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PORTON. MEMORANDUM NO, 19A

{ COPY NO3 '327 X

" [HE (HPMIGAL SAMPLING AND ANATVSIS OF C,W, AGENIS -
USED IN FIEID EXPERIMENTS

CT.ION _ N

Porton Memorandum Nopld published in 1942 described the methods of
sampling and enalysls of C,W, agents vhich were in use at that time,

With the hormal developments of time and partioularly due to the advent

X of the G gases, the emphasls in field experiments has changed considerably and

PM, 19 is now seriously out of date, The number of samples taken per trial

hes been inareased encrmously, and sampling in miniature bubblers at 1 litre

- par mimite has been introduoed, Meny sampling devices and methods of analysis

have became obsclete, and some of these have been replaced and others abandcned

Tigoa.use the campounds for which they were devised ere no langer of prime
terest,

This meanarandum has therefore been compiled to replace P,M,19. It intludes
all the methods which are now in regular use and also same which are used
infrequently, = Others are inoluded becauss of their suitebility for use in’
1solated capes, although these have not beem brought up to date (Jan, 1955),

. end as a guide to the modernity of the method, the date of the last use is
given in the heading, :

The memarandum was compiled by Ds Thoarp,

. (Sgdy) B. A, Porrem,
DI/JMP. Chief Superintendent,
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SEOTIQN I .
TABULAR SUMMARY |

This is a brief summery in tebular farm of the mresent ( Jenuary 1955) E
position of the methods of caollpoting the various semples, the analytical methods |
employed and the sensitivity ocbtainable, ;

The sensitivity (as Ct. ') depends on both the analytical method and the f
sampling technique, since the efficiency with which the sample is utilised in ;
the analyticel method plays a vital parts Thus, if the volume of the allquot
of semple used in the enalysis is already at the meximun suitable for use in |
the largest size of absarptiometer cell, and the only way of increasing the i
plze of the sample entails a carresponding increase in the volume of sampling j
solvent, there is no real adventage to be gained by inareasing the size of ]
the sample, Conversely, in some cases, a change from a 10 litre/min, sempling j
rate to o sempling rate of 1 3/min, wili reduce the sensitivity (1,e. increase J
the lowor imdt moasurnble by the method) by 10 times, tut in obher cases whize, |
when the flow rote is rednced, the volme: of sampling solvent omn.olso be redusved, |
this reductim in semsitivity will not be so great, P
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A, ABSOREING OR TRAFPING AXPARATUS
1. ABPARATUS FOR SAMPLING GASES
(e) puEBIERS |
(1) The Miniature Bubbler (4 Jih'e/nﬂ.n.)

”

The miniature bu’b'bler oonsists of a glass tube aboaut 6 long and O,5" diameteu:-,

closed at the bottam and with a bulb in the centre so that the Volume to a point
Just above the bulb is-25 ml, and the tube belaw the bulb is about 2,E% lang,

The bubbler is graduated at the 25 ml merk, and has a short side arm near the top
to which the suotion is applied, The inle‘b to the bubbler cmsists of a glass
caxillary tube of 1,0 to 1,5 mm bore and 5,0 to 6,5 mn dlameter which is inserted
into the top of the bubbler by means of a rubbser bung, and, term:!.nates 3" from

the 'bottcm of the bubbler, o

Rach bubblar is mubered individually end permenently, The inlet iube
bears the same rnumber and when assembled narmally the bubbler is. comnected by
means of a U bend to a aritical arifice which also carries this mmber (Pige1),

The tubbler is usually charged with 2 ml of solvent and it has been shown
that when sampling at 1 litre/min, no droplets larger then 3 p will pass through
the Tubbler, The efficlency of absoptiai in the bubbler is dependent a1 the
volume of sampling solvent, the time of samplmg, and: an the temperatn'e, a8
well as-on the gas sampled and the solvent used,

‘The oomplete assembly of bubbler and oritical aifioce is checked for flow

" rate in the labaratary befare each trial (Fige2).

The tubblers are mamted on metal frames, which have replaced the wooden

boexds uged originally, either singly, in pairs, ar in groups of 5 or 4 and
carried in slotted baxes (Figs, 3 and ). '

This assembly is very convenient for fleld use, jnatallatim and protectim,

& single bubbler being both sipported and mrotected by a piece of angle irm,

whilst the suctim leads are burled and the pumps and batteriea mrotected by
being placed in shallow pits, ar by sandba,gs (F.‘l.gs. 5and6)

Oun'ent drawjngs are as follows;.

Bubbler 0D05712
U bend SK, 1685
Metal holder
singls 0D. 5755
dduble " ODJ5T56

Ctrigle - @7
Bubbler prd\‘.‘eat -

When sampling in rain, o whem it is desired to exolude Iiquid droplets of‘
the agent (e,g. When taking sequential samples and the bubblers in which the
later samples are to be collected are anplaoed before the weapm is funotimed)
protectars are required,

Much thought has been given to this prcblem and seversal devices have been
teated, These have inolnded empty cartridge cases with slots cut in the mides
to admit the air, ooaniocal metal caps sipparted by a wire which was bent ramd
the bubbler stan, glass U bends, etc,, nme ot which wasigompletely: satiafactary,
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SECRET

With the glass U berds, the air entered wertically upwards, but it was found
that when sampling wes ocerried ocut in heavy rain the drop which collected at

the end of the inlet was sicked into the semple, It was them suggested that
the glass should be treated with sillome to alter the muface tensien, but in
the meantime polythens U bends had been tried and these hare proved satisfactary,
provided that the dlemeter is fairly wide (3/8 inch internal) and the bubblers
are kept reasmably vertical so that the drops can fall off the end of the
polythense, before being sucked into the sample,

The All-Glass Miniature Bubbler

A oértain amoumt of trouble has been experienced with the minlature
bubblers, pertioularly wheii they are used to ssmpie low oohoentrations of G
gases, or for matard gas, This was found to be due to traces of rubber frdn
the rubber bunge getting intc the manple either mechanically ar by solvent

actiai, leading to en'a;:bio reaults,

All~glass bubblers, in whith the capillary inlet tube is fitted into the
bubbler by a ground glass joint, have now been introduced for thesé purposes
and are expected o replace the bung bubblers generally, :

(2) Zhe Dimple Diso Bubbler |

Thig bubbler has now béen miperseded by the miniature bubbler for many -
prposes, but it may still trove useful when en incorease in the volume of -
sainpling liquid 4s required, and when the nmumber of samples is not so great
that its use is precluded on the grounds of size (trensport, etoe)s -

The dmple diso tubbler largely replaced the bead bubbler (ses below) owing
to its much greater rcbustneass and easé of washing auf, '

~ The bubblex oonsists of a glass cylinder 8" to 9" high and {1" dlameter

with the whole of the walls up to 5" high dimpled to.8ive internal spines and
therefare an inoreased absorbing surfaoe, The inlet tube is sealed into the
top of the bubbler and runs inside the body to the bottan wherse 1t splays out
into a disc about " dlameter and F" from thé bottom of .the bubbler, Abait 1"
from the bottdn of this inlet tube there 1s a simller disc to br'éak up the
bubbles further, (Pig, 7) ' , '

The bubbler is charged with 20 ml of solvent and is normally used far
sampling at 40 litres/min, Two bubblers are carried in an aluminiwm orate an
13 orates in o wooden bax, (Fig, 8) ‘ .

Drawing Pin/1600 (U8697)

(3) Ihe Bead Bubbler

This bubbler, although fragile and difficult to wash. out glves mare efficient
sbsarption then the dimple bubbler (or the miniature bubbler), i.e, it has a
mich lower "slip”, If haa therifare been retained far oertein gases, e.g. acety-
lene, which are diffioult o absarb,

The bead bubbler is a glass oylinder 10" high {3 dlameter, divided into
halves by a oanatrictim dom to 1" width (intemal) dnd with the lower half
filled with 5/16" diam glass beads, The inlet tube }" 1,4, cameots to the
bottan of the bubbler and is brought up by suitable bends to a positim Just
below the level of the neck (Fige 9).
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SECHET
This bubbler is charged with 10 to 20 mL’ of samp]ing solvem and .can be

.uaed. at flow rates up to 40 litreg/min.

Drawing CD.5711

(4) The Tne large Sintered Diso mbbler

' This congists of a glass oylindar 3% in diameter and 40" high with an inlet
tube $" dismeter dom the oentre of the Pubbler terminating in a fritted disc
gbout L"from the ‘bottom of the bubbler and with a narrow armlar space aromd it,
A wide autlet tube and a stoppeu:'ed £illing hola are provided.

The minimum volame of Bang)ling solvent, sinoe the frit mst be oompletely
covered, is 60 ml and the bubbler is normany opérated at sampling rates of
30 li'bres/m:x.n. and orer, '

It has mroved useful in cases wheare the aampJ;!ng rate octuld not be reduced
below %0 litres/min, ) ©egy In simlated 'breathing experiments, It has a very
mall slip,

‘
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SECRET

(b) TUEES FOR SOLID APSOREENTS

The tube usually used is of plastio and tapered slightly, approadmately
2" by 1" outside dimensions, with a copper gauze olosing me end and with a
sorewed collar of the same plastic material at the other end, The fube is
filled with 5 oo of silica gel a 3 ao of ocharcoal, which rests o the bottam
gauze and is held in positdon by a second gauze and.a light spring which is
reteined by the aarewed collar, It is possible tc incarporate a dust filter
under the collar, but such filter mist have a low flowwresistance, and a amall
ebsarptive capacity far the agent under cmsideraticon (Figs 10). 4

" A plastic tube of a different shape, to Hold roughly the sameé amomnt of
gel, tut with a sharter path length far !che air being sampled, has a lower
alr resistance and has been considered for use in sam cases, e.g, Whem
operated by human breathing, = . . :

The advantages of the tube sampler over the bubbler are portability (non-
spill), strength and Lightfiess, e |

Solid absarbents have been used to sample mustard gas (to be-estimated by
the nanespecific chlaride method)., Silioa gel was ueed in temperate climates,
but en activated charcoal filling was used in the tropics, since in the warm humid
atmosphere the silica gel became saturated with wnter and the slip of the mstard
gas through the tube beceme excessive,

Silioa gel has been used to sample GB and GE for analysis by the dlanisidine
method, but anly where the semples could be analysed immediately to avoid loss of

G by hydrolysis,
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(o) SAMPIERS NOT RELYING ON ABSORPIEON

The main use of this type of sampling apparatus is for gases which are
diffioult to absarb, and therefdre camnot be sampled canrveniently in bubblers,
They have been used recently far nitrous fumes and for carbon moncxides

(1) Ihe Evacusted Bottle

A Winchester glass bottle (2% to 3 litre) with an aocurately measured
internal volume is fitted with o bung and a length of pressure tubing, After
evacuation the tubing ls olosed by & screw clip, and a glass plug, ar a glass
Jet dravm out to a pealed point, 1s inserted :I.n the tubing as an addiﬁimml
sealy The sorew clip is released. before sempling snd either the plug removed
or the glass jeb trcken at the oarrect moments  The bottle tekes about I secands
to £111 and is resea.led as soon as possible after sampling (Fig. 11),

e YN Fre b e s

Evama'bed bot‘cles have been used to sample from positims :maccessible to
the bottls by means of a length of fubing leading %o the sampling pointe Toedd. et
ely priar' to sampling abendpump is operated for a number of strokes dalculated
Yo clear this tube, and the 'bube is then comected to the bot'ble befare releasing
the sorew c¢Lip, - , ‘ ' ;

Far same gases it is nepessary to add a reagent to gbsarb the gas. With
agquecus solutions this caii be dme befare evaouation provided that the pump is
fitted with a suitable drying trep. The absarbing solution is then swirled
ramd to wet the gides of the bottle before and aftér the sample has been taken,

(2) ™e Balloon Inside a Bottle

[

The Winchester bottle is closed by a w.ng through which pass two ghort
motal tubes, From me of these tubes a pn.eoe of rubber tubing leads to the
bottom of the Winchester and the other end is attached through a critiocal arifice b
to a pump, To one end of the other metal tube is atbached a balloon which .
hangs limply inside the bottle, whilst the other end of this tube is camected
to the sampling peeition,

When the pump is ewitched m, the air is drawn out of the bottle, cemsing
the balloon to inflate and draw alr from the sampling position, At the end of x
the sampling period both tubes leading from the bottle are closed by means of
a pieoe of glass rod,

