- 
mula of the Pitot tube, the experiments of Dart!., and aiso of most oi the 
niodern writers, show tha t  in the  formula z' . c I 2g/t the factor c is unit); 
\\.ithi11 the limits of experimental error, where the tube is of the proper 
construction. This is the view expressed b!. Freeiiiaii', \Vhite,+ \ri l l-  
iams," R o b i t ~ s o n , ~  arid Gregory, '  in recent articles upon this subject. 
'The Pitot tube, when properly constructed, has proved ail accurate in- 
strument for the measurement of the velocity of either gases or  liquids 
ivhen the velocities are not too low. Sear ly  all the earl!. applications of 

Toricelli, De ;Motu gravium Projectorum (1643) .  
Bernoulli, Hydronatiiica (173s). 
Freemaii, J .  R.,  Trans. Am. SOC. Civil Engineers, 2 1  (xSS9). 

+Whi te ,  \V. >I., J. O F  Assoc. Eng. SOC., 25 ( I F ) ,  p. 161, aiid 27, ( r g o i ) ,  pp. 

Willianis, G. S., Pr. ,41ri. SOC. C i v i l  En#., May, 1901. 
Robinson, S. \V., Trans. Am. S x .  Mech. Eng., 25 p.  208-211 [ 1903). 
Gregory, W. H., Treni.  -l111. Sx. 31ecli. Eng., 25 (rgoj). 

35.67. 
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this apparatus were made in the determination of the velocity of liquids, 
usually the velocity of streams or of ships'. 

The tubes used for our work, as shown in Figure 1 , consists of two 

________________----I_ -- 6'____-_-_---------- -------i 

I 

U Lrrdr to 
is i u  Nanomctw zL>,"*,&----- +--- 1 k -----/id-- df*'r fl 

A B 
FIG I Pitot tube as  modified b~ Captain D W Ta3lor 

These tubes were made from a design furnished by Captain D. W. Taylor,* 
Naval Constructor a t  Washington. Tubes of this design had been used by him to 
test t he  ventilating fans of the battleship hlissouri, and were previously tested by 
Prof. A. F. Zahm, of the Catholic University, b'ashington. Using the formula 
v = 1 / agh ,  the latter found that the results agreed with very accurate independent 
measurements of the volunie of the air. 

concentric tubes, each connected to one arm of a differential manometer, 
SO that the latter gives the difference of pressure of the gas in the 
tn.0 tubes. The axis of the tube is placed parallel to the direction of 1113- 
tion of the smoke, and the inner tube has an opening o.j j3 centi- 
meters in diameter with its plane at right angles to the axis. The  
outer tube has a slot 5 . 7 1  centimeters long by 0.16 centi- 
meters wide on each side, so that it gives to the manometer 
the static pressure of the gas. The  inner tube corresponds to  
the original Pitot tube, and gives the static pressure plus the 
pressure caused b> the impact of the gas upon its mouth, or what is of- 
ten called the velocity pressure. The use of slots instead of the circular 
openings usually employed to obtain the static pressure, prevents the 
aspirating effects noticed in the ordinary form of the tube. The  
two tubes (A) and (B), each 0.63 centimeters in diameter, are provide 1 
with screw threads at the ends, and on these tubes iron pipes of the same 
diameter are fastened. In the velocity determinations these pipes varied 
in length up to  twenty-three feet, and served to support the Pitot tubes 
in the stack and to connect it with the manometer. To make the sup- 
port rigid they were stiffened by a band of steel, 1.3 centimeters thick 
and 4 centimeters wide, which fitted exactly between the two pipes (;1) 
and ( E ) .  The pipes and the steel band were bound at distances of Go 
centimeters by clamps of heavy steel, bolted together by 1.3 centimeter 

Pendred, Vaughn, The Engineer, Dec. 
1 7 ,  1869; Rankine, W. J. M.,  The Engineer, Jan. 1870. 

Berthon, E., The Engineer (1850) ; 

Taylor, D. W., Eng. News, 52, IS, p. 387-89, Nov. 3, 1904. 
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IJolt..;. I t  was essential that  these supports should ; )e  r ig id  sillce 
~ : i c  portions iiisitle the K ~ I I  of tlie stacl; hac1 to :IC. t.utiri.ly w I i - < u p p r t -  
l!lg. 

The iiiaiionieter: used for tIiis 1yol-k ivas the simplest iorm possil)!t. aiitl 
pruved perfcctl!. stisfactor!-. I t  ccjllsists of a glass L.- tube ot' a sniall 
even bore, laid upon the slant of a triangle having a base of 23.74 ceiiti- 
ivctcrs, a vertical side of 2.5 centiiiieters. and a slanting sitlc of 25 cen- 
ti!iieters. This \\.as liuilt of well seasoned \ vo1~1.  ver!. carefully cut, an([ 
\lv::h fastened upon a broad horizoiilal base in to  ivhich t1L.o lcvels \\'ere 
set. The  U tube \vas bound do\\ 11 I>!- copper \vires. and a steel sca!c, 
accurate at  15'. \\.as placed benveeii tlic t\\.o arms, The  tivo sides 
sliould be connected at the bottom I]!. a horizontal spiral of the same 
glass tube, in order to lengthen the natural period of vibration of the 
ether column. The  liquid used \vas ether. ivliich responds freely to any 
cliange of pressure. Tt hac1 a specilic gra\.it!. of O . ; ~ ~ O O  a: a tcniperatur< 
of I 7". The iiiaiioniett.r \\-as connected to the Pitot tulw pipes through 
t1i.o two-way cocks : and oil reversing both of these. the impact arni 
of the niationietcr 11ccanie tlie static pressi.;re arni. s o  that thc effect of 
any slight tlifierencc of level bet\vcen thc t\vo sitle tiiI)es \vas eliiiiiilatec!. 
Great care \vas taken to set the instrLunciit in siicli ;I I \YI~ .  that i l i c  t \vo 
ends of the base of the triangle should lie at  the same level. For c'<l.cii 
reading the stopcocks \\ere reversed several times. the average taken, anti  

reduced to velocity by the  formula, 1- =-I \\liere /'1 is tlie 

reading expressed in inches. 
Couzparisox of' a Pitot Tube  7,titlt ari .i;icrriorircto..'-In order to 

see how the results obtained by the Pitot tube \voultl ctmpare T,vitli those 
g iven  by a ~vhee l  anemometer, the two instruinents \\.ere placed side liy 
sick, as shown in Figure 2 .  The  pipe (A), running just beneath the coii- 
crete floor, connects a large fan, placed soiiie distance from the section 
sIio\vn in the cutj  ivitli one of the main flues of the building where the 
tests were made. The  Pitot tube (,IJ) and thc anenlometer (11) !\-ere 
supported by the two 0.64 centimeter iron pipes ( C  ) , which connect with 
the two arms of the Pitot tube-the static pressure a m i  ( S), and the ini- 
pact a rm ( I ) .  The  tubes (C)  were connected by the rubber tubes ( R )  
to the differential ether manometer. The  anemometer \vas stopped or  
started by the lever (L") ,  which was turned by means of a series (of 
levers and rods (L,D,L' and D ' ) ,  arranged so that tlie recording mech- 

- .  

2C//I)et!lt.!. 
A' 1 2 0  I),,, ' 

Seger's niaiiometer may be used if a vertical forti1 of instrument is desired. 
The anemometer was the property of the Departiiient of SIechanical Engi- 

neering of Stanford Vniversity, and was the best instrument which could be pur- 
chased. The apparatus used for this purpose was designed for u s  by  Professor \V. 
R. Eckhart .  Jr .  
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anisni could be turned on or 05 jvithout removing the apparatus from its 
place. The  Pitot tube (E’)  and the aiieiiiometer (31) were set so that 
their axes were at equal distances from the axis of the pipe. The  whole 

I 

apparatus being supported by the tubes (C) ,  which were fastened in 
the removable cover (B)  of the manhole, could be removed in a moment 
to read the anemometer. The instruments were set several feet from 



tiic n-mil:ole so t h :  the slight irregularities i n  tiit ' !>il)e at tiitr ! m e r  
wo~d(1 came no eddies near the instruiiients. 