Both 25 gram metearologloal balloms and strong toy balloons have been ussd '
to sample for 5 mimutes abt 0,5 litres/mimite, One T{ pump can be used to operate '
10 or 20 sampling positions,

In a few cases wilth long shaped balloms 1t was advisable to omit the rubber ! ‘
tubing inslde the Winchester, |

(3) The Water Filled Bottle with a Syrhon Tube

The Winchester bottle is £illed with water and closed by a tung through
which pass two tubes reaching almost to the bottom of the bottle, One of these
is slightly longer than the other and is bent over ocutside the bottle to form a
syphon tube, the other is the sample inlet end iz camected to the sampling ‘
pos:Lt:Lan. With this constent head device, the sampling rate is roughly constant ?

and samples can be taken fer moderate periods e.g. 5 minutes at 0.5 Litreg/min, i

e e e s o

(4) The Aspiratar

Two aspiratars (usually 410 litre) are -ised connected together by rubber
tubing with a screw clip, Water is allowed to flow fram one tu the other at a
steady rate and so collects the sample in the aspiratar froam which the water’
is flowing, Care must be taken to equalise the pressure in both a.sp:.ra'bcrs,
before and after sampling, in order to meamire the volume collected,

- 13-
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Tha nnin parpoge of this davios 1s to bake a camtinuous sample at a
regular speed of a not readily absorbed gas; such as ocarbon moncxides

(5) The Football Bladder

The bladder is fitted with a nan-retuwrn valve (the usual type of valve

‘adaptor for inflating footballs by a bicyole pump) and attached to the outlet

of the pump, The aritiocal arifice is attached to the inlet of the punp a.nd.
forms the sample :lnta]ce,

Only diaphragm pumps are suitable for use with this technique and even
these should be tested far leaks to ensure that the amount of aeir blown into
the football is the same as that colleoted fram the sempling point, A slight
leak is immaterial rwovided that the sampling positiom is large enaugh to
accomodate the whole pump and not. Just the inlet, so that the air leaking in
15 identicel with the sample,

A comvenient semple foar a football bladder is 40 litres and. ™ pumps have
been used to take samples far 30 seconds, at 20 litres/mimite,

Only e sample can be taken by each pump and the sample is slightly
contaminated by lubricent eto,, during passage through the pump, . If an
appreciable time is expected to elapse between sampling and analyais, the neck
of the bladder should be plugged as the nonreturn va.lves are not very efficlent,

u'”‘_u
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2, APPARATUS FCR SAMPLING PARTICULATE CLOUDS

THE DOUBLE CONE FIT.TER

This consists of two plastic canes which are threaded at the wide end =so
thet e cah be sarewed into the other, A atandard sized filter paper, 5.5 am
in dlameter, together with a rubber washer, is placed on a ledge ingide the
axtlet cone and held in positian by the other cone when this is sorewed in,

The end of the oubtlet cone is rrovided with a ridged tube to give a good fit
into the suctim tube of the injecticx (Figs 12),

If strict isckinetic sampling is considered desirable, a glass tube of
the oarrect diameter can be inserted into the inlet end of the filter (Fig, 13).

The filters are carried in wooden "nests", each of which holds four filters
with the ridged ends down, so that the sample is on the top sumrface of the
filter and is therefare less likely %o be shaken off in transit back to the
labaratory,

When sampling at 10 ar 15 litres/min,, ane Whatman No,4 peper has been
found to be satisfactary far white phospharus ammoke, while far the insecticides
IIr, benzene hexachlaride, and INOO, two thicknesses of Whatman No,i paper were
used, Far othér amokes, Whatman NoJ4k paper has generally beem satisfactory,
but far salicylaldazine an asbestos paper had to be used,

-.150-
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3. EQUIPMENT FOR THE SAMPLING OF GROUND CONIAMINATION

Fox* methods of estimation of groumd ocmtemination are commaly uged:-

(a) sampling envelopes

(b) felt peds

(o) turves

(a) pie plates ar petri dishes

0f these (a) (b) and (o) are normelly used similtansously, whilst (d) may
be ugsed to replace any of them accarding to the circumsiances,

The areas of the sampling devices, viz,
Emrelopes. 174 per square metrs
Felt pads $00 v
Turves 218 4
are related to the degree of comtaminatiom which they are expected to sample,

The emvelopes, having the largest srea, are used far the positioms of the
lightest contamination whem the drops will be more scattered, so that a larger

sempling area is required to cbtain a representative sample,

(a) IHE SAMPLING ENVELOPES

The sampling envelope has cne side made of Whatmsn No,{ filbter paper about
9% x 9%", whilst the other side and also a frame round the filter paper is made
of moisture resistant peper ‘such as Buff Manilla, Inside the envelops is
placed a flat iran plate with a rim 3/16" high, to provide weight to prevent
the emvelope from being blom away and also 4o act as a gpacing ring to give
an air gap below the filter paper so that the liquid droplets will be
absorbed by the paper and not pass straight through (Fige 14),

Envelopes are useful far estimaﬁing light conteniinations, but although
filter peper can gbsarb up to 100g/m“ of most chargings 1t is famnd in mactice
that ebove 10 g/m% sane of the liquid elther flows off the edge of the envelope
ar pesses through the flilfer paper before it is abaorbed,

(b) THE FELT PAD

. A pleoe of woollen "Fearnought" felt is arranged in a metal holder so that
the exposed area of felt is 100 mq, ome The felt gives a swface whioch is
rougher than paper, has mare rapid absarblng properties, and off which drops
falling at an angle are less likely to bounce, The dyed charging also pemetrates
degper into the pad than it does into peper and hence fading of the dye due to
exposure to light and loss of dye due to volatility are rednoed as canmpared with
papent,

The present holder, which was designed far simplicity and speed of marufao-
ture, oangists of a flat piece of brass with one end curled over, The felt
is' cut 10 om x 14 om, and 4 om of the length is forced under the curled edge of
the holder; the oppomite edge of the felt is then held dom by a papar clip,

—16—
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Felt pads have been used as non—sexpendable stores i.e, the same pads have
been used for meveral trials after extracting the dys from the pad and washing
the holder, This has meant that they have not been very relisble in the
areas of very light conteminatian, Also in these areas the small mize of the
Ped gives too small a sempling area in relatidn to the scattered nature of the
droplets, Pads, like envelopes, also tend to get dlsplaced or turred over in
the vicinity of a low burét bomb o near the arater of the bomb casinge With
contaminations in excess of 200 g/m?, gome of the charging passes through the
pad, . ‘ : : :

Felt peds should therefore be used in the area where the contaminatim 1s
expested to be in the range 1-100gém? o ‘ -

(o) TURF SAMPLING

The turf outter conslsts of a circular metal outter 3" in diameter to which
13 attached a long handle for canvenience in ocutting (Pig. 15). . The ocutter is
forced into the contaminated turf with a rotary movement and then with the ald
of a trowel a turf sbout 2" deep is lifted and transferred to a wide mouthed -
stoppered bottle, numbered to carrespand with the position of the turf,

Twf oubting is resarted to in the areas of heavy cataminatim (over 50 g/w?),

particularly if the felt pads have been displaced, or if it is desired to take
samples over a closer grid,

(d) THE PIE PLATE OR PEIRL DISK

Enemel pie plates cr petrl dishes of known diameter have also beemn used to
collest liquid contaminaticm, the slze being chosen to oorrespond with the
degree of contamination expeoted l.e, a lerger sampling area in the positlons of
lighter contamination, ’

These have been used in cases where pads cculd not be used, e.g. to estimate
substances which could not be extracted easily from the pad ar turf, Thus when
it was required to estimate G itself end not the dye characteriser, the G would
have hydrolysed to same exten’ on the pad. In other cases it was required to
sample heavy conteminations om tarmac or conorete from which turves could not be
cut,

In some cases the bottan of the petri dish is covered with a layer of
sbsarbing solutim, sege¢ for GB it is covered with a £ilm of cyclchexamnol, to
reduce evaporstlan befare analysis,

In using petrl dishes note must be teken of the soreening action of the
rim when the droplets arrive at an angle to the vertloal,

- q7 -
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B. NOTES QN CRATER SAMPLING

It is sametimes desired to kmow the amount of charging left in a orater,
Far this purpose the looss earth is dug out and digging is oantinued till all
the charging is removed. This 1s largely a metter of experience, hut soms
guidanoce oan be giveh,. Thus, if the charging was dyed, digging shculd be
oontinued untdl there is no oolour'left in the arater; 4if it has a strong smell,
this should be made use of, In case of doabt it is always better to take. too
much rather than too little, . '

The sdll dug out is well mixed, any large lumps broken up and any flinta
reJeoted, The thoroughly mixed earth is then quartered in the standexrd marmer,
the diagonally opposite quarters bedng weighed before being discarded, The
mixing and quartering is repeated until the residue is a oarvenient gize far
snalysis. This is also weighed, to give the propartion of sample to-total

The gpample is then amalysed in the appropriate maxmer £ dye, nickel, ar
other characteriser, . . ‘ o «
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C. OFERATING DEVICES

1  FLOW _CONTROL DEVIOES

(8) The Critical (rifice

(1) General

When gos is drawn through an arifice by means of suotion applied to ane
side, then, provided the pressure drop across the arifioce has reached a aritical
value which is dependent on the geometry of the arifice, the mass flow of gas
will renain constant irrespective of furthor incroases in tho pressure differ—
ential with increasing suctions, The flow rate is propartionel to the square of
the diameter of the orifice, An internsl diameter of 0,35 mm gives a flow
rate of about 1 litre per minute, 0,5 mm diemeter gives 2 litres per minute etic,
Far a hole in a flat plate the aritical mregsure differential is about half an
atmosphere (35 om of mercury), tut it has been shom experimentally that a
profiled orifice of venturd shape giving streamlined flow will act critically
at a amaller mressure differential, Hence one pump cen operate a greater
mumber of samples through venturl type orifices than through orifives of the
flat plate type, . )

Venturl crifices were originally constructed from polythene, with the
inlet cone making an angle to the axis of 30 = 40° and the outle‘; oone longer
and with an angle of only 2° to the axis, experiments having shown this shape
to be the best, When a few of these were produced, they were very satisfactary
and acted aritically as long as the mressure on the pump side was not mare
than 3/4 atmospheric, i,e, a mressure differential of only 1/} atmosphere; but
when produced in quantity the results were disappointing for 4 litre per minute

flow, although by enlarging the hole they were suitable far use at 40 litres
per minute,

A seocond type of critieal arifioce used consisted of & glass tube with one emd
congtrioted till the hole was of the carrect diameter, but these also were
unsuitable for mass mroduotion, The problem of mroducing large rumbers of
critical arifices with a reproducible flow-rate was finally solved by the
introducéion of the Veridia-disc orifice described below,

(i) The Veridia Disc Oritical Orifice

A length of capillary tubing can be used as an alr flow regulator, but the
flow rate 1s dependent on the messure differential meinhtalned by the pump, If
hovever the length of the capillary is reduced to 1/16", it will act as a
ariticel arifice providing the mressure on the pump aide is less than half
atmospheric, 1/16" thick discs of Werid a" (precisim internal diameter)
tubing have been used as critlcal orifices and found very satisfactory,

The disc 1s farced into a piece of surgical rubber tubing of intermal
diameter sbout 2 rm less than the external diameter of the glass dise, On
each side of the disc is placed a piece of plastic tubing (either fairly rigid
polyvinyl chlaride ar polythene, according to the risk of attack by the vapour
of the sampling solvent) with an outer diameter slightly less than that of
the disc. This holds the dlsc at right angles to the axis,and acts as a
spacing piece to allov the rubber to contract (Fig, 16), A length of at least
1/2" of VO tube is found to be necessary to prevent leaks pest the outside of
the discs The plastic tubing is held in place by either aluminium a glass
tubing, which also sexrves o commect the critical orifice to (a) the sempling
unit f‘b) the suction ldne .