Tile apparatus I\ as put it1 place, aiid thc iaii regulated until the i i iaiw 
meter oi the Pitot tube. indicated that t he  I-elocit!. of the air liad i)ecmie 
2 s  nearl>, constant as po.sibIe. 'I'hc recording mechanisiii ivab then turned 
(11:~ ani! tlic r e a t h g s  of the j)itct tti.!)e maiicmieter tn1;en for a certain time. 
ut;ually i i \ ~  iiiiiitites, The recorciiiig inecliaiisiiii oi  the aiienioineter \ l 'aj  
tliexi stopi),.xl. the apparatus taken out. an(l the dial rcatl. 'rile f n i i  \vas 
mi1 at  the highest and lon-est velocities possible, as i i ~ l i  as a t  iiiiiiiero::s 

iiitermediate velocities. The tleterininations as sho\vii i n  Table 1' ,  3re  
iiot given in the order in \vliicli tile!. \\.ere made, but are rearranged in 
t h e  orclcr of tlie iiicrvasiiix velocit!.. 

The column "Ft.  per Secoiid C'c>rrccte(l" gives thc results ;is tletermincd 
i;!. tlie anemometer. corrected b!- the calibration curve o i  t h e  iiistrmient 

, the first colttiiiii gives the aiieiiionieter 

velocity as obtained directly by reading the dial. divided by the velocity 
as tleterniiiied by tlie Pitot tube. In  the second column the aiiemcmit~tcr 
reading has been corrected by its calibration curi'e. 

( hi  account of this rise of rrading \\.it11 tlie velocit!.. the cas!- corw-  
sion of its !)arts. tlie fact that in tlie smol;e the vaiies become loaded \\.it11 
flue dust, and its hi,qh original cost. tlie \\heel anemonietcr is a ver!. poor 
iiistrunient for the deterniinatioii o i  the velocit!. of siiiclter ,siiiokc. The 
cost is oi  importance. since a nuni1)cr of iiistrmieiits dioultl 1)c ~ i m l .  

ut' ilir I 7clocitjB ( 'i~rw.-Tlie sampling hole. through 
u.liicli all our apparatus \\'as intro:luced into the stack. \,\.as 5.75 iiic1ic.s 

i n  diameter. formed by an  iron pipe extending through tlie fivc-foot ~va l l ,  
ant1 projecting one foot on tlie outside of the stack. Lt \\.as j 3  feet from 
the ground. at an altitutle of 5935 icict. aiitl a1io:it ! 3 icet above the top 
of the baffle wall. ivliicli extends across the middle ot' tlie stack. * i t  the 
time our measurements \Yere made. \ve believed that the top of tlie haftle 
wall was very much loxver t l i m  it really is, so at  that  time we were not 
able to understand ivli!- our curve of velocity shoived a velocity consider- 
ably lower at  tlie center of the stack than at four feet from the iiiiier 
n d l .  The  sampling hole \vas the highest opening in the stack, 
and also the only opening at  this height. si) that ire ivere 
able to secure no other support for our apparatus than its \\,ails. S o t  only 
the small size of this opening, but also its length, atid the fact that it \vas 
round, made it difficult to insert, and keep vertical. any  large 
aiiiomt of apparatus for the velocit!. tleterminatio~i. 11Iicn no smoke 
saniple \vas being d r a w i  off, it was possible to insert foiir tubes for tlic 

'i Th -  ca1culatio:i; i!i this ta'ile, ancl all the other ci1culatio:is in t!iii paper, 
w:re made on a slide rule. 

lllaker. I-llder \ aiirinrinieter . 
y p i t o t  

Drtcrmiiiaiiou 
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determination of the velocity curve. I 'he region ~ i t ' a r  the ~va l l  of thc. 
stack is 1)). f a r  the most important i n  this tlctermiiiation. Thus onc-half 
of the area of the cross section, with its radius of 15.07 feet. is ivitliin 
4.66 ieet of tlie wall, and also includes all that portion in which thcrc i q  

an>' great variation in tlie velocit!.. 1 le:istlrcli1clits jvcrc Inacle at  tlie foi- 
lo\ving c!istances from the inner \Tall of the stack. tlie numbers being 
given in feet:o.o. 0.2:. o.,o. 0.75. 1.0. i.50, 2.00. 2..:0. 3.00. 4.00. 1o.00. 
ant1 15.67. 

PIC, ,: 
- \  1 lie results of tiiesc ineasureiiicnts a rc  given i n  the iorm o i  d curve in 

Figure 3. lnstead of plotting the velocities themselves, the square roots 
of the Pitot readings, multiplied by foiir, are given as ordinates, and dis- 
tances from the inside lvall as abscissz. The  extreme right of the curve 
represents the center of tlie stack. In  coniputiiig the velocity for the 
time while samples of smoke \\.ere being taken for analysis. determina- 
tions were recorded at  only one point, the point oi  maximum velocit!., or 
four feet from the inside wall. This series of cleteri71iiiations was cor- 
rected by the velocity curve in order tn give the a\.erage through the 
whole cross section. In  computing this the method oi sections was used. 
The radius of the stack was divided beginning at the center, into divisions 
of ten inches each; and the area of the ring forined by each segment. on 
rotating the radius in a plane about the center of the stack as an axis. 
was inultipliecl by the  average velocit). for tha t  r ing as sl io~vn b y  the  curve. 

Then  since Let a - -  IO" Y, = 188" I' = 180'' V = average velocity. 
v7r1*=~~o~[Is8~--180~] $V,7r[T- (.-a,'] - \ - 2 K [ ( Y - - n ) 2 - -  (1'-2a)2] + 

(18iS'--I80')+n { Y, (_?v-a)-L-Y, ( 2 r - 3 2 1  -- I-:;( 2 r - 5 ( 7 )  + 
. ... . . . . e . .  -+ \'n T [ { ? , - ( ~ I ? - I ) Q  ) '--(7,--7)0)'] 

. . . . . . . . e . . .  $. I-,, ( 2 7  - - - (  2 7 3 - 1 ) U  '; ] 
v .~ . 
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The calculation according to this formula is s1ioii.n in Table 2. 

TABLE 2 

L'" 6.00 17760. 

v, 9.53 330 3146. 31460. 
V:: 9.83 310 3046. 30460. 
v, 9.95 290 2885. 28850. 
V, 9.92 270 2678. 26780. 

v7 9.53 230 2192. 21920. 

V z ~ . - ( m - i ) u .  product.  product t imes u 

Vl 8.40 350 2940. 29400. 

\'e 9.77 2.50 2442. 24420. 

V, 9.31 2 1 0  '955. I95 50. 
v, 9.18 190 1744. 17440. 
V,, 9.08 170 1544. 15440. 
V,, 9.01 '50 1352. 13520. 
V,, 8.98 130 1167. I 1670. 
V,, 8.96 110 986. 9860. 
VI, 8.94 90 805. 8050. 
v15 8.93 7 0  625 .  6250. 

VI, 8.93 30 268. 2680. 
V I ,  8.93 I O  89. 890. 

Total = 320880. 

320880 X I =-= 320880 = 9.076, or four times the average square root 

of t he  Pitot reading for the whole cross section of the stack. T h e  
average square root of the Pitot reading therefore = 2.269. 