(b) The Ball and Tube Flowmeter

This is described with the Injectar = see 3 () below,
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b 2, SANPIE TIMING CONTROLS | ' ‘ | : } ;
‘ ’ " 1 3
(2) The Rotary Distributar :

(1) The Bellows Operated Roﬁary_Diatri‘Eutow

. ‘ This was designed for operating at flow rates of at least 10 l/min. It ,
consigts of a flat plate with ten holes leading to ten sempling positions, A 3;
rotating hollow arm moves over the flat side of the plate to commeot with each

. of the posltims in turn, Vhen suction 1s applied, this first compresses a D
bellows which moves the rotating arm to the first sampling positicn and when L
the pump is switched off the bellowvs expand and allow a ratchet mechanism to move | '

; the rotating amn to a blank position between the flrst two sampling positionse P

o The connection between the rotating arm and the flat plate is not absolutely _ It

‘ airtight, but since this is on the suction side of the aritical orifilcs, it is i
unimpartant unless the lesk is so great that there is less than half an atmosphere !
mwessure differential,

A lever at the back of the distributar allovs it to be reset to No,{ posltion |
. by hend, U

Since an air flow of about 10 1/min, is required to expand the bellows in a [
reasomable time, one of these rotaries is normally used to control several P
positions sampling at 4 1/min, When the rotary is controlling only ane ar two b
positims, a 5 ar 10 1/min, critical arifice is inserted into the line between ;
the pump and the rotary in arder to inorease the air flow and reduce the time P
required to switoh the rotary to the next positioa, .

In all cages the time farr the rotary to operate mist be checked and an
interval of at least this period allowed between the suocessive samples,

£

(i1) The Schrader Valve Rotary Distributar

This apparatus is designed far taking up to six caasecutive gas samples, 3
using a single saurce of suotin, :

The six sampling lines connect via Sohrader Valves to a plenum chamber which
in turn is connected to the vaamm line,

solenoid.,

i

|
The Sohrader valves are ;apened sequentially by a cem driven by a rotary i P

|

i

i,

The distributor is used in conjunction with a remote control switch, which
carries a pointer indicating which sampling line is in use,

; This type of rotary distributar can be used mly for flow rates below about ,
; 5 1/mn, as above that rate the Schrader valves aoct as aritical. ortfices themselves,
; end henoce narmally ane distributcr should control only one 4 1/min, sampling i
| . positian, .

When using this distributor, two separate electrical circults are required,
ane far the purps end one far the rotarles, and the gauge of cable used mast
be such that each distributor receives the oareot 2 volts,
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() ZIhe Bomb Release Control far Evacuated Bottles

Thig omibrol is en Air Ministry boib release interval timer (M:Lokey Mouse
pattern) such that when sn electrical impulse is givem, o lever arn maps down,

An evacuated bottle fitted with a Jet bent at right angles is placed along-
pide the bomb release so that the point of the jet protrudes through a hole in
a metal frame and comes Just below the lever srm. .

The bottles are arranged in banks of four each with its own bomb releasa, .
go that by using four separate switches, four sucoessive snap samples can be
taken ‘
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3a  SUCTION IEVICES

(a) Pump for Large Scale Field Sampling (T.1 Pumps) -

This is a series wound 2 vdlt D.C,, 1.2 amps., 6,600 rm, 1/4 hyp, motor
attached to o dlaphragm pump which is capable of mulling about 50 1i£'re¢/ min, of
fres air ar of maintaining a vacuum of half an atmosphere when pulling 30 litres/
nin, of air through oritical arifices,

In the field these purips are uéecl for sampling for up to 20 positlons each
&t 4 l/min,, the vardous positimns being cameoted to the pump by lengths of
riping and manifolds. S

Some of these puaps haire been modified to be 'opera;fed at 110 volts D.C,

(p) Static Pump for Large Soale Sempling

This is a comercial pump operated by a 1 h.p., 220 volt A, 0. motor at
1425 rpm and supplied by lessrs, Pulsomster of Reading, It is suitable far
operating up to 50 positions at {1 1/min, in the labaratary, gas chamber or other
pernanent positia, . .

(o) Miniature Pump for Individual Sampling

This 1s a 3.5 cc piston type toy Diesel engine converted to act as a pump,
direct driven by a 24 volt D,0, 2,000 rm shunt wound motar. These motars
consume about 50 watts and the pumps pull 3 ar 4 litres/min, of free air ab

ébout 2 litres/min, of alr when rmintaining a vaouun of over half an ahnbspheré.

They are infended to be used far sampling at individual points, but if
necessary s purp (if in good oonditian) could be used for two positions each
at 1 1/min,

(d) Vacuw: Tanks

Vaouun tanks have mroved useful at atatic pogitins e,g, the burasting
chesiber, where the flow rate for the number of samples required was greater
than the ocapacity of the pump then available,

The vacuun tank can be any large airtight tank oapable of withgtanding
the pressure - an empty bomb body was actually used, This is evaouated by the
pamp mier to the experiment and the sampling is controlled by a tap between the
sampling poirts and the tank, . monaneter is fitted to the tank to confirm
that the sampling 1s terminated before the vacuur: has been reduced to less than
half en atmosphere, to emsure carrect flow through the aritical orifices,
(e) The Injector
The injectoar is self contained and, although it has been superseded by
suction pumps for most layouts, it is still of value far remote or isolated
sampling positions,

Two types of injectar are aveilable, cne for complete control by hand,
the other after a mreliminary setting by hand is swltched on and off electriocslly,

The injector operates on a similar principle to that of the Bunsen watber
pamp and oansists of the following parts.(Fig, 17)s-

(1) e air bottls , o thin steel alloy oylinder is charged to & maximm
wessure of 1, Peisdl, dry alr, and should thorefare be handled with care,

(31) e main valve, This should be kept either fully opened cr fully '
closed, in which cases the gland is self-sealing, At intermediate positicna,
air leckege and damage to the valve may ooour,
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(i1i) The reducing valve and mouge, When the injector is fully charged
the gauge should show 120 atmospheres. When the messure falls below 30 atn
it is sn indication that the injectar W:Lll not contime to function ruch longers

(4v) The injectar unit is a stainless steol Jet with a fine gauze filter,
and ddscharges into - ~ ,

(y} The venturi tube and exit pipe,

(vi) The flometer usua.lly Pitted to the injector ccna:.sts of a steel ball
in a transpevent plastic tube which is slightly tapered inside, and is calibrated
at 10, 15, and 20 litres ver minute, This flowmeter reads aocurately only if
the :i'.n,jector is placed in strioctly harizontal position,

(vii) and (viii) The flexible inlet tube and adaptar

Notes (1) Injectors should be carried in boaces and, when removed from the box,
“should be lifted by holding the top of the reducing valve, They should never be
handled by the thin tube connecting the nain valve to the reducing valve, or

by the flowmeter, .

(2) ilthough the balls in the flmmteis_f are made of steinless steel,

corrogion does occur and the balls oftén stick and have to be loosened by
‘mementarily tilting the injector ar by gently tapping the flowmeter tube.




SECRET
SECTION IIT
ANATYSTS OF THE S.MPTR

The analytical methols quoted below are as used for the samples from the
nost recent trials, but in some cases this is several years ago. (e date of
last use is quoted after the heading in most cases, up to Jaxuary 1955.)

In view of the changes in the technique of sampling - design of bubbler,
flow rate used, eto, =~ some methods will require modification before being
revived if the murber of samples involved is appreciables The volume of
sampling solvent used will depend on the type of bubbler and mn the flow rate,
and as the efficiency of the sampling is dependent o all three of these as
well as on the temperature and the time of sampling, the "slip"™ should be
checked before any modification is accepted,

In most caées typical calibration results ore quoted, These are given
as a gulde to the sengitivity cbtainable, and new calibrations should be carried
out if the methods are revived ar if new supplies of reagents are used.

It is considered that several of the methods could be improved, e,g. it 1s
possible that where alcohol is used as sampling sdlvent it caild be replaced by

" & less volatile solvent; in other cases titrimetric methods could be controlled

amperonetrically or replaced by nore sensitive colarimetric methods, In these
cases, hovever, the amoumt of recent use of the method has not Justified the
tire required for its improvement,

xSZL'Lp ig hére taken as the amount in the second bubbler, exmressed as a
vercentage of the amount in the first btubbler, when the sample is taken through
tvwo bubblérs in series, ‘

NOTR .
Exclnded from this memcrandum, but included in P,M.19 are methods foar:—

INTTHONY — (see also Ptn/4751(U2648))

CATMIUM

CHLCRINE by mercuric nitrate titration
CHIL.CROCROT ON:.I DEHYDE

ETHYL: IODCACETATE  (KSK)

HYIROGEN SULFHIDE

MAGNESIUH

01T, SKOKE

T ITENTIUM

ZING (by visual estimation of turbidity with ferrooyanide).




SERET

he  ANALYTICAT INSTRUMENTS

1e Spekker Absarptiometer H760

This is a well known carmercial instrunent, supplied by Hessrs, Hilger and
Watts Litd, : .

The Tlford filters ranging fraa "Spectrum violet 604" to Spectrun red 608"
are now used with this instrunent, However, soae of the older mebthods quoted
. refer'to the older type of "Smelker" and the glass filters No,1 Red to No,7 Dark
Blue, The necessary modifications and recalibration should be made if the
nethod has to be brought into use,

In order %o simplify the analytical technique when dealing with large
mnbers of samples, the sampling ubbler is also used as thée analytical vessel,
and the reagents are added to the sample in "Situ",  This means that the colour

measurement has to cope with a very wide range of concentratims and %o achieve

&

Thus, pale colours are measured uging cells with a path length of 3 e and deeper
colours in either 4 a1 ar 0,25 o cells, In some methods, where the renge of
concentrations expected is extrenely wide and the amount of reagent already
added 1s sufficient to cope with this range, 0,25 mn cells have also been used,
and the necessity of diluting and taking on aliquot part soavoided,

2. Unloan Spocirophotoneter

This is also a well known cormercial instrument, the Unicanm S.P. 350
Diffraction Grating Spectrophotometer, supplied by llessrs, Unicam Instruments
Ltd, Solubion cells ranging from 4 inch tubes %o 0.25 cm cells are used
with this instrument,

3 Fluarimeter

Since no commercial instrument with safficient sensitivity wags available,
one was designed and produced at Parton (». 7,2, 455); (Figs, 18 = 21),

The ariginal fluorimeter was a single ended instrument, but later models
enploy the twin-beam Principle and consist of's

Light Source:— 4 12v, 24 watt Usran lamp having a single vertical spiral .
tungsten filament,

Detectar System:~ Two photomiltipliers, me on each side of the lamp, are
camected together with the final dynode load resistars, one of which is varizble,
in a bridge circuit, 4 galvanometer is Joined between the final dymodes, .

The rhotomiltipliers are onosen with low dark current, high gain, end
maximum respanse in the blue spectral regim, 220 X 1 watt resistors are
used dn each dynode chailn, The veriable resistar is a 25 K Oolvern "He lipot®

fitted with a slow motian dlal graduated in e thougand divisiotqs, end ia the
final, dynode resista in the cantrol rhotomltiplier oircuit, The fixed Losd
Teslstar in the final dynode of the fest photorultiplier ocircuit is between
5eand 35K  and is chosen so that with nc light o either vhotomiltiplier and
the variable resistar get at maximun the current is approxcimately balsnced,

& Carbiridge "spot® galvananeter, 1 microamp full goale deflection 1s used
to indicate the mull point.

~ 25 w
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Test Cell:~ un optical glass cell, internal dimensions 4.5 om high, 3.5 o
long, and 1,5 an wide, is used. Light enters the ooll through s narrow face
ard the photomltiplier measuring the developed fluorescence is placed as near
as possible to o wide face,

Filters (a) Wouods glass filters are placed between test oell end light
and between control photormltiplier and light.

(b) in Ilford 406 filter is ingerted between the test cell and
the photomiltiplier to elivinate stray l:.ght reflected or rei‘racted fron the
test solution,. .

(o) A& neutral demsity wedge filter is placed between the control
photomltiplier and the light source,

.Power_Pack:- i congtant voltage h'angf_om'r;ier is uged to supply:~-

(a) & lightly statilised 1400v, lwSma supply with a varieble
voltage control,

(b) & lap transformer 12v, 2~3 amps.