These ineasurements covered a period of eight and one-half hours. 
T h e  average velocity corresponding to the  average square 
root of the Pitot reading (2.269) is 55.80 ft.  per second, 
which gives a volume of 3',721,000,000 cu. f t .  in twenty-four 
hours under the conditions assumed to exist in the stack : temperature= 
174.7' C ,  and pressure=612.2 mm. Under external conditions of t=17' 
C ,  and p=612.2 mm., the volume would be Z , ~ I  I.OOO,OOO cubic feet;  and 
under standard conditions, I ,828,000,000 cubic feet. Although the re- 
sults have been calculated to the same internal and external pressures, 
the wteriial pressure exceeded the internal by about j mni Other tests 
will be given later which covered a greater period of time. The  curve 
at 4 feet from the inside wall shotvs 9.95 as four times the square root 
of the Pitot reading. T h e  average for the whole cross section of thestack, 
9.076 divided by 9.95, t he  value at  4 feet, gives the factor 0.912. T h e  
average velocity over the whole cross section of the stack is therefore 
0.912 of the maximum velocity, or the velocity at a distance of 4 feet 
from the inside nall. This factor is used later i n  converting velocity 
a t  this point into average velocity. 

Tt had been planned to use sixteen tubes in the determination of the 

VI, 8.93 5 0  446. 4460. 

- - 

__ ~~ 

rz 35360 



ve1ocit.v 01 tile sliioiic. hiit this metIicltI ~ i a ( I  to be abanctoiied on ~ C L ~ O I I ~ I L  

of tlie small size oi t h i s  opening tIirougIi \vIiich the tuIJcs \\-ere introduceti. 
Ho\\.ever. the  arrangcnieut 13yiII I)e tlc>scribetI as it \vas IdaniiccI, siiice 
it is a soiiie\vliat better method than the cme \ve \\-ere forcctl to iisc. 
Sixteen t t i lm arc placet1 in oli~> cross scctioii o i  the stack in  the foriii of 
a spiral. cach tube at  an angle o i  se\-enty-:\vo degrees fro111 its nviglibor,s 
~m the s1Iir:iI. ( 111 accouiit of thc  ni~icii g rmter  area c,i the  clutcr riiiqs 
\\ hen the cross sectioii is clivitlcti into concentric rings of eclual iv id th .  
the greater  part oi the tubes .\iiot1IcI be near tIie i v a l l  of the stack. In 
c d e r  io obtain the true average Pitot pressure ( h ) ,  allowance should be 
;;iatle for  this fact h!. some niethotl \vhich depends u!)oii the Iaiv. that  
the area of a circle is proportional tc) tlie square of it.< ratlius. If t1:c 
radius is sqitaretl ant1 t~ i i s  srliiare di;.itIecI into fifteen equal parts, tlic 
1 i:-c-)pcl- clistance C J ~  the tubes fro112 tlic cciitcr are fouiitl 11). extracting the 
. s ( ~ ~ a r r  ri I ( J :  r i f  e;icli 111 the ii~iiiil~vrs ~~l:taii ie(I  i i i  this \\-a!.. For esav!)ic. 
i i1  thi. C ; I \ ~ '  I > $  :! stack ivitli a i-atliiib t;ftee~i fi*et the 1i111iil~rs \vcJl1l(l 1)e : 
0. 1:. 30,  4'. 1 0 .  7.:. 110. 105. 1'0. i3'. 1 5 0 ,  1( '5,  ] S O .  10.;. 110 ;inti 2 2 : .  

\\-hen tlie sqmrc  roots of ti1 

froiii the cciitcr are  f ( ~ i  

~ i ~ i i i i l i c ~ ~  x c '  takeii. t!ie clistziices of the 
t l l  / I t '  : th f O l l l . J \ \ - S :  0. 3.87. j.48, 6.71, 7.74, 

8.66. ~) .38 .  10.24. 10.95, 11.02, 12.24. 12.83, 1.3.40. 13.95. 14.48, :i1ii1 15 .  
I t  wonfcl be even better to use nineteen tulles at clistaiices of eighty de- 
grees. .A11 the tiilles are connected through large air chambers (one for 
cach ;mi of the niaiionieter ) to ;I t i i f f  erential manometer. or floating 
manometers may be used according to the method given by Captain Tay- 
lor. \\-hen this plan is follo\vetl. ;i iiicchanical ai-cragc of thc pi-essurt' 
rhrotigh the stack is obtainetl. taliilig into account the greater area of 
the outer rings. The air c!iainber.s slioiiltl be connected to the l'itot tubes 
so that there are separate connection.; provided Ivitli stop cocks for eacli 
titbe. In this \vay readings may  lie taken oii an!. m e ,  or  on all at  the 
same tinic. The pressure given b!- tlie tube in contact \\.it11 the l v d i  
o f  the stack is so low that it slioultl not be coiinecte(1 \\-it11 the iiiaiioiiieter 
\\-lien the mechanical average is being taken, for it influences too ,gwatiy 
tlie pressure in the chambers. The greatest error in this method tjf  01)- 
tainiiig a mrchanical average is due t o  the fact that the average \-docit!. 
obtained is not the true average vrhicity, but the square root of the 
average of the squares of the Yelocities. Still. the results obtained are 
50 nearl?- correct that they arr  sa!isfactor!- for most ;>ttrposcs. I f  the 
relation bet\\-een these quatitities is desired. it can be determined by the 
apparatus as described above. Since the method ivould be obvious to 
a worker ~ y h o  could do \vork sufficiently accurate to iiectl such a rcIation. 
only a bare outline of the procedure \vi11 be given. The readings o f  the 
separate tubes should be taken in order, one a t  a time, as rapidly as pos- 
sible, and this procedure repeated ;i iiiiiiiher o f  tiiiies. .After eacli is. 
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read separately, a reading should be taken with all the tubes connected, 
except those that have not been included in the mechanical average. The  
single readings should then be calculated to velocity, and curves drawn 
showing its variation with the distance from the wall of the stack. From 
these can be calculated the average velocity by the method given later, 
o r  by any other satisfactory method. These results should then be com- 
pared with the results from the mechanical averages n.liich were ob- 
tained under the same conditions. The  ratio will serve for the correc- 
tion of all the mechanical averages obtained during the drawing off of 
smoke samples. A simpler method would be to use the tubes singly 
in determining the velocity curve according to the method given by 
Figure 3 and the accompanying description. 

Measzireiizeiit of the  Tentperatwe.-The temperature was meas- 
ured b!- the simplest means possible, which, while not so satisfactory as 
a good self-recording instrument', gave accurate nieasurements for the 
times that the readings could be taken. An accurate chemical thermom- 
eter was put in a long iron pipe A, Figure 4. with the bulb of the 

NWRf 4 Sca/ef Size 

thermometer wrapped carefullj- in asbestos. The  bulb was protected by 
an  iron cap (E), tlvo inches long and one and one-half inches in diam- 
eter. The  whole stem of the thermometer, escept the portion to be 
read, \vas nrapped in asbestos. and then the small exposed portion of the 
scale was covered with a loose layer of the same material. The  scale 
of the thermometer could be read through a long slot ( C )  in the wall of 
the pipe. Before beginning the readings, the bulb (E) \ \as put in  the 
desired location in the stack,. and left there for one hour. The  pipe 
\ \as  then very quickly partially withc!rawn, until the portion of the 
thermometer to be read (D) was just outside the sampling hole. This  
portion \vas quickly uncovered and the reading taken : then the scale 
it as a t  once recovered and the instrument immediately inserted in the 
stack. Subsequent readings could be taken every fifteen minutes. 

Veloc i ty  Xeaswenzents f o r  tire Sirlokc Satirplcs. - Sample 4 was 
taken during a period of twenty-eight hours. Preparations had been 
made for a seventy-two hour run, but a violent thunderstorm stopped the 
work a t  the end of twenty-eight hours. The  data and results of the 
velocity determinations for this sample are given in Table 3. 

A recording resistance thermometer may be used near the wall of the stack. 
2 



Aug. 2 3 , ' O j  

-\,&I. I I . 4 j  
12 .45  

P.M. 1.45 
2.40 
j.00 

3.50 
4.30 
4.45 
j. 00 

5 . 2 0  

3.40 
6.00 
6 .1~1  
6.30 
6. j o  
7 .20  

7.55 
S.Oj 
8.20 

3.45 
9.15 
9.45 

10.00 

10 .20  

11.15 
11.40 

A.M.  12.05 
12. I j 

12.30 

12.50 

1.30 

2 . ~ 3 0  

3.30 
4.20 
4.45 
5.15 
5.45 
6.20 
6.40 

7.25  

2 . 0 0  

7 .  I O  

Pitot ' reinper- 
Ileading. atlire 

5.00 
4.75 

5.25 
7 .oo 

6.00 
5.50 
6. 50  
6. j o  
6.2j  
6.00 

6. j o  
j.00 

6. j o  
7.50 
8.00 
s. 25 

7.75 

j . 2 j  

j .  j0 

7.00 

7.00 
7.00 

7.00 

6.00 
6.2j  
6. j o  
6.50 
6.25 
6. 50 

7.25 
8.00 
s.00 

7.25 
7.50 
7 . 2 5  
j .00 

6. 5 0  
6.00 
7.00 
3.00 

7.00 

7.00 

li I:cet 

,0416; 
.0;960 
. O ? j 7 5  
,043ij 
.ojS;3 
.04jsj 

.04j83 
,05416 
.oj416 
.0 j20s 

. O j O O O  

. O j O O O  

.ojSj; 

.05436 

.ojY3j 

.05136 
,062 j o  
.06667 
.06S6i 
,06460 
.~jYjj 
,05833 
.0jS3j 
. o j s j j  
. O j O O O  

.0j20S 

.oj416 

.oj416 
. 0 j 2 0 Q  

.oj416 

.06040 
,0666 
,0666; 
.os333 
,06040 
,062 j o  
.06042 

,05416 
.0j'ij3 

. O j O 0 0  

,05333 
,0666 j 

.ou063 I 2 

.(006;12 
,0006 365 
.(,006;6j 
,000636 j 
.0006;6 j 

.000636j 

.voo63~o 

.00063 I 2 

.ooo629h 

.0006j.j0 
,0006 j I (  

om6324 
.00063 j o  
,0006266 
,0006406 
.0006;79 
,00063 79 
.om61 I 7 
,00063 jo 
.000636 j 
,00063 j o  
.0006;j0 
.0006~29 
.000626j 
.0006409 
.0006329 
.000626j 
.0006j29 
,00063 j o  
,000626j 
.0006329 
.00062S3 
.mi063 j o  
.0006409 
.0006jgY 
,00064 23 

,000648 I 
,0006 j j 7  

,00064S4 
.ooo64;0 

.oooh5Sj 

55.05 
53.75 
j6.22 
56.22 

5 j .60  
60.16 
5i.Q 
62.8s 
62.96 
61.41 
60.43 
65.20 
62.76 
65.45 
62.52 
6j.19 

64.96 

69.40 
70.75 
68.42 

6 j .  00 

6j.00 
6j.13 
60.56 
61.16 
62.75 
63.07 

62.66 
66.70 

64.95 

61.54 

69.49 
69.95 
6j.03 
65.86 
67.15 
65.52 
64.41 
61.6j 
59.17 
64.41 
68.8 j 
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'rime. 
S. 05 
8 . 2 j  
9.20 
9.55 

IO.4j 
I O .  j j  

11.05 
11.15 

11.30 
11.20 

12.00 

P.M. 12.25 
I 2.40 

I . jo  
1.00 

2.00 
2 . I j  
2.;2 

Pitot Teniuer- 
Reading. 

S.50 
9.00 
S.50 
9.25 
9.50 
9.40 
9.40 
8.50 
9.50 
9.75 
8.75 
9.00 
9.25 
S.7j 
9.00 
S. j0 
8. 5 0  
9.00 

ature 

17.3 

173 
I75 
I so 
I S j  
I 80 
I so 
I 75 
I 7 5  
1S5 
17s 
177 
IS j  
1s; 
IS7 
171 
I 7 1  
I so 

IL Feet 
.07oSj 
. 0 7 j O O  

.ojoSj 

.0;70s 

.07916 
,07837 
.o;sj7 
,0708; 
,07916 
.os124 

.07joo 
.0j7oS 
.c;294 
. O i j O O  
.07083 
.o;oYg 
.07 juo 

.07294 

Ddircir) velocity i t .  
per sec.=V 

.om6363 7 1 .  58 

.0006j63 73.65 
,000626 j 71.76 
.em6329 7 5 . 2 2  

.0006200 76.63 
,000626j j j  S4 
.0036265 ij.Si+ 
,0006329 71.75 
.0006;29 75.S4 
.0006200 7: .64 
.0006296 7 j .40 
.ooo63ro 74.01 

.0006245 73.36 

.000617j 74.78 

.0006394 7 I .42 

.0006394 71.42 

.0006265 74.22 

.00062co 7j.65 

g--32. I 5s -\verage Gas Pressure=O~ 2.211111i.' 

J'itot tube at  48 inches from the inside \vall of the stack. 

The  average velocity \vas obtained by plotting the results given in this 
table as ordinates and the time in hours as abscissa, ivhich gave the 
curve shown in Figure j .  The  average velocity was found by obtaining 

FIG. 5 

the area of the curve n i th  a planimeter, and tli\.itling this area by the 
horizontal distance across it. The  result obtained in this way is 6j.00 
feet per second. From this the average velocity for the whole cross sec- 
tion of the stack is 5 y . q  feet per second, or 65.00 iiiultiplied by 0.912, 
the factor for conversion into average velocity, and the volume per day 
at  the teiiiIxrature of the stack, 3.098,000,000 cuhic feet. At the teniper- 
ature of 17" (the average temperature o i  the surmLiiidiiig air)  the vol- 
lime u~oultl he ~,OO~,CCO,OOO CII. i t . .  and iintler stanclard conditions, 

1 0 1 1  account of the breaking of our standard barometer during transit by 
1,523.OOC.030 Ct1. f t .  

express, an aneroid barometer had to be used i n  taking the pressures. 



6 .  I O  
6. .,6 
S . 3 0  

1 2 . 0 0  

P.M. 3. 1, j  

:..j j 

3,.50 
4.00 
j. 1 0  

6 . ~ 0  
7 . l ~ i  
7 .  j0 
S . i j  
s.4,j 
9.15 
9.15 

10.25 

10.00 

I h2 

I s 2  

I S 1  
IS1 

IS1 

I S 1  

IS1 

IS1 

181 

IS1  

I su  
'79 
I ;Y 
I i i  
I 76 
I 7 5  
1 74 
171 
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feet per second ; this niultiplietl hy the factor 0.y12. gives the average 
velocity for the whole cross section of the stack as 46.43 feet per sec- 
ond. The  volume at the temperature of the stack in cubic feet per day 
is 3.098.cm0.0c0 ;untler the conditions of the outside air, 2,007.000.000 ; 
and under standard conditions, I ,523,000,000. 

Another smoke sample was taken on July 27 ,  1 c p 5 .  the measurements 
being made four feet from the inner ivall of the stack, and under an 
average pressure of 616 mm. The  results of the velocity nieasureineiits 
a re  given in Table 5 .  

July 2 7 ,  1905. 

T.IBLE 5 (Sample ~ ~ . - L ' P : I . o c I ' ~ I ~  01; SMOKE. 
p = 616 i im.  