S@e@g:—a The test cell, photomltipliers and filters ore sareened to
I.:rervent the ingress of gtray ligh'b and care should be teken each time the test
coll ig inserted that the metal cover is replaced in the correct position,

Light shutters are mrovided for stand-by use on control and test photo=
mltipliers and on the test cell,

Use of the Instrument:~ The instrument is switched on, alloved to warm
up for 30 mins,, the voltage on the 'ohotomltwla.ers adjusted to the standard
value and the setbting of the neutral density wedge checked as follows:~

L fluoreseein ar other standard fluarezcent solution, having a
fluarescence intengity equ:walent to a standard reading in the
range expected, is placed in the test cell, The variable load
resistar ("helipot" is turned to the standard value and the
wedge adjusted t1ll zero current is reccrded on the galvanometer,

A blank solution is placed in ths test cell, and the "helipot" dial is
rotated until a null point is indicated on the galvanomter and the number
noted, The blank solution is renoved, the test solutiom placed in the cell
and the mrocedure repeateds,

It ig advigable to check blank and control readings at freqent intervals
and nake a small carrection for drift due to temperature change,

4, Infre Red Gag inalyser

The L, R.Gais 13 a cormercial instrument suppl:.ed by llessrs, Grubb~Parsoms,
It consists esssntlally of s

(1) 4 source of Infra Red radiation
(41) & rotating chopper
(i11) Two parallel tubes, one of which contains air free from the gas

totbe estimated, whilst the sample is passed through the other at a slow sleady
rate.

(4v) A condenser consisting of a diaphragm and a fixed plate and cantaiming
the game concentration of the gas to be analysed m each side of the diaphragm,

- 26 =
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(v) in eleotrical waasln'ing system,

Ain interrupted bean of ihﬁ'a red light is passed simultaneously down the
two tubes and into the condenser, If the sample is "blank® the amount of
radlation sbaorbed and heat 'roducad is the same on both sides of the din;
but if some’ of the gas is nresent this will absorb some of the radlatiom in the
seample tube, so that the henting effect in the condenser will then be aut of
balance and the dlaphragm will be displaced, This is measured elec‘bric.,..]ly
and the chopper enables an .¢C, amplifier to be used,

The I,R,G..., con be used for the estimation of carbm nmoxide, carbon

dioxide and for many hydrocarbons which absorb strongly at part:.oular wavelengths
in the infra red,
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[ . B, METHODS OF ESTLMATION i
{s_ ACETVIENE (1953) » K
P o =
¥ . 3
- ‘ ‘ o ; I
i loetylene has been used in trials requiring o true gas as an imocuous o
i substitute, . P
| B
ZRINCIFLE COF THE METHCD §

; The aocetylene solutlon is treated with an amoniacal copper solution and

= the red copper acetylide (mrevented from coagulating by the mresence of gum

R ghattl) is measured in the Spekker ibsorpticmeter,
OOIIEUI'I(N OF THE SAMPLE

The acetylene is collected in bead bubblers charged with 20 ml of acetdne,
The bubblers are ocontained in a wooden box and packed round with soldd carbem
dioxide ("Cexdice"), The sampling rate wmst not be more than 2 litres per
minute; even at this rate the sampling time must not exceed 45 x:ﬁnu'bes, and 1%
v is essential to comeot a seocond bubbler in series with the first, in order to
estimate the "slip", 4% 400 co per minute, however, the slip is negligible
for shart sampling periods, ‘

RE/GENTS

(1) 0.8 g of cuprous chloride A.R, is dissolved in 20 ml water and 9 nl of
cono, amonia solution AR, (0,880), 7 g hydroxylamine hydrochloride diasolved
in 30 ml, of warm water arve then added, After decolarisation, 20 nl of & 1%
solutlon of gum ghattd is added and the mixture diluted to 100 ml in a graduated
flagk, - ' '

(11) The gum ghatti solutdlen is preparcd by suspending 1 g of the gum in
a muslin bag in 100 nl of water for 24 hours,

If it 1s desired to keep the mixed reagent for nare than a few hours, &
few glrands of clean copper wire should be introduced, 2 or 3 ml of light
*  petroleum floated on the surface and care taken to avoid undue shaking,

ANALYTICAT, MBTHOD

Bach bubbler is stared in the "Cardice! until ready for analysis and as
soon as the analysis is storted it is carried through as rapidly as possible, - H
A1l flagks, cylinders, pipettes and the water and acetone used for dilution are :
cooled in an loe bath untll ready for use, ‘

H
+ H E

If the sampling rate wag 4100 oo per mimute, so that there has nob been any
loss of acetone, the sample is poured into a oylinder, and 10 ml (i,e, half the
sample) pipetted out into 10 ml of ice—cold acetone in ancther cylinder, The
mdxture 1s diluted to 40 ml with cold water, 2 ml reagent added and mixed with !
a plunger stirring rod and the mixture allowed to stand far 5 mins, iu a water bath |
- p® 20=25%C for the colowr to develop, The colowr is measured in the Spekker i

using 4 om ar smaller cells as apmropriate with the OB{ dark blue sareens and

dlstilled water in the reference cell, If the colour is too dark to meamme
. on the 0,25 am cell a repeat on a smaller aliquot mist be carried out at moeg
with mractice 1t is possible to tell if this will be necessary as somn as the
reagent hag been added so that e repeat can be started befare any acetylene hag
been lost from the sample,

—28-‘
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For samples token at 4 or 2 litres per minute, the contents of the first
bubbler are poured into a measuring cylinder, and the contents of the secand
bubbler used to wash out the first; this is washed with a little acetone
and the washings added to the sample until the volune is 40 ml, The solution
is mixed with a plunger stirrer, and an aliquot of not mare than 20 ml taken
and diluted to 20 ml if necessery with acetone, then to 40 ml with water and
the ‘esfimatian carried out as above, o

Blanks should be carried out on 20 ml acetone,
GILERAIIOI\T

4L 10 nl gas sampling tube whose volune is .acourately known is filled with
acetylene from a cylinder and the temperature and barometric mressure noted,
This is then connected to a bead bubbler cataining 40 ml acetone cooled in
"Cardioe" and the tap next to the bubbler opened, The bubbler is then
cannected to the suotlon and the other tap opened and a very slow stream of
air (not more than 400 cc per min,) drawn through until all the acetylene has
been absarbed in the acetone,

Several small aliquots are fhen taken from this solution and the acetylene
estimated as above, the weight of acetylene in the aliquots being calculated from
the volume of the sample tube corrected far tenperature and mresgsure and far
the aldiquot taken,

Typical results are as follow:—

Lcetylene mg 0,0 0,38 0,76 4.1k 1452
Spekker Reading ' 0,08 ° 0,63 1425 1408 2,48

(’.L‘he higher Spekker readings are measured on the smaller size cells and multiplied
by the appropriate factar)

s
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2, JMMONTIA (495L)

USE

—

Ammonis hes been estimated in gun fumes in temks and canfined spaces, pill
boxes eto, .

FRINCIFLE OF THE METHOD

The development of the well kmown yellow colour with Nessler's reagent end
1ts measurement on the Spekker,

COLLECTION OF THE SAMEIE

Amania is oollected in miniature bubblers eharged with 5 ml 0,04N, Hydro-
ohlorio acid, operated at 1 Llitre per min,, or in evacuated Winohester bottles,
Slip oen be neglected for samples up to 30 mins, at L Iitr min,’ .

REAGENTS

(1) 35 g potassium fodide A.R, and 13 g mercurioc chloride are added to
800 nl water, heated to boiling and stirred till dissolved, A cold saturated
solution of mercuric chlaride is then added dropwise until the red periodide
of mercury Just begins to be permanent, 460 g of solid potassium hydroxide
AR, are added and the solution diluted to 4 litre. A little of the saturated
mercuric chlaride sclutian is then added and the precipitate allowed to settle,

The reagent should be mrepared in advance as it improves on keeping, It
should be kept in the dark, ‘

(i1) 1% gum ghattd solutim,
ANALYTICAT, MBTHOD

& chlibration curve should be prepared at the same time as the samples are
examined, using a standard solution of ammenium chlaride,

If collected in miniature bubblers, the sample is diluted to the 25 ml -
mark with mixed reagent wansisting of 20 parts water, 1 part Nessler reagent,
and 1 pert gum ghatti solution, stirred and allowed Yo stand 5 mins., the colour
measured on the Spelker, using the Spectrum Violet 601 sareens and either the )
3 an or the { om cells, If the sampls is sxpected to be very high (over 200 pg),
an aliquot should be taken before adding the reagent,

If the sample is colleoted in Winchesters, 25 nl distilled water are added,
the mixture shaken-round well and poured into a 50 ml cylinder. The bottle is
washed out with mare water and the washings added to the oylinder, the volume
being finally made up to the 50 ml mark, 2 ml Nessler reagent and 2 ml gun
ghattl solution’ are added, the mixture stirred and the colour measured a the
Speidkers  This, of course, will require a different calitration ocurve,
CALIERATTION _

By the bubbler méthod, typical remlts are:-

ne NH} 0,0 19.’ I 20 30 40 50,

Spekker reading 0,05 0.40 0,31 07 0462 0,77

- 30 -
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3, INILINE (2954)

USE

Aniline has been used ap a substitute, particularly for amulus and other
Waporatim trials,

FPRINCIFPIR OF THE METHOD

lmlJJJIG reacts with p-dimethylamincbenzaldehyde to give a yellow colour-

(’,_

COLLEOTTION OF THE SiMELE

The vapour is collected in miniature bubblot's charged with 2 nl of 50%
acetic acid,  "Slip" at { l/min is about 3} for sanpling- periods of 30 mins,
and at a temperature of 6505‘

-" REAGENTS

(1) B0% fcetic ficid LgR. ‘
(ii) 0,1% solution of p-dimethylamincbenzaldehyde in 504 acetic acid.
INALYTICAL EMHOD

The bubbler cmtents are made up to the 25 ril mark with the p-dimethyl~
amincbenzaldehyde reagent, stirred with a glass plunger stmar, allowed to

_stand for 10 minutes, and the colour read in the "Spekker" using Spectrum

Violet 601 screens and the appropriate celi (3 am, 1 an, 0.25 et or 0,25 m)
and comparing againgt a blank made in the same Waye ‘

TYPICAL CALIBRATION CURVES

The aniline solution for calibration is prepared by d:n.ssolv:mg 01392 g
aniline hydrochloride in 4 litre of 504 acetic acid and ddIating 10 ml of this
solution to 400 ml with more 50% acetic acid.

imiline pg | 10 ] 20 30 |40 50 |60 920

| Reading: N - / 1

\ 3 an cell ;: 0u24 0.395 0,56 | 0.73 Oa85_ 0.945 Cs
tomeell | | 0,21 | {0385 0.705

- aniline pg 420 180 2,0 360 |4B0 720

" Reading: | -

4 an cell | 0,705 0.96 : ,

1 9-25 o call o. 205 0038, 0,5l1- 0.685 0«94
Iniline pg | 1200 2400 {3600 | 4800 -l,6000 | 7200
Reading 0,20 oml o525 06551 o79] 0.90
0425 mm cell, : : .

If prefered, inatead of using the 0,25 m oell, a 1 ml aliquot con be removed
from the 'bu'bbler, diluted to 25 ml with nare p—dlmethylarﬂnobenzaldehyﬁe
reagent and either the 4 om ar the 0,25 am cell used.

—31-'
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Le_ ARSENIO (pre 1946)

The actim of nascent hydrogen on an arsenite solition liberates arsine,
which 15 oxidised to arsenio doid by iodine, “The arsenic acid is then
estimated by teans of- the intense bl ocolour mroduced by reditotion of en
arseno-nolybdate ‘solution with staxmous chloride, I
COLLECTION OF THE S.JFIE

(1) - Vapours & iethyl dichlaro and difluorcarsine, Ethyl dichloroarsine,
: collected in bead bubblers containing 45 ‘ml 5% NadH, '
(11) Mixed vapowr and vertioulate - Lewisite, phenyl dichlorarsine
oollected cn (Whatmen No.4) filters backed by a bead bubbler
15 ml 5% NaoH, ' '
© (11i) Particulate. L., DA acid, Di oxide, DL sulphide, Ic, mi, -
colleoted on filters (Wha'tmen No.q) o .
(4v) Solid (gross) ~'IC, collested on émvelopes, and dug out from
araters, ) . : e
(v) Iiqid - BB, H, 1S, HN, containing Di, DG or T4, collected
on sampling envelopes, and dug out from craters,
RELGENTS o
1) Cone, HNOx and conce HZSOA_
i) 50% aqueois KT,
111)40% stannous chlaride in cono, HOY, .
diy) irsenio-free zino pellets, : o '
v). N/50 ifodine solutiom,
v1) N/2s0dtun bicarbaiate s clutiom,
vii) 3% sodium metablsulphite solution, .
(vIil)Sulphurio-molybdate solution. lade by rdxing equal
‘volumes of 13 N,H,S0, (accurately standardised) and 9.4
sodiun Rolybdate %Nagfiooh_. A150) . C '
(4x) Dilute.stammous chloride solirticn (0s2%), Prepared by
, dlluting with water the 403 soluticn (1/200) as required;
this solution mist be freshly prepered, at least mce -
every day, .