Pitot h 
Time. inches T Feet D d q  air  v 

A.M. 8.40 4 . 0 0  189 .0333 .ooo61S7 49.80 
5.55 4.00 189 .0333 .mv6187 49.80 
9.30 4.25 189 ,0354 .coo6187 51.38 

10.35 4.75 189 .0396 .ooo618; 54.32 
11.10 4.75 I90 ,0396 .0006076 54.40 
11.45 5.00 189 .0416 . m 6 1 S j  55.63  

1.30 5.00 187 .0416 .000601S 55.55 

10.00 4.50 189 .0375 .om6187 52.55 

P.M. 12.45 5.00 I58 .oq16 .om6292 5 j . j S  

2.20 5.50 I 88 .0455 .0006202 56.44 
3. I O  4.75 189 .0396 .0006187 54.32  
3.45 4.75 191 .0396 .om614S 54.46 
5.00 5.25 189 .0437 .ow6191 57.02 
6.00 5.25 I 8s .0437 .mo62yz 56.98 
6.15 5.00 187 .0416 .000601S 55.55 

The  average velocity is 54.86 feet per second. or 50.04 feet per sec- 
ond for  the whole cross section of the stack. The  volume of the smoke 
per day is 3,337,000,000 cubic feet at  the temperature of the stack; 
z,og~,o00,000 cubic feet at  the temperature of the outer air (17') ; and 
I ,~g5,o00,000 cubic feet at  standard conditions. 

A summary and average of the volume determinations will be given 
later in the paper. 

Stntzdardizatioji of the  iWeter.-A recording wet meter would have 
been used for this work if i t  could have been procured in time, but the  
best instrument available was of the type of dry meter used for measur- 
ing the volume of illuminating gas. 

The  great inconvenience of this type is that for sniall volumes it is 
necessary to keep track of the movement of the hand which gives the 
numbermof cubic feet and fractions, since the recording hands d o  not 
move with sufficiency accuracy. This is not so great an  inconvenience 
as it seems, for. in any case it is necessary to note constantly the  veloc- 
ity at  which the smoke is passing through the sampling apparatus. The  
meter \vas tested by displacing the air from a large gas holder by the 



addition of \vatu.  Several tests were malle i i i  this \,\-a!.. tlie g-aslic)ltli~~ 
being connected ivith the iiieter, and the latter 10 a filter p~iiiip. ' l ' h i h  
meter \vas tested at  yarious pressures, the i>rcssiire in the apparatus hi,- 
iiig determined a i d  kept constant 1)y nieaii.; o f  a '1' tulic \vhich \vas iii- 
terposed bet\veeii the meter and the gas holder. The lo\vcr arm of this 'r 
tube \vas graduated in millimeters, ant1 tlippctl into ;I cui) of mercur! . 
In the later experiments the gasholder \\-a. reiilacetl 11). a fifty gallon 
tank, into ivhich measiirecl aiiioiiiits of 'i\ ;iter \\.ere iiitro(lucet1 from a 
large carlioy. The  results are shoivn in 'Taiilc 0. 

T.1 tl L E 6 .  -&I I K 1) K.4 \V S '1'H l< u L'<; I I 31 V:T E K . 
Xeter  Gnionietvr  Correct ion 

Test Pressure. C u .  Feet. C u .  Ft. cu F t .  Fer Cent. 

I jS0 trim. 14 .2 j  14.44 0.19 1- 1.31 
2 430 " 2 2  .oo 22.33 - '  0..;2 - 1.43 
3 500 16.00 r h . r g  -- 0.19 -- I . I j  

T h e  average correction of the meter rending \vas taken a s  I .3 per cent. 
Experiments at  pressures slightly over 760 111111. gave practically t h e  saiiie 
correction. 

/pptrrtriiis f o r  C'oiiccfiiig .~'o//~p/c.v (ti ,~'o/id.s,-Iii sampling smoke for 
solids there are a fe\v g-eiieral principles \\-liich shoultl ix observed in tlie 
tlesign oi the apparatus for tlie ivtirk. The apparatus recomiiientletl 
for 'this purpose is s h o n n  in Fig.  j ,  of which the apparatus used by 
lis in our ivorl.; is a modification. 'J'lie gas shod11 pass tlimiigli the 
opening (0) o i  tlie sampling tulie at the same velncit!- as that of tlie 
surroundiiig smoke, 11-hich may be as great as 75 feet per second. or 4,500 
fcet per miiitite, accorcling to tlie data given in Talili. 3. The flue dust 
teiids to collect to some extent arountl tlie et1g:e of tlie opening ((7 1, 
and if this is X-erJ- small, inn)- change tlie diameter so iiiaterinlly that i t  
is difficult to calculate the velocity tlirougli it. I f  this factor alone ivcre 
considered, the ol)ciiing ( 1  \voultl lic iiiatle large ; l.nit. since tlie vol- 
iiiiic of the smoke ivhich 11 es through the sampling apparatus varies 
as the square o f  the diameter of thc tube. the practical limit must bc 
sniall, unless the apparatus is iiiatle esccetliiigly large. The  apparatus :is 
sho\vii i i i  Figurc 6 is intended for an opening 0.60 ti, 1.00 centimeter in 
diameter. \\7ieii the opening is of this size. tlie apparatus m m t  be large, 
i f  the velocities encountered arc as grcat as those in our experiments. 
The tube ( E )  through which the smoke first passes after leaving the 
stack. is sho\vn as eight centimeters i n  diameter. and the rest of the ap- 
paratus in proportion : though i f  coiivenieiit, it would lie better to ha1.e 
this one tube (E) even larger. 

I n  the case of sample Suiiiber 4q (-4) was a Jeiia hard glass tube,  24 
f w t  long. supported ant1 protected by an iron pipe in \vhicli it \\.as 
placed. .I porcelain lined iron tube was tried in the case of sample I 

(\vliich has not l m i i  given 1 ,  hut this \ \-as uiisatisiactory as  the porcelain 
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lining cracked. ( e )  is a large tube of thin glass. having projections 
on the inside for the support of other apparatus; B', a glass cup', de- 

A simple cup, 
without the inside tube, would serve as well and be less fragile. It is supported by 
platinum wires. 

l This isomitted,  if  the total weight of dust is not desired. 



cigned to catch a n y  heavy dust \vhich ma!. pas. tliroiigh the tiilie .’i ; 
I, and L’ are porcelain discs upon \vhich ash free absor1)c:nt cottuii is 
1)iled loosely. The gas next pa5ses tlirougi; thrtle large filter hasl.rs (c‘,Lj. 
aiid E).  theii through t \vo lJOttlC? ( G aiifi H j f i l lv t l  \\-it11 a1)sorIieut cot- 
t o i l  : and finall!.. just hefore entvriilg thi. nictcr, ihroiigh :i coil of thin 
eupper tubing in ortlcr to  eclii:dizc the teiiiperaturc. ?‘his apparatus, 
including the meter. is coiitained in ;i box in \vliich all the :ipparatus may 
he carried. The  Iios is inacle byatel- tight. so that \vater may Iw kept 
riiiiniiig through it iii order to maintain a constant temperature. :‘i win- 
( l o \ v  just in front of the dial of tlie meter, iiiakci the rcatliiig o f  tlic 
latter (my,  xvhile a cover having openings for the tulxs (I))  a i d  ( \ - ) .  
Iirotects thc apparatus Ivhile in use and diiring its traiis1)ortatioii. :liter 
liassiiig tlie meter, the gas is draivii off through ail iron pipe. The  pres- 
biirt’ is i)artiall>~ regiilatccl b!- tlic valvc ( I-,) in the pipe. and is nieas- 
riretl 1)). the nianoincter (C,), being finall!. determined I)!. the height of ti7c1 
Iiqiiid ( iiiercur!. or \\.ater) in tlie regulating toivcr ( S i .  l h e  esha i i ,<~  
thrvugli the valve (1.) is always kept just stroiig ei?ough to camv :I 

?mall amount of air to pass tlo\vn the tube ( X ) ,  tliroiigh the o1)eiiiiip 
1 (J’ j ,  the column of liquid in \ S), antl the tube ( I < )  iiito the T tube 
\vhicli forms a portion of thc main exhaust pipe. Licluitl may be added 
t r )  the to\\.er (S) b\. the clropping fiiii~iel ( Z  j ,  or tlrn\;.ii off tlirough tlie 
ou t l e t  The  three filter iiasks contain ivater or some other liquid 
;tbsorbent : and although not sho\vii i n  the drawing. the 1on.cr portioiis of 
this tiil,cs ( C 1 .  1:) I ,  a l i i 1  ( I;), :ire Ijierceil liy a large nulmbcr of slliall 
iioltss. ‘The connections arc made by rubber stoppers and by rubber tubes 
\i liich h:i\.e been first soakccl in strong caustic potash solution, then i n  
\\.;itcar. aiicl finall)- in paraffin. Glass stoppers are not so satisfactory. 
siiice they sometiiiies licgiii to leak suddenly ; and they weakeii tlie appar- 
xtus, niaking it less flexible. Large rubber stoppers have tlic base c )i.- 
eretl by a disc of glass. Other parts ma>- easily be added to the  apparatus, 
such as a large trap to catch the solids just before the!, pass into I:. i i i  

orticr t o  decrease the clogging of tlic absorbent cotton 1 ) ~ -  dust. 
It \ \ - i l l  he found, 011 using a properly constructed apparatus, that the 

greater portion of tlie heavy solids will deposit before reaching the 
absorbeiit cotton : however, it  will be iiecessary to insert the  trap in ( A )  i f  
high i.elocitics are to be iised. 

In o ~ i r  il-ork ive used a smaller opening (0) of the sampling tube, 
antl found that i n  a short time the maximum amount of flue dust collected 
at  its mouth, the high velocity at  this point keeping it from filling up to 
ariy extent. Still, the larger opening is advised, since its free diameter 
can be calculated Ivith more certainty. The  opening should be of platinum 
foil, or of a sharpened glass tube. If it is desired that the mouth of the 
sampling tube should be placed in different portions of the cross section 

I T -  ) . 
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of the stack for different periods of the time of sampling, this may be 
accomplished by making the portion of the sampling tube ( A )  which 
lies outside the stack in several joints. 

I t  will often be advisable to  use the apparatus in a simplified form, in 
which case the tube ( E )  may be made from a condenser jacket simply 
filled with cotton. This was the form of apparatus used in the work 
given in this paper, and it proved very satisfactory. However, the glass 
tube was so long that it rendered the use of a cup or a trap un- 
necessary, as will be shown by the data on Sample 4. 

Determinatioti of the Tota l  Weight of the Solids.- In deter- 
mining the total weight of the solids contained in a certain volume of 
the smoke, as great a quantity of the dust as is possible should be col- 
lected before the smoke reaches the absorbent cotton. Asbestos fiber 
may be used in the place of the cotton, but the latter is more efficient in 
stopping the finer particles. A large amount of the solids can be shaken 
out from the tubes (A)  and the cup (B’) and weighed without further 
treatment. T h e  whole inside of the  apparatus should then be washed’ 
with water, the solution filtered and evaporated. The  residue from the 
evaporation and that on the filter paper (or  better, in the Gooch crucible) 
is first dried and then weighed. T h e  remainder of the  solids may then 
he washed out by aqua regia, the solution evaporated, the residue dried 
and weighed. The  cotton, which should be of a known weight and ash 
content and as ash free as possible, is decomposed by nitric and sulphuric 
acids until the  organic matter is entirely destroyed, then the solution is 
evaporated, and the  residue dried and weighed. Although a portion of the 
(lust is changed somewhat in chemical composition by the action of the 
i;:dvents, the results are sufficiently accurate. The  total weight of the 
dust may be checked by a complete analysis of the residues.? 

The Collectioii, a d  Aizalysis of the Sanzples,- Sample 4, the  ve- 
Ix i ty  determinations for which are given in Table 3, was taken from 
the center of the stack through a tube ( A )  of Jena glass 23 feet in length 
a t 1  one-half inch in diameter, with a small opening (0) through which 
t.he smoke was drawn. The  sampling was begun August 23 at  10.5j 
.A. AI., and continued, with an hour’s intermission, until the next day 

1 To aid in the washing, the tube ( A )  may be cut into sections, and a glass rod 
with a rubber end used to loosen the adherent particles. 

The use of several large porcelain filters (six inches in diameter) has proved 
satisfactory in preliminary experimental work on the deternlinxtion of the total 
solids. The first filters are covered with coarse, and the last with finely shredded 
asbestos. No liquid absorbent is used, but the tubes leading to the filters must be 
cleaned carefully. The weight is determined by direct weighing after drying. This 
method may be used where the more complex apparatus of our standard method is 
too cumbersome. Filter paper may be used for low velocities in cases where the 
smoke does not have a chemical action upon the paper. 
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a t  2 .32  I-'. hl. T h e  total voluine of the sample at 1;' was 1 2 3 . 2  ciihic 
feet, this being the meter reading, corrected for the error of the meter, 
ant1 for the solubility of the gases iii tlie alJsorl>iiig liquid. Since in this 
case the opening (0 )  \\.as so small  tha t  the s:iinpliiig velocity tiid not 
iieetl to be YerJ- great,  it was decided to ascertain ho\v niuch of the sample 
\\-auld deposit i n  tlie glass tube (-1 T h e  tube ( E )  \\-:IS 
omitted, but in its place, the tubes ( C ) .  ( I ) )  and ( E )  Tvcre fiillecl iv i t l i  
absorbent cotton. T h e  velocity of the gas tlirougli the sampling t u l x  
itself \\'as approximately one and one-half feet per .;ecoiid. tlie first f i f -  
teen feet of the tube from the opening having a temperature of I 7-1.. ;" 
on the average. \\-bile in the remaining eight feet, the temperature fell 

T h e  tieposit in the tube was ivaslied \\.it11 ivnter, :ind thc \ v a t u  solu- 
tion analyzed for arsenic, giving 0.009496 grains of zirsetiic trioxide pei- 
cubic foot, or 53.580 pounds per day of soluble arsenic trioxide for the  
portion of the sample which settled i l l  the tube. The solution i n  the 
flasks was filtered, and the filtrate added to the water i\-ashiiigs of the  
cotton. 011 anal!-sis. this gave 0.001446 granis of arsenic trioxide to the 
cubic foot. or s . 2 0 0  pounds per day, \\-hicli slio\vs that 87.7  per cent. of the 
soluble arsenic \\-as collected in the glass tube I *I>. T h e  iiisoluble portioiis 
were anal!-zetl together, and gave 6.000 pounds per (la!. of lvater iiisolu- 
ble arsenic calculated as arsenic trioxide. This  sample ga1.c :I.< a rehult. 
61..;8o pounds of water soluble arsenic trioxide ; 6 . 0 ~ ~ 0  potinds of \\nter. 
insoluble ; and a total of 6;. 7% pmiids of arsenic trioxide per <la>- ;is the 
amount sent out i n  the smoke. 

I n  the case of Sample 2 ( See Table 4 for the velocit). deterinination ) ,  

the  saiiiple \\-as divided into two parts : the ivater soluble and tlie water 
insolxble. Tlie sample was taken from a point four feet from the inner 
wall of the stack, beginning Ju ly  2 3 ,  r ~ o g .  a t  I A. AI.,  and stopping :it 
 IO,.?,^ 1'. 11. the same (la\-. Of this time there were four hours during 
which the sampling apparatus \\-as not running. Tlie results of this 
test are shown in Table j ,  \vliicli gives the results for the more impor- 

TXBLE ;. 
A ~ ~ P R  o s  I 31 .iT E Al\ro I O F  SIXTAXES EXPEI.LI:U IZ TIIE SNORE, AS DETER- 

IIISED VKOXI SAMI~LE 2 . '  

(F igu re  0 ) .  

graduallJ- to about 2 jo 

\Triter Soliil>le. Water Insoliible. 'rotai. 
G r a m s  Pounds Grains Pouiids Grams Pounds 

Siibitaiice. per cii. f t .  per day. pcr cu. it. perday .  per cu.ft. pel day. 
Arsenic trioxide O . O I Z I Z  j z ,6 j0  o.oori2S 6,204 o.or3jj  55,854 
Antimony trioxide o.ooo6jo 2.800 o 000321 1,400 0.000971 4,200 

Lead trace 0.00110 .+.Sou O.OOIIO 4,800 
Zinc 0.0013 5,500 
Iron and  Aluminum 

Risrnu t h o.co321 8SO 
Volurne of smoke per day for Sample z = 2,007~000,000 cu. it. under the  

conditions of the meter. 