411 reagents should be free from arsenic ar phosphorus,  Only freshly
Prepared gclutionsg of sodiun bicarbonate and sodium metabisulphite should be
used, B

ANILYTION, METHOD

The method may be divided iuto faur stagest- L

1) Destruction of arganis matter and oxidation to arsenic acid,
i1) Reduction to arsenious acid, o L .
111)BErolution and dbsorption of arsine,

iv) Colour develoment, -

- 32 -
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B
H
(1) Destructim of organic matter and oxidation to arsenic acid. ’ r
The sample is trensferred 4o a 200 ml Kjeldahl flask, sufficlent conc,

HNO3 added to cover the sample, and sufficient oone, HoS0), to leave -

1 = 2 nl after nitration is completed (a 5,5cm Whatman No.i filter.
needs about 2 ml but en envelope 4 - 5 ml?. The flask 1s clamped
o the heater, the shaker (fig,22) set going if there is -any
.. tendency %o bump.ar froth, and heating continued until white fumes
of‘So3- are evolved,  If the liquid is black owing to charring, = . ;
nare HI\IO3 15 a2dded by means of a dropping bottle and the liquid.
evaparated” %o S0+ fumos, The . process is repeated if necessary
$111 no ocarbonacetus matter remains, . o .

(Far earth samples, .the substance is géntly heated (and shaken if
necessary) without the addition of HySQ) until all frothing ceases,

céré being taken not io allow the contents of the flask to become
Sy, -Sufficient HZSOI'_ is then added to keep the contents Iiquid,

the sample .charred and H_NO; added as above. Complete destructian
of argenic matter has-occurred when 805 is evolved and no further

charring ocours).

The mixture is allowed to cool somewhat, 10 ml water are added
and the liquid again evaporated (shaking if required) to 805 fumes - ;
(this removes excess HN03), and finally allowed to cool, ,

(ii) Reduction to arsenious acid, The solution in the Kjeldehl
flade is diluted to sbout 90 ml with water, {1 ml 50/ KI and 4 nl
4O% starmous chloride are added and the mixture is Just brought to
the boil,.thén coolsd to room temperatre, ‘ ‘

(iii) Evolutimn and sbsarbtion of arsine, The arsenite solution is

13 made up to a knowmi voline, and mn aliquot portion cmtaining rot mare

than 0,1 mg./reed> transfemed to a Gubzelt pot (Fig.23), (Note: the pot .
5 need not be of standard dimensions since rate of arsine. evoliition

is not impertant), 2 ml éone, ‘Hy80y, 10 ml conc. HCL and'{ ol 4O% .

stannaus chlortds are-introduced into the pot, water added to aboub ..
the 50 ml mark, and the mixture allowed to cool, -

The pot is now fitted up as follows:- The top is closed with a
rubber bung into which passes a tube about 1.5 cm wide and 12 am
E leng and with a constriction near the middle, The upper nart is - ]
i racked loogsely with glass wool soaked in lead acetate so as to 1
absorb any hydrogen sulphide, The top of the tube is fitted ’
[ with a rubber tung from which emerges a capillary tube (4 m external .
and 0,5 mn internal) bemt with a double right angle mo that it passes

into a narrow sbsorption tube standing upright by the aide of the

pot; the narrow tube is widemed at the top in crder to yrevent losa

by splashing, and is preferably graduated at 410 ml, The capillary

should be in contact with the bottom of the fube, - :

5 nl N/50 iodine and 2 ml W2 sodium 'bicgarbona‘be are placed in

. the side tube, 5 g zinc shot are put into the pot, and the stoppers
' messed home to prevent gas leak, Under these conditions evolution
" of arsine is complete in 30 mimutes,
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(iv) Oolowr Develop:

2 ml sulp}nu'io-no]ybdate solution are added to the side tube-and mixed,
and Oy4 ml soliun metabisulvhite solutim then added and mixed; 1 ml
0.2% stannous ohlaride is added and again rixed, The blue colour
(whioh develops after'5 rﬂ.rmtes) is moasured on a Spekker abgdarpticmeter
uging’ the red filters,

A ‘bla.nk determination is performed with each batch of est:i.ma.ticms,
using all the réagents snd going throughthe whole prooass, and the
blaik ﬁgure 48 subtracted from the result,

CALIBRATTON

4 calibration curve relating Spekker read::.ngs to concentrations of
arsenic is prepared by taking standard arsenite solutions and submitting them to
the arsine evolution technique desoribed above, i blank 4s carried out on all
salutions at the same timé, the reading cbtained mibtraoted fron those given
by the standard solutimms, and the resulting f:.gures plotted againat carrespondang
argenic oconcentratims,

. &‘ypé.ca.’l. .c‘a'.iibratim:- ‘
' mg lrsenic’ 0.0 '0,02 0,04 0.06 0,08

_Si)ékker Reading 0.10 O.34 0.59 0.8k 1,09
~ Difference a2k 049 0,74 0,99

. It is necessary to check the oa]ibratici; aurve far each new sulphurio-
nolybdate solution, and if any disarepancy is noted a new curve rmst be mrepared,

" Notes:

(1) Transferrigg the sample to the K;Leld.shl flask

(a) Sanplmg erelo'oes. The edge of the paper is cut round with a. sharp
knife, the paper sarewed up: and plaoed in the flagk.

(b) Barth samples. 4 weighed portian of not mare then 5 grams is a.nalysed.

(2) Seperation of Organic from Inorgenic Arsanic

(a) DL, and DO, The filter paper is placed in a becker and washed 3 times
with about 40 ml of warm carbon tetrachloride mreviously freed from all
traces of phosgene by refluxing over solid Na(H and distilling, = The
washings, which contain the arganic arsemic, are filtered through Whatman
No,d £ilfer paper into a Kjeldshl flagk, The residue in the filter,
plus the ariginal paper, contain the inarganic arsenic.

Concentrated HNO3 tends to oxidise a partion of the carbmn tetrachlaride
to chlaropicrin and phosgene, These react with the arsenical, farming
the volatile arsenic trichloride, and resmlting in loss of arsenic.

It is therefare necessary to m'ooeed as followsi~—

To the carbon tetrachlaride extca.ct 10 ml water and 3 ml chraalc acid
solution are-added, The latter is made by digsolving 35 g Gr(93 in

100 =l Water and adding 1100 ml conc, H80) v The flask and conterits are’

shoken well, The carbon tetrachlaride is evaparated off m a Water bath,
and t;w "K:Jeldah‘l." process proceeded with, (No more sulp}m'r'ic acid need be
added) .

(b) IM., Separation as above, except that acetone mist be used, The aoetcne
mst be removed 'by evaporation before nitration, but in view of the lower
volatility of I as campared with DO, this may {ae done withoaut preliminary
addation by chramoe acddy, The ﬁ.lterr containing the inarganic ﬁ'acticn
1s freed from acetane by exposure to a gentle strea.m of air,
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(3) Care of Samples

Iven fine particles of a.raenioal' may be dislodged fyora the pa:oer by
raugh bandling; the filter should thérefore be kept £lat in the fnesta"
provided for the purpose.

If the sample has %o be kept for some time before analysis, it should

be placed in a dish under concentrated nitric acid, acetons o oarbm tetrachlaride |,

as the case may be to revent evaporation of the arsenical, and covered with
a watch~glass,

(4) Sensitisation of Zinc

ALl zivie rigt e sensitised ‘before uge by trea'bing far a few minutes
with dtlute HC{, then washing with distilled water, The sensi'bised zine
should be kept u.nder distilled water until required for use,

(5) Lewisite .

In the case of Lewislte samples, collected on f:.Lters backed by bead
bubblers containing 415 ml 5% Na®H, it is not necessary to carry ot stage 1
of the analytical method quite so fully,

The bubbler sampls (fa~ vapowr), the filter plus 45 ml 57, NalH (foz-
liquid), or the filter and bubbler sample together (fox total) are transferred
to a Kjeldahl flagk containing 2,5 ml oonc, SOZ'_‘ To this is added 2 o

3 nl of conc, HNO, and the usial wet oxidation carried. mat,. Jufter complete
removal of all nigrio acid, 80 ml of water arc added, then 1 ml 50% KI and

1 ml 40 SnCl,, The solutfcn is brought to the boil, cooled immediately,
and made up t6 400 ml, i suitable aliquot: omtaining not nore than 0,1

mg arsenic 1ls taken for analysis as described above fox the evolutiom and
absorption of arsine, If necessary more sulphuric acid must be added in

the evolution stage. Of the 2,5 ml of B280), -added ariginglly 0,5 ml will have

been regquired to neutralise the -4 5 nl 5% NaCH leaving -2 ml-in the 400 ml fram
which the aliquot has been taken, and the aliqmt :l.tself should cantain at
leaat 2 nl cono, HZSOL,.' )

A more repid method has also been umed for Lewisite as followss
Principle of the llethod ' '

The lewisd te is converted to sodiun argenite which is then titrated
against stenderd iodine,

Co}lection- of the rSa:mle

The samples ate collected on No¢{ Whatman filter piper backed by a bubbler
containing 5% sodium hydrcud.de solution,

Reagents

(1) Standard sulphuric acid. This must bo such that 5 ml 4 Ouf ml
Just acidifies the smount of soluiian used irs the bubblars,

(41) 0,00 Todine
(ii1) % starch (ﬁ'eshly pu:‘epared)
(iv) Sodiun bicarbona‘be (so]id)

Analytiocal Hethod

Inalysis should be cand.ed. ou'b as somn as possidble after sampling, 5 ml
of sulphuric acld are added to the bubbler and the ombtents poured into a mmall
conical flask, to which the filter paper is addeds 4 ml of gtarch solutian
15 added and about 1 g of sodium bloarbonate dissolved in the solutim, which
18 then. titrated with lodine from a miaro-nurette,
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A blank is run simltaneously and is titrated to the. pamo depth of .
colour, With large samples the colour match is not good but the error
introduoced is not serious,

The acouracy of the method is + 104 on dosages (CH:) of 20 mg.x'xin/n

of lewisite vaparr (and upwards),

v - 36 -
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5. ARSINE (gre 1946)

FRINCIFLE OF THE LETHOD

Two methods are employed, In one, arsine mecipitates silver fram silver
nitrate;, and the precipitate is dissolved in nitrio aocid and astimated by the
Yolhard method, In the other method arsgine is oxidised by iodine, and excess
of the latter is titrated with sodium thiosulphate,

COLLEOTION OF SAMELE

' krsine is cdllected in ‘bead bubblers containing 3} silver nitrate, ar.in
evacuated bottles, ' .

REAGINTS
(1) Oone, HNOy .
(i) N/50 KCNS

(ii1) Ferric Alum
- (iv) N/50 iodine
(v) N/50 sodium arsenite

ANALYTICAT, METHQD

(1) Bubblers. 4 Goooh arucible is prepared with a thin pad of asbestos and
the contents of the bubbler are poured through it via the side arm of the bubbler,

The bubbler is washed two ar three times with distilled water and the
washings poured through the gooch arucible, 4 little of the final washing is
paured into dilute HOL and if a precipitate of silver chloride is obsurved the
bubbler is again washed, This procedure is repeated until no precipitatim
of silver chlaride occurs, '

The plate and pad of the gooch are next placed in a beaker flask and the
gooch washed with conc, HNO'3 to remove all the silver adhering to the sides,

The HNO3 is run into the aruvible from a dripper, the gooch being held over
the beaier flask so that the acid runs in a to the pad and plate,

The cantents of the flask are mwirled raind o break up the asbestos
ped and dissolve all the silver an it,

Next the bubbler is about me-fourth filled with cone, HNO3 shaken up

and the acid poured into the beaker flask via the side arm, Finally the
bubbler ls washed two or three times with distillsd water to remove the last
traces of dissolved silver,

The resulting solution of AgNO, in the beaker flask is titrated against
N/50 potassium thiooyanate using a Sew drops of ferrioc alum solution as an
internal indicatar, the end point ocourring when o very slight pink coloratimn
persists after shaking,

N.B., The pad of asbestos in the gooch should be as thin as is practicable

gince ‘a large quantity of asbestos in the final salution obscures
the end point, :

The bulk of the final solution should be kept as low as posalble far
the same reasan, .