Copper 0.0007 I -5,100 0.00046 2,000 o.oo117 5,100 

Oxides 0,00318 13,800 0 . 0 0 2 2 1  9.600 O.OOj39 Zj . . $OO 

Volume of sample (corrected) = 72.53 CII.  i t .  
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tant metals. IYhere only the total is given, the soluble and insoluble por- 
tions were united before making the determination. 

The  analysis of Sample 3 (velocity of determination, Table j )  is gihccn 
in the form of a table of the same kind (Table 8). 

TABLE 8. 

APPROXIMATE AhlOUSTS O F  SUBSTAXCES EXPELLED IN THE SMOKE, AS DETER- 
hf INED FKOhl SAMPLE 3 ,  JULY 27, 1905. 

Water Soluble Water Insoluble Total 
Grams Pounds Grams Pounds Grams Pounds 

Substance p e r c u  f t  perday percu it. perdny.  pe rcu  ft. perday. 
Arsenic trioxide 0.00988 47,000 0.00089 4,210 0.01077 51,210 

Antimony trioxide 0.00093 4,400 
Copper 0.00058 2,700 0.00023 1,080 0.00081 3,780 
Lead 0.00100 4,750 O.oOI00 4,750 
Zinc 0.00137 6,480 0.00137 6,480 
Iron and Aluminum 

Oxides o.ooiog 5,280 0.00162 7,680 0.00271 12,960 
Silica 0.00219 10,260 

Volume of Smoke per day under the conditions of the meter = 2,16r,ooo,ooo 
Manganese o.000040 I80 0.000040 I so 

cu. f t .  

In obtaining the above results, standard analytical methods were used, 
the arsenic determinations being made, as a rule, in triplicate, using dif- 
ferent methods. The arsenic and antimony were separated from the 
lead, bismuth, atid copper, by the use of chemically pure sodium sulphide, 
using in each case a fresh solution. The arsenic was separated from the 
antimony by a fusion method, by distillation, or by precipitation of the 
pentasulphide in a strong hydrochloric acid solution, the last method 
being preferred. In  this case the pentasulphide was first weighed in a 
platinum Gooch crucible, then dissolved in caustic potash, oxidized by 
chlorine, acidified \I ith hl  tirochloric acid, the chlorine boiled OR, and 
the arsenic finally precipitated in an ammoniacal solution as magnesium 
ammonium arsenate. The solution was then filtered through a platinum 
Gooch crucible, and the precipitate heated by a Bunsen flame, the platinum 
crucible being protected from too high a temperature by a large porcelain 
crucible in which it was placed. The  antimony was precipitated as anti- 
mony trisulphide, filtered through a Gooch crucible, and the precipitate 
heated in a stream of carbon dioxide in a Paul’s drying oven. The lead 
was determined as sulphate, and by electrolysis ; the bismuth, separated by 
repeated precipitations with ammonium carbonate ; and the copper deter- 
mined b y  electrolysis. 

Szdphzrr Dioxide. Five determinations of sulphur dioxide, made Au- 
gust 25, I F j ,  will be given here to show something of the amount of 
sulphur dioxide which is thrown off by the smelter. Other determina- 
tions were made at  different times, but will not be reported, since there 
is some uncertainty due to a loss of a portion of the notes. The gas 

Volume of sample (corrected) = 72.40 cu. ft. 



itseli \;.as clraivii through tenth iioriiial itxliiie st l!uticxi. iruiii te:i t:) 

forty cubic ceiitii1ietei.s being used ioi- wcl i  tc 'ct .  The results 1vc'r-c' c d -  
ciilate(1 from tiit' f(iriiiu1as : 

f I;. I7IC 
'/c so, = 1119 

vi 
I .  I he results of these determinations are shown i i i  'Table c), \v I i :w I:;: 

probable value is calculated from the forriiula, o 674  j\ llli where Y 

is the  variation of the  probable value frotii the  detciriiiiiied average. 

E , .  
i 

TABLE 9. -~ I'EKCEST.A<:i< OB SLLPHUK I ) I ~ x  1 ~)i , : .  
!'ol~ime YO1 

v: NO. 5ample. 10 cc. i .  v1 I'er ceiit.50: ! 

I 2100 cc. 1050 790. 2 1.417 - .o;h . ~ 0 j j j 6  
2 900 gC0 679.0 1.64s . I , > >  . 0 2 . ) 0 2 j  
.i io20 I020 768.0 I . J j S  - 0 . 3 j  .0v I 2 2 j 
4 .;SI5 953.7 j1S.2 I .  j j S  . ,065 ,0042 2 5  
5 3225 IO; j sog.0 :.$4 ,109 . 0 1  IS81 

Gravinietric determinations of sulphuric acid jvere made 011 the re- 
Tlie 

Average per cent. by voliiiiie of SO? .- 1.193 4. .o;j2. 

miiiiiiig solutions. ant1 the sulphiiric acid t1etcriiiii:ctl hy  difference. 
average percentage by volL1iiie \\.as o, I 14.  

is gi>,.eii in Table I O ,  ivliere all the resiilts for voluiiic are given as cal- 
cii1att.d to iiiiiioriii temperatures atid pressiires. The I-csults for sulphur 
tliosi(le arc ohtaiiieil 1))- ta!<iiig the average Ixrceiitage, ant1 ca!ciilatitig 
the aiiioLii:t ior each vol~iiiie as given for  the separate \-oluiiic clctcrniiiia- 
t io1 1 .;. 

,-l siuiiiiiary of tlic \xiltiiiic c1etcriiiiii;itioiis a in t l  aiid!. 

I .  1 :il3r,E IO.--SLMLraI.ARY O F  THE VOLUME I ) I . :Tb~HZIISATIOSS.  
T o n s  Su' .  

Sniii- Velocity i t .  t emp.  of stack=iiq.;c te i i ip .  surroiiiiding standard phur  dioxi<,r 
pic. per sec. p = 612.2 mm. a i r  = 170 c .  coiiditioiis. per (in?. 

Cu f t .  per day a t  CII. f t .  per day at  ' C u .  i t .  per  day 

2 46.43 3, ogfi,ooo,coo 2.007, j 0 0 , O O O  I ,  j2~3.000,000 2,03s 
1 50.04 3.33 7 , 0 0 0 , 0 ~  2,161,ooo.ooo 1,6~1,ooo,ooo 2,195 

5 j5.80 3,721,000,000 2.41 I ,  000,000 I ,s2s,u00.000 2s34.3 
b4 59.24 3.95 I .000,000 2 .561  ,oov,ooo I ,942,00o,ooo 2,597 

.4vers#e .j2.8? 3,525.800,OOO 2.2Sj, 100,000 j - - +  i . ) . ) ,  j O O . U O 0  2.31s 
hvrs~ac;r . :  IS I'OUSDS PER Day or? S a t ~ ~ a s c l . : i  THROWS ( I F F  I X  ' r i iE  SMOKE. 

- ____ -____ ~ 

Xrsenic trioxitie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ailtinion? trioxide. . . . . . . . .  
Copper . . . . . . . . . . . . .  .......... 

. . . . . . . . . .  . . . . . . . . .  4>77.5 ..................... 

Rlangaiiese. ......................................... . . . . . .  I80 
Silica.. .................................. . . . . . . . . .  
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These results show that \vhile the great flue. previously described, may 
be fairly efficient in settling the copper from the smoke, still a consid- 
erable amount escapes, while the aniouiit of arsenic given off is very 
great. The  greater part of this arsenic is in the forin of the trioxide, 
though the crystals a re  somewhat rounded. -\ small amount exists as 
the trisulphide, and in the form of complex minerals containing iron. No 
attempt \vas made to identify the latter, but, judging iroin the ore, there 
was undoubtedly some eiiargite present. 