1 nml N/50 KONS = 0a26 mg ABHB.

‘.-37"
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(44) Bottles The analysis is carried out in the bottle, About 5 g sodiuin
bicerbonate are introduced into the bottle and 25 ml N/50 iodine are run in

fran a pipettes The contenta are swirled around and diluted with wate;, and

after standing a few mixmutes the resultant liquid is titrated against N
sodium argenite solution, using starch solution as indicator, The difference
between 25 ml and the amamt of arsenite used gives the quentity of iodine

abaorbed by the arsine,

The volume of the bottle is noted,
1wl /50 odine = 0.195 rg AdHy ,

- 38 -
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6, PRONOBENZYL OY/NIE (pwe 1946)
PRINCIPLE OF THE METHOD |

Bronobenzyl oyanmde in alkaline a.lcohol:.c solution gives a purple colour
with 4, 6-dichlaro=1, }dini'lz'o'bmzena .

COLIECTION OF THE SAMFLE

The sample is téken at 10 L/min. in bead bubblers charged with 15 ml of
absolute alcochol,

REAGENTS

iy  Absolnte alechol .

11) 2% sodium hydroxide in distilled water

ii1) 4% solution of 4y 6-dichlaro 1,3 -linitrobenzene in dioxan,
This solution is stable far at least 4 weeks,

The 4. 6~dichloro 1,3~dinitrobenzene ls prepared by dissolving 3k g
potassium nitrate in 4170 g cone, sulphuric acid in a glass stoppered flask and
cooling to room termperature, 25 g m-dichlorobenzene are then added in small
quantities with vigarous shaking, the temperature being allowed to rise to
60~80°0, After all the dichlorobenzene has been added, the mixture is allowed
to stand far 4 hour and is then poured into about 1 lltre of water with rapid
stirring, The solid is ccllected on a large Buohner funnel and preased to -
remove liquid impurities, It is rearystallised from 200 ml 'boillng alecchol,
d:.ssolved in 100 ml chlaroform and wrecipitated by the additiom of 300-4.00 ml
60-80°C petroleum ether, Yield about 16 g pale yellow needles, M.ph. 103°C,

insoluble in water, sparingly soluble in petroleum, and about 24 sdluble in
cold alechol, . o

ANAGYTTCAT, METHOD

An aliquot containing not mare than 0,25 mg BBO is placed in a large
test tube and alcchol added to total 20 ml, 1 ml of the 4% L4e6~dichlaro
1, 3~dinitrobenzene salution in dioxan is added followed by 10 ml of the sodium
hydroxide solution and mixed, The colour intensity is measured in the Spekker
between 10 and 20 mins, after adding the alkali using the No.5 green screens
and the 4 om cells, If the solutiomn is allowed to stand, fine arystals farm,
which are not readily dissolved out, hence special care should be taken to
rinse the Spekker cell thrroughly with alcohol after each meries of readings,

Dilute solutions of BBC in alcchol are unstable and all samples shauld
be analysed within 2 dayse

otat

apnm——

This colour is given by benzyl cyanide as well as by phenyl-broncacetonitrile,
0s] rg benzyl oyanide gives the pamw reading as 0,07 mg PRAN, The proportimm of
PBAN in ooimerclal BBC is not constant and the mroduct also omtains same bemzyl
cyanide,

Fo initlal clouds, when the constituents of the vapour will be in the same
opertion es in the charging, the results can be reparted in terms of charging
i,es production BBO), but for persistent samples, the constituent of main
terest, namely PBAN, is less volatile and the results will be more aocurate if
reparted on a PRAN basis,
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IYPICAL, CALTERATION S

ng BBO (707 PBAN) 0.0 0.0f 0,02 0,06 0,40 Ouik,
Spekker reading 0,05 0y45 0.25 0,58 0.92 4,24

mg Pure FBAN 0,04 0.10
Spekker reading 045 1,00

No

———

Since aloohol is used as the sampling solvent, the method given above 1s
suitable cnly for shcrt period sampling,

4 less sensitive method in which a.lnoholio potash is the solvent is described
in ™, 19,
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7. CARBON NONOXITE

use

Carbon mcmooc.lde has been used as a substitute in oases where a .trus gas
unaffected by atmospheric humidity was required, It has also been estimatad
in gun turrets end other closed canpartments,

(a) ?LUBB of the Infra Red Gas Analyser (1955)
IRINCIPLE (F THE METHOD ‘

Oar'bon nonoxide absorbs infra red radiation and the heating effect produoe&.
is measured on the mchine.

COLIBOTION OF THE SAMPLE

No suitable absarbent is available for carbon momoxide, - It 1§ colleoted
in ballomns, evacuated bottles, or by water displacement ﬁ'om bottles ar
aspirators, eto,

For trials to determine the effect of gun fumes in a turret, pill box,.
efo, vhere the main purpose of the trial is to campare two guns or two types
of shell, it wag desired to know the cacentration in the shell case, Rubber
caps have been made to fit over the cdses from 17 pr and 20 pr shell, these caps
being fitted with a tube closed by a sarew clip through which the sample can
be withdrewn for analysis when requibed, The shell case is caught and
capped as 1t is ejJected from the gun, so that capping takes place within 3
seoandg of firing, This sampling technique 15 never used alme, tut to confirm
differences which might be deteoted by analysis of the concentration in the
turret as a whols,

REAGENTS

None,
ANALYTTOAT, METHOD

Tfle Ean@le is passed through a drying tower and an absarption fube to
remove oarbon dioxide and then thraigh the I.R.G.i., at a speed not exceeding
2 litres per mirute, and the reading noted when this has become steady,

With balloms the natural compresiion of the rubber #ill umally faroe
the gample through the I.R,G.As at sbout the correct rate, whilst from bottles
etc,, the sample is foroed into the machine by allowing water 'i;o run into the’

bqt‘tie at this speed.

CALIBRATIQE’

A tube with two taps with a measred volume of about 1 ml between the
taps (including the bore of each tap) is filled with carben moncxide from a
oylinder, allowing sufficient time to sweep all the air from the tube, and’
finally tu'ming off the 'bap riext to the oylinder before twrning off the other
tap to ensure that the pressure is atmospheric, The ends of the tube beyond
the taps are then purged by filling with water from a tube drawn out to a fine
Jet after which the carban mcnoxide is drawn into an evactated bottle of
kncwn volume, This concentration is then passed through the I,R,G.A., in the
same way as the samples, ‘A ooarrectlon is made for the temperature and
a:mospherio pressure when czloulating the weight of carbon mdnexide in the
standaxd,

Typical results:
% 00 (Wh/vol) 0,0 0,02 0.0 0,06
: Read.‘l.ng . 5q 8 13 8 2. 6 30, 5

wld -
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CARBON MONOXITE ( oant!d)

(b) ZIoline pentoxide method (4953)

mmcma OF THR I'IEE'IOD

Carbon nonaxide reduces io&i.ne pentaxide to. iodine whioh is tit‘rated. with
sodiun thiosulphates

Ve

GOLIETIGN aF_THE. SAI/IPEE

See (a) sbove, ’ o S
RBAGENTS

(1)  Ohromdo-sulphuric acid, 35 g chroame acid da.ssolved :Ln
: 100 ml water and {100 il oconc, H SO)P

(i4) 1 - 24 KT,
METHOD

Water is supplied fron a consta.nt head appara‘&us %o & series of 6 tubes,

.éach of which supplies one train the rate of flow of water being. cm‘crolled by

screw clipas, To each tube 1s a.ttaohed a lmg glass tube in a rubber bung
which fits %hé sarple bottle, the cutlet from the bottle being a sharter glass

, ‘bube also fixed in the bung,

The sanple displaced by the water passes through a train of reagents in
the following order (fig, 24)s-

(1) Small Dreschel bottle containing approximately 50 ml chromic acid -
sulphuric acid; this removes S0, and unsaturated hydrocarbans,

(i1) Small bead bubbler containing 20 -~ 30 ml cone, H ?_' heated to

approxinately 10090, This renoves traces of inmfurtty not removed
by the firat bubbler, o

._ (114)8mall tube of caustic soda flakes to remove acid spray.
(1v) P,05 U-tube to ensure complete drying
(v) Xodine pentoxide U-tube heated to 160°C, Mhis tube is filled
with alternate layers of glass wool and 1205, the latter being
graded 30 - 60 mesh,
(v1) Bubbler containing { ~ 24 KI to absarb liberated iodine,

‘ The trooedure 1s as followss-

(1) VWnilst they are heating a stTeam of air is dram through the trains
by spuction from the bubbler end, to remove any impxrities or iodine
left in the apparatus,

(i1) Te bottle is attached to the water supply and train by quickly
removing the bung and replacing with the fitted bung provided,

(iii)By water displacement, the semple is slowly peseed -through the
irain (raghly 1 litre per 30 minutes) until the KT bubbler is
a deep brom (i,e. is easily titrated with N/50 thio.).
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(iv) The sample is discomnectoed and air drawn,through the train for
a further 10 minutes, If the sample is heavy, care should be
taken to ensure that all the liberated iodine passes into the
tubbler, It is sonetines necessary to werm slightly the cutlet
end of the I205 tube,

(v)  The bybbler is discomeoted at tho inlet end to prevent sucking back,
and tho contents washed out into a flask, and titrated with N/50 thio-
sulphate, using starch as indicatar,

(vi) RBure air is dravn through the train for the sane time and at
the pame rate as that used for the sample, the iodine liberated
estimated amd a carrection rmade for this "olank",

(vii) The volume of water in the bottle (= volume of sample taken) is
measured (to nearest 10 ml)

1 oc N/50 thiosulphate -_-_: 1412 ce CO,

Notes:

(1) When a fresh _1205 tube is mrepared, it is essential to check
1% befare use, by passing a knovn 00 cacentration through the

train in the sane way as a sample, to ensure that the full amount,
of lo@ing is released,

(2) The 1,05 mist be prepered with chlaric acid, not HiOe

(¢) Use of the R.A.E. Detector

Where an approximate result is sufficient and partioularly 4in comparisom
trials, the R....E, carbon monaxide indicatar is used,

This indieatar, which was developed at Farmborough, is very readily portable
and has the great advantage of giving am frmediate resui. N

The carbon momaxide is abaarbed by silica gel, which has been impregnated
with potassium pallado sulphite, and which changes colour from canary yellow to
sepia, The length of the stain is proportiomsl to the smount of carbon
monaxide,

»-[*.3.-!
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8, CHLORIDE
USE
& non-specific method for the analysis of phosgene, chlorosulphanic acid
etc, . . . )

N

SRINOLFLE OF THE HETHOD

" The chlaride is titrated with silver nitrate, the end point being indicated
by means of a galvancmeter and a reference electrode canstructed to give the same
EMF as the titration solution at the end point (Finkhoff Electrode).

ATBARITUS A0 EIEOTRODIS Co

The apparatus consists of two cells containing the two electrodes, ‘joined
by an ungreased tap, The larger of the two cells is the titration ocell; this
1is fitted with a mechanically driven propellar type stirrer, and has a side arm
for f£illing and a drain tap, The burette is drawn out so that the Jet is kept
below, the level of the titration fluid (Fig. 25). ‘

The electrodes consist of thick silver wire of 0,5 ~ 1.5 mm diameter and 1.2 -
2,0 om length, They are mounted in the ends of glass tubes by means of Faraday
or Picein wax, the latter being preferabls, Copper wires soldered to the upper
ends of the eiectrodes are led out to the galvanometer. The wax seal must be
water~tight as any leakage will give rise to a spuriocus EBF, The electrodes
are mrepared by polishing or scraping with e clean sharp knife; ance cleanaed
they should be kept immersed in their respective cell fluids and never allowed
to become dry, Loss of sensitivity is cured by recleaning the titration cell
electrode; wiping with filter paper is usually sufficient.

The cell should always be tested béfore use by titrating a standard
chlaride solutimm, With new electrodes several titrations may have to be
done befare the electrodes 'settle dam',

In arder to mrotect the electrodes from heavy polarising currents, whemn
the titration is far from the end. point, it is desirable Yo mount a high )
(ca 300,000 chm) resistance in series with the electrodes and the galvancmeter

and to use a sharting switch to allow full sensitivity for the final stage of
the titration,

The Jambridge Spot Galvanometer identical with that used with the "Spekker™
is very suitable for use with this apparatus,

REAGENTS

(1) Referemce Cell Solutian 10 g A.R, potassium nitrate and 14 g sodium
oxalate are dissolved in distilled water 40 ml of Normel silver nitrate solution
are added and made up to 41 litre with distilled water, This solutim should be
kept in a dark bottle and should be well shaken befare pouring into the reference
cell po that scme of the precipitate is included,

(i1) Silver nitrate The silver nitrate solutians may be of any strength
frrom 0,4N to 0,001N, . .

(1ii) The sample should be in solutim in eithér d@ilute acetic acid ar in

0,25 patassiun hitrate solution made by dissolving 25 g KNOy in distilled
water up to 4 litre, ‘

The titratio cell electrode should alwoys be kept irmersed. in potassium-
nitrate solution when not in use

METH(D (ER266L)

The solution containing the ohloride is poured into the titration ocell,
aocidified with dllute acetic acid if necessary and the volume made up to cover
the electrode, It is deslrable always to use apmoximately the same volume
of liquid in the cell,
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The stirrer is started, the sories reaiatanoe switohed inteo cirauit, and
standard silver nitrate solution added until the galvanometor spot is approaching
zero, The sharting switoh is then used to out out the resiastance: ‘and the
titration continued until opening and closing the sharting switch has no effect

'on the galvenometer spot, This point may not exactly coincide with the

galvanomter zéro awing to the existance of occa.sional snall sparious MIF"
in the circuit.

The "blank® is best determined by titrating various volumes of standard

chlaride added to the solutian used and extrapolating the graph bask to zero
ohlcz‘ide,

E2N
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9+ CHLORINE
Ohlorine has been used to test respiratars for leakage, etc,

(2) By sbsorpbion in srsenite solution and potentionetric titration (195‘5) ‘

FRINCIPLE OF THE METHOD

The chlarine is absorbed in sodiwa ersenite solution sb that it will all.
be converted to chlaride without any hypochlorite formation, and the resulting
solut,icn)1 is then titrated potentiometrically as desoribed far chloride (see
8 above), oo

COLLECT ION OF THE SAMPLE

The sample is collected in bubblers charged with 0,02 N sodiun arsenite
solutian,

This method was used where it was desired to take the samples at a maxirunm
respiratory flow, 1,6, an intermittent #low of 50 Llitres/min,, and hence it was
necessary to use the large sintered glass bubblers, For high concentratios
two bubblers were used in serdes and the first bubbler was charged with up to
4180 ml of the solution agcarding to the concentratim expected, the secand
bubbler being charged wlth 60 nl. .

Far 4 litre/min, sampling and lower concentrationsg miniature bubblers
charged with L4 ml of the arsenite solution are useds )

REAGENTS

0,99 g arsenic tricxide dissolved by warming in a little concentrated
sodiun hydroxide solutian 1s washed into a graduated litre flask, Ovpe drop of
phenolphthalein is added and the solution titrated with.dilute sulphuric acid
t111 Just acid, 4 g of sodium bicarbonate di ssolved in 500 ml of water are
now added (and if necessary to maintain its acidity to rhenolphthalein,
another drop ar two of lhe sulphuric acid) and then diluted to 4 litre,

ANATYTICAL, METHOD

The bubbler cantents with the addition of a little dilute acetic acid are
titrated potentiometrically with silver nitrate as described above, Far large

volumes of solution it may be necessary to carry out the titratim in instalmentse

L,
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SECRET

CHLORINE (cont'd)

(b)) offolidine riothod (1951)

PRINCIPIE OF THE E;EFHOD
"Lrollable" ohlarine gives a yellow colour with e~tolidine,
OOIJECTION OF THE S/MPLHE

The sarple is colleoted in bead bubblers charged with 415 rl of 0,002 N

sodiun hydroxide solution at a sampling rate not exceeding 2 litres/min. and
with a "slip" bubbler in seriss,

REAGENTS
(i) 0,002 N,NaCH
(ii) o-Tolidine (B.D.H. reagent)

(4i1) Stendard chlarine solution., Chlarine iz bubbled through
water far a shart time and the resulting solution standardized
by taking axi aliquot and titrating the iodine literated fron
potagsiun i1odide, inother aliquot is then suitably diluted to
about 2 pg 012 per nl with 0,002 N sodiwun hydraxide end used’

for the calibration curve,

ANALYTICAT, METHOD

Within not more than 1 hour of sampling the bubbler is emptied into a
neasuring cylinder, the contents of the second bubbler used o wash out the
first and the sample and washings made up to 40 ml, 0,5 ml of o~tdlidine
reagent s nov added, mired and allowed to stand for 3 minutes, and the colour
then measured on the Spekker using 4 on cells and the No.7 dark blue screens.

TYPICAL CALIERATICN CURVE

Hg Chlarine 0,0 42 8,4 12,6 16,8 21,0
Spekker reading O 0,11 0.235 0,375 0475 0457

Note

A method uging o-dimnisldind far the determination of chlorine has been
developed by McEwen and Grant, Canadisn Joumal of Technolegy 30, 66, 1952,

- LT -

b s e T — =

¢

R i il




CARUVIE

s e s AN R A i et

it

s e e TR SRR e "8 355 e o

e —— ——— —

SECRRET

CHLORINE (cont!d)

(©) Rapid method using the "chlarimeter! (41951)

IRINCIPIE COF THE }METHOD

The alr sample is aspirated by means of a purp of known capacity through
a golution of sodium arsentte, potassiunm iodide and starch, When all the
argenite has been converted to arsenate, the chlarine liberates iodine from the
lodide and the starch iodide blue colour is produceds . fleeting blue colour
may be due to a local excess concentratim of chlarine, so that no note is
taken of any colour which does not persist for at least 15 seconds,

This method gives the appraximete concentration very rapidly, and has been
used in charmber trials, before the trial proper, the concentration being
measured accurately later,

COLIECTIN OF THE SAMPIR

(see below under "Hethod" and Fig,26)
REAGENTS

(i) Stock 0,1 N arsenite. 4s in (2) above, but using 5 times the
weight of arsenite and bicarbonate.

(ii) 1% starch golution.

(iii) Chlorimeter solutian, 25 ml of 0,1 N arsemite solution, about
25 rl of starch solution, about 2 g of potassium iodide and
11 g of sodiunm bicarbonate are dissolved and nade up to 4 litre.
This solution should be freshly prepared each weeks ‘

ANAUYTICAL METHOD

The pump should be overhauled if necessary to sample the correct volume
of air, The reaction vessel should be well rinsed with the chlarimeter
solution, but care should be taken that the inlet tube is kept dry, 10 ml
of the cﬁlarimeter golution are now added to the reaction vessel by means of the
autonatic pipette and the sample of air drawm through by means of the pump,
nipping the rubber tubing o each reburm strroke of the purm to ensure that no
solution is blown back into the inlet fube, The chlorine cacentration is
caloulated fron the nusber of strokes requived before -the hlue coloup
persists, o,g. for a1 in 10,000 §ancentration in the 400 pd chawber, with a
pump aspirat 90 nl of adr at escn stroke:—

10 litres of chlarine are required
At 20°C M g of ohlar:;.ne occupy 24 litrosz,
29,6 g are required,
o 0,000296 g 012 per litre of chasber air

40 ml of testing sdlution catains 0,25 ml 0,4 N arsenite equivalent to 0,0009
g of chlarine . ‘

Nanber of parp strokes required = %:%:—8%%—:—;9-8%
Hence 1 in 10,000 w34 pump strokes
aqin 4,000 = 3% pup strokes
Where the number of pump strokes required would be either exessivo

(very low concentratiair) or insufficlent for the acouracy required the strength
of the chlorimeter solution can be varied appropriately,

-I*Bn
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SECRT

10, (ILORACETORHENNE (CN) (4952)

E
Chlaroacetophenane is used in oases when a substitute is required, which

'will be readily detected by human observel‘S.

FRINCIFLE OF THE METHOD

Use has been mads of the general test for methylene ketones knom as
the Zimmerman Test, -~ It consists briefly of the reactim between the (}1300—
group and m-tdinitrobenzene, wh:Loh on addition of KOH produces an intense’reéd
colaration, .

COLIZCTIQN OF SAMPLES

Samples are collected in bubblers contadn:l.ng 20 glyoerine in absgolute
alcohom?vol/vol.), Since the sanpling sdlvent is lnrgely aloohol the method
is suitable énly for shart period samples,

REAGENTS

(i) mDinitro-benzene, The specificity of the reactimn is dependent
to a large extent upam the purity of the m-dinitro benzene reagent,
which mist therefare be dealt with as followg:~

20 g pure m-dinitro benzene (m.p. 89 ~89,5°C) 1s dissolved in 750 ml
9%5 alcohol, and warmed to 40°C 400 ml 2¥ Na(H is then added and
the rrﬂ.xture cooled after standing far 5 minutes,

(Note: Overheating ar prolonged alkeli treatment mist be avoided),

It is then poured into 2,500 ml water and the mrecipitate filtered
and washed with water on a Buchner filter, After sucking quite
free from water, the substance is rearystallised twice, first
from 120 ml absolute alochol, and then from 80 ml,

The re szltan*b dried material should be colourless and of mgp.
90,5% ~ 91%, It should also be tested for purity as follows:~

Equal volumes of 0% alcoholio solution of m-dinitrobenzeme
and N.NalH are rixed, There should be no colouratim at the
end of 4 hour at room temperature,

Treatment in this manner renders the product free from p-nitro
subgtances and also from thiophene derivatives which give
colourations in alkeline solutions with substances. other than
carbaxymethylemne groups,

(i1) ibsolute Alcchol, Samples of alochol camtaining traces of
acetone and aldehydes give blank colours mffisiently high
to impair the semsitivity of the method, It has been found

necessary to purify the alcohol by iistlllatim firat over
potash and then over m—phenylene diamine.

(iii) 6 aqueous XKOH, -,
MECHOD

The bubbler contents are made up to a emvenient volume with aloohol
containing glycerol, a suifuble aliquoh of not more then 5 ml is taken (if
necessary made up 5 5 ml with the alcochol/glyocerol) &nd placed in a water
bath at 30°0, 0,2 -ml of 2} m-dinitrcbanzene in sbsolute alochol is added,

5 ml of 6N aquecus KOH, also at 30°0 is then added and the mixed sclutian
maintained at this 'bemperature for 5 mimutes,

~ k9 -
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. The colouwr is moasured in the Spekker using tho No,5 groon filtars and
the concentratia of chlcroa.cctophmone dotermined by reforance to the cahbraticn
ourve,
Typical Oalibration ,
g OV . 0,0 0,02 0,0; 0,06 0,08 0,10 . l
Spekker roading 0,02 0,10 0,18 0,25 0,32 0,40 ;
]
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SECRET

14, CHLOROPICRIN (PS) (pwe 1946)

FRINCIPLE OF THE METHOD

Chlaropicrin gives a wviolet oolour Wwith fnaphthol and crotonaldehyde in |
the presence of caugtic soda,

COLLECTION OF SAMPLE

Samples are colleoted in bead bubblers charged with 15 ml sbsolute alcohol,
In arder to reduce the losses due to "slip" at 10 1/min,, two bubblers should
be comected in series, :
REHGENTS

(1) 3 g p-naphthol and 2,5 g orotomaldehyde dissolved and made up to
4100 ml with alcochol, ‘ ‘

(ii) 5% aqueous sodium hydroxide

(iii)ibsolute alcchol,
MRTHOD

The bubblar contents are transferred to a 50 ml graduated flasgk, the
bubbler washed out twice with 10 ml water and then ance with 40 ml alcchol,
and the sample made to volume with alcohol (i.e, finish with 60% alcohol),