Samples of flue dust mere taken from the  big flue in August,  
I y j ,  beginning at  the bottom of the stack, and sampling a t  approxi- 
mately equal intervals to the bottom of the sixty foot flue, a distance of 
about z.zm feet. ’ he results of the analyses for copper and arsenic 
as given in Table I I ,  throw some light on the efficiency of the flue, es- 
pecially ivhen the results of the analyses of the smoke are also considered. 
The  flue collects daily approximately fifty tons of dust, but it seems 
evident that the amount collected near the stack \vould be much less than 
that collected in the portion nearer the furnaces. 

TABLE I I.-..1SALYSES OF I’LI:E DrsT. 
Per ceiit. Per cent.  

N u m t x r .  Location. cu. As& 
I Sea r  foot of stack 4.64 26.06 
2 5.23 2 2 . 0 0  

3 5.55 16.40 
4 ’  Bottom of 120’ flue 5.89 12.62 
5 Near top of narrow flue 6.33 10.32 
6 7.37 8.85 
7 Bottom of narrow flue 8.00 i. 14 

Diist collected from the outside of the glass sampling tube in the 
stack gave 2 5 . 7  per cent.,  and dust which dropped from the  top of the  
stack, 2 5 . 6 3  per cent. of soluble arsenic calculated as trioxide. 

The flue dust at the top of the big flue is roasted to produce coniiner- 
cia1 arsenic trioxide, but all of the  rest is sent to the  reverberatories and  
smelted for copper, so that the arsenic which it contains i-riust in the 
end be eliminated in the smoke, excepting only that portion \vhich goes 
into the reverberatory slag. 

The  aniount of copper deposited is greatest at the bottom of the fiue, 
just as Lvould be expected. since the copper is not in a volatile state; 
but the amount of arsenic increases rapidly as the stack is approached. 
The  flue evidently ends just where it is beginning to be very effective 
in the condensation and settling of the trioxide of arsenic, and the 
greater part of this substance passes out through the stack. However, 
even at the bottom of the sixty foot flue a considerable amount is depos- 
ited. It is evident that a large percentage of the oxide of arsenic which 
condenses to the solid state while in the flue, is carried along simply be- 
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cause it is so fine that it will not deposit a t  the rate the gas is moving, 
11.4 feet (3.47 meters) per second. Nos t  of the crystals ivhich ivere 
obtained in the stack, lvere from 0.006 to 0.020 millimeters in diameter, 
b u t  collected together in larger masses. After withdrawing each sample 
of smoke the sampling tube (*I) (F igure  6) contained considerable loose 
dust which ran high in arsenic, and 011 the lvalls of the tube there \vas 
always some of the trioxide which had crj.stailized from a vapor. The  
sulpliides of lead, bismuth, and arsenic were tlepositetl in definite rings 
on  the ivalls of this tulle. The  flue collects the greater part of the heavy 
metals, but alloLvs the most of the Jvhite arsenic to pass as a finely divided 
solid, a i d  as a gas. 

The Gcricral E f f e c f s  of tlic High .\'tack.-The change from 
loiv stacks to a very high one, has given an  escellent opportunity 
to observe the difference in their effects. The  result of the change has 
been to decrease the amount of arsenic deposited near the stack, and 
to spread it over a greater area. On account of the higher specific gravity 
of the smoke, it tends finally to fall to the earth, even though it may first 
be carrietl to a very great height, often striking the ground at  distances 
of from one to four miles. As a general thing. the sulphur dioxide is 
more dilute \\hen it reaches the ground than it n-as in the case of the 
loiver stacks. However, there is often a greater aiiioiiiit of damage done 
in certain valleys Tvhich were previoiisly protected by the mountains, hut 
into lvhich the smoke can now drop. The  trees on certain high mountain 
sides are also acted upon more than before, in some cases showing a 
streak in the forest where the current of smolie passes. 11-liile belo\\- this 
the  damage is less noticeable: but usually tlie gas finalll- descends into 
some valley. times, in a high wind, the smoke will come to the ground 
at  the base of the stack ; and tlie leaves of shrubs in tlie valley about half 
a inile from the stack. antl 1000 feet loiver than its top. shoiv a very 
high percentage of arsenic. 

O n  the contrary, in still weather. the smoke sometimes rises very high, 
arid seems to be carried I t  is certain, a t  
least, that on level land, near the stack, the action of the sulphur dioxide 
is less intense than before, and as a result it  is easier to raise trees antl 
vegetables. In spite of these beneficial results the building of a high 
stack cannot alnays be recommended. Such 2 case !vas that of the Kes- 
ivick smelter, \\.here the smelter la!- in a low, narrow valley. The 
short stacks threw out smoke which lcilletl practically everything within 
a inile and a half on the low land. This district \vould have been of little 
use had a high stack been constructed, and tlie result \voulti have been 
to  spread the injurious action over an uiidaiiiaged area. only to protect 
tha t  which was already ruined. 

111 order to determine to \vhat estent the smoke was dilute:; before 

away at  a great elevation. 
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striking the ground, one sample of air taken at a distance of two and 
one half miles was analyzed for arsenic, and gave three thousandths of 
a milligram of the oxide to a cubic foot. I n  this case we were in  the  
rapidly passing clouds of dilute smoke only about one fourth of the  time. 
Another  analysis a t  the  same distance gave one part  of sulphur dioxide 
to thirteen thousand parts of air. Analysis of cloths, snow, wood, 
grass, and other substances showed considerable quantities of arsenic : 
most on surfaces turned upward, slightly less on vertical sides facing 
the smelter, and very little on vertical sides facing an-ay from the smelt- 
er. The  arsenic in the smoke as shown by the analyses, \vas, in the 
three cases, 91.8 per cent. 91.1 per cent.,  and 89.4 per 
cent. soluble in water ; and the arsenic in two samples 
of grass was 92.6 per cent. and 83.6 per cent. soluble in the  digestive 
fluids of the cow. -1s a rule, the arsenic in the grass is less soluble than 
that in the smoke, since the rains wash away the more soluble portions. 
The  subject of the deposition of the arsenic will be treated in detail in the 
second article of this series. 

The concentration of the sulphur dioxide in the air of a smelter dis- 
trict is much more variable than in the great cities during the winter. 
I n  neither case, ho\vever, is much known of the actual percentages pre- 
sent. \l..hile the aniount present in a concentration of even a few 
hundredths of a per cent, may easily be determined by absorption in 
iodine or potassium permanganate, no method is at present known 
for the determination of the minute amounts of sulphur dioxide 
present in ordinary or even city air. T h e  best that  can 
be done at present is to approximate the total amount of sulphur gases 
in the air. X great deal of work has been done upon this subject re- 
cently in the smelter regions of the west using a solution of sodium 
bicarbonate or sodium carbonate as an absorbent. It should be em- 
phasized that such alkaline liquids are wholly unsuitable as absorbents for 
sulphur  dioxide, since even a ten per cent. potassium hydroxide solution 
does not completely absorb this gas. 
In cities, sulphur dioxide is present in the greatest quantities during 

the winter, when it can have little action upon plant growth. In smelter 
regions, the amount of sulphur dioxide in the air depends more upon 
the winds and the humidit!. than upon the season of the year. The 
highest results for sulphur gases in city air were obtained by Oliver, 
who drew London air through dilute hydrogen peroxide. The  amounts 
obtained were as follows : 

Per cubic meter. Parts per million 
Cloudv weather 1.9 mg, SO, = 1,52 mg. SO, = 1.17 SO, 

Heavy fog 6 0  -- 4.80 
1 95 
t . 7 1  

- Light -fog 2.9 2.52 - 

Yellow fog 7 . 2  -- 5.76 = 4 45 
Black fog 1.1.. I =- I I .28 - 8.73 

- - 
- 
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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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