25" ml of this solution cr other aliquot are made up to 25 ml with 607

alcchol, 4 ml of the B-naphthol-crotonaldehyde reagent and 2 ml of 57 NaCH are
added and mixed, 4 blank is prepared with 25 ml of 607 alcohol (15 ml alcchol

*and 10 ml woter) and the same quantities of the reagents, The mixture is

allowed to gtand for 40 mimutes and the colaur produced by the sample campared
directly with that of the blank in the Spekker uaing the No,5 green filters
and the appropriate cell,

Not more "than 410 samples can be matched against oné blank as the colour
begins to fade after 20 minmutes,

Notes { The estimation should be carried cubt as soon after sampling as
possible to avoid decamposition,

2 Colowr developmemt is not remroducible for amounts sbove {1 mg
chlaropicrin (a Spekker reading of about 0,50 with the 1 cm cell) so that
above this the estimation should be repeated on a smaller aliquot,

CALTERATTON

0.5 g chlaropiarin is weighed out in a sealed bulb tube, which is broken
in about 100 ml alochol, and the mixture washed into a 250 ml blackemed graduated
flask and made up to the mark,

To 5 ml of the solution are added 3,3 ml water and the volume made up to
500 ml with 607 alcohol also in a blackened flask, Suitable aliquots are
troated as sbove,

e et Y
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Typieal curves
3 em cells;

ng Chlaropicpin O 0,1 0,2 0,3
Spekker reading . 0 0,24 0,48 O,
4 o cells,

mg Chlaropicrin 0.3 - 0,5 0,7 0.9 140
Spekker reading 0,i8 0,29 0,38 046 0,5

Note

Possible alternative methods far estimating chlaropicrin ére:-

1, The resarcinol ?o'bassz.mn cyanide, pym.d:l.m nethod used 1n the G.W.GeT,
Mk,3 - Pn/4012 (¥ 6439)

2. Oxidation and m'odnct:.on of colour with sulphanilic acid and ethylene
diamine ~ Feinsilver and Oberst, fnal, Chem, 1953, 25, 5.

= B2 =
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. SECRET
A

12, CHLQROSULFHONIC ACID

USE

Ohlarosulphomo a.oid. is used for mmoke production, Estimates have been
required of the amount of chlarosulphanic acid (a) falling out of the cloud as
gross liquid droplets neer the source and (b) in the cloud downwind of the
Smceo '

FRINGIPIE OF THE METHOD

The sample is titrated for chlaride and for total acidity, and the amount
of chlarosulphonic acid caloulated, or the sample ma.y be- a.nalysed far ohlcrlda
and for sulphate.

(a) Far the gross. l‘l.q.lid cm‘barﬂmtion near the s;g.’axer (m'e 19&-6)

COI.LMTICN OF SAMPLE

Samples are collected in 32 oz, wide-neck bottles, which can be fitted
with ground glass stoppers and which contain a one inch layer of purified
dry sand, The sand is purified by first washing with acid to remove soluble
salts, then tharough washing with water till all traces of acid have been
renoved and finally tharough drying,

&8 som as possible after the smrsy, the bottles are stoppered,

METHOD

100 ml of water sre added quickly and the stopper immediately replaced,
The mixture is allowed to stand for about one hour 111 all fumes have
disappeared) with occasmnal shaking,

If the amount in the sample is small, so that the volume of acid as
compared with 100 ml ocan be neglected, an aliquot oan be taken directly from
the bottle, For heavy samples, the contents are filtered washed and made
up to a standard volune e,, 250 ml, and a euitable aliquot taken,

" Titration is carried out with 04 N sodium hydrcac:.de usu.ng 2.5 dimitrophenol

as indicator (phenolphthalein can be used if the alkali is carbonate free) ;
this gives total dcidity, N nitric acid is then added till the acidity is
0.01 N and. the chlaride is titrated with O,{ N mercuric nitrate using diphenyl
carbagane as indicatar,

The HC}J.SO3 mresent is calonlated from the chlaride titration.

The free SO-.,j mresent is caloulated firom the differencé between the total

acld titre and the ocaloulated HCﬂ.SOB.

i.es Titre for 50,z tobtal acid titre = 3 x CL' titre

3!

(b) For estimation of the smoke

COLLECTION (F SAMPLE

The smoke is absorbed on a filter (a doubls cone filter oontaining filter °

paper) backed by a bubbler charged with distilled watexr,

-55—
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The filter peper is placed in a conical beaker %o which the bubbler
contents and washings are added, and a few minutes are allowed for the deid

to extraoct,

Ei ther two separate aliq.zotsz a.’ra‘ talc‘en ,and one is titrated for total
acidity to B.DH, 445 indloator and the other for chlaride, or the vhole

extract is titrated with standard NaOH using 2,5 dinitrophencl as inchcator,

end the acidity then adjusted with acetls acid and the mixiure 'bi‘l:rated
potenticmetrically for chlaride (a.vs).
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USE

i non—gpecifioc ma'bhod which has been used foar the analysis of hydrogen
cyanide and of Gi.

PRINCIPLE OF THE METHOD

The cyanide ion(produced by hydrolysis if necessary) is converted to, CNEr,
the exdess bromine is desﬁroyed» and the CNBr reaoted with Dyrid:l.ne and benzidine
to give a colo.zr. N ,

COLLRCTION OF THE SAMPLE

The sample is collected in bubblers charged Wit'n’ N.Na(H,
REAGENTS
(1) N,NaeH.

 (44) &V Acetic acid (120 ml glacial acetic acid made up to 1 litre with
distilled water),

(111)50% Glacial acetic acid,
(iv) Saturated solution of bromine in water,

(v) Pyridine resgent — 25 ml of freshly redistilled"pyr:{é;me and
2 ml ponc. HG!. made up t6 50 ml with distilled water,

(v1) 1455 Sodium arsenite in water,
(vii) 3 Benzidine in pwe alochol,
ANATYTICAT, METHOD

An aliquot of not mare than 5 ml, om'ta:lnmg between 0,002 and 0,02 mg CN!
is placed in a tube graduated at 10 mL The aliquot is neutralised and made
slightly acid by the addition of a caloulated quentity of acetio acid, either
N or 0N (50% glacial) strength as convenfent so that the total volume does :
not exceed 5,9 ml (Note: the sample should be made acid anly immediately befare
analysis or some HON may be lost),

0,3 ml bromine water is added snd mixed, and thé mixture allowed to stand
far 2 mimtes,. 0,50 ml of L 5% sodium arsenlte golution is added and mixed,
and the mixture allowed to stend for a further 2 mins, 0,80 ml of benzidine
solution and 2,5 ml of pyridine reagent are added and the solution made up to
the 10 ml merk with distilled water, mixed well, and allowed to stand for a
further 10 mins, The colour is then measured in the "Spekiker" using the llo.6
light blue soreems.

Notes:

(1) The amount of sodium arsenite added mist be sufficient to discharge
all the colaur of the free bramine,

(2) Stirct adherence to the time schedule is essential,

(3) The molutioms must be mixed thorcughly, eithér by using a glass -
mixing rod which is left in the solution far the whole period, or by flicking

the tube, The thumb or finger misl not be alloved to come in contact with
the solution,

(4) With two operatars, batches of 12 samples can be processed with
1 minute intervals between samples and a 45 minute interval betwéen batches,

CAT.TERATION

The ocalibratimn is carrled aut on a standard solution of potassium cyanide,
= 55 =




ANATYTICAT, METHOD

e oy e—dar—————,

SECRET
1y, ' -CYANOGEN CHLORIDE

(a) Mporo Method (1951)

FPRINCIFTE

Oyeniogén chlcxrid.e is hy‘drolysed by alécholic soda and the oyanide a.nd
chlaride titrated together by Volhard!s nethod in aocld so]ution.

COLLECTION OF THE SAMPLE

Semples are collected at sultable Flow rates (from 1 to 4O litres/rin.)
in sintered glass bubblers containing 4100 nl % alocholic sodium hydroud.d.e.

REAGENTS
(4) 0wt Nusgho,
(11) 04t N.KONS
(1i1) Ferric alun solution

The ‘bubbler cqntents are washed out JAnto a canical f‘lask w:.th distilled
wa.ter, acidified with nitric acid end a few drops of ferr::.o alum solution added,

20 nl of 0,1 N wilver nitrate solutiom is added, and, after sha.king to
coagulate the mrecipitate, the excess is back ti‘bra‘bed. W:Lth 0s1'N potassium .
thiocysmate

1 @l O N.AgNO = 615 ng GNO!.

- 56!-'




 SEGRET.
14, OYINOGEN (HLORIDE cont!d,

(1) Hicro Hethod (1951)
IRINCIPLE

Cyanogen chleride reaots with pyridine in the wresence of a smaﬁ amolmt
of benzidihe hydrochlaride o give an intense reddish colour,

COLLECTION OF THE S/MPLE

Samples are collected in miniature bubblers containing 2.5 ml of a”
solutich' of 041 g benzidine hydrochlor:.de in 100 nl of pure fractimmated
ryridiné, J#Hy evaporated pyridine is replaced after sampling, The saiples
rmust not be allowed to stand far mare than 1 hour before analysiss ~ - *

REAGENTS

(1) Benzidine pyridine reagent — 0.4 g benzidine in 4100 ml pureé
fractionated pyridine, , .

(i1) Oane, HOL,
ANALYTIGAL METHOD

The sarple i made up to 40 ml with benzidine pymd:l.ne reagen'b and to
the whole (or a suitable aliquot made up to 10 nl with the reagent) is added.
0.5 ml cone, hydrochlaric acid, and the tube placed in a boiling water ‘ba.th
for 1 o5 to 2 mimtes.

Lfter cooling 5 il of @istilled water are added and the colour measured
irmediately in the "Spekker! using the No. 5 green screens, or in the "Um.cam" at
a wave. Igngth of 515 . . §o e

GALIERATT

‘A solut:.on of cyanogen chlaride in abso]u'be aloohol is standardised by
the Volhard method (ahove), diluted, and aliquots tredted as a'bove.

Notes
Solutions of cyanogen chlaride (e.g, in cyclohexanol) can be analysed 'by
the indole perborate method as used for G gases, but a suitable sarpling:.

technique for this method has not yet been found, (The slip of ¢ anogen
chlaride through cyolobexanol in & nﬁuature bubbler is excessive,) .

- 57—‘

AT




e e e

¢ s Lt e 0 s i o e v

SECRET

15, DICHLORO DIRTHYT, BTHER({9L6)

usE

Dichloro diethyl ether is used as an innocuous su'bstitute when methyl‘,
salicylate is unsuitable ar uncbtainebls,

HINCIPLE

" On heating dichlaro ddethyl ether with pyrid:l.ne to 95°c, &.yollow oolour
is produced.

OOLIECTION COF THE SAI!E’LI}

Samples are collected in tubblers: oherged with 15 pl pure pyrid:l.ne
fitted with small soda~line guard tubes, Sampling duration may be up
30 mins. under temperate conditions, ‘ ‘ . .

REAGENTS .
(1) Pube, redistilled pyridine, fragtion 113° - 414°C,
(i1) 9% solutian by volune of above, in water.
- (iii) 0,2 N sodium hydroxide solution,

(iv) 2} Gun ghatti sclution, prepared by suspending 2 g gun"in 6
rmslin bag in 100 ml water overmght and flltering before use,

Ve

ANALYTIQ&L ME'H{OD

The bubbler contents are washed into clean, dry 25 ml oylinders with
pure pyridine, up to a volume of 419 ml. 4 ml water is then added from a
pi_pet'be to give a final concentration of 954 pyridine, The solution is. well

mixed, and a suitable aliquot particn, (not mare than 1/2) is placed in a
clean dry tube, end diluted to 410 ml mth 95/ pyridine,

The tube is then placed in a water bath maintained at 95°C for 420 min,
It is then cooled, 0,5 ml gum ghatti sclutien added, the tube shaken, and
0.5 ml 0,2 N NaOH solution added, followed by irmediate shaking, . .

The yellow colour is read off after {10 mins, in the Spekker hbsorptiometer,
useing No,7 dark blue screens,

g_@mmm CURVE

This is prepared 'by weighing puna DDE mto a flask, and diluting wd.‘th
994 pyridine, Suitable amounts of this solutimn are then uged. for preparing
a calilratim curve by the method given above,

L. typloal calibratian ourve done in duplicate gave the following readings

mg DIE 0 | .02 «Oly. +06. «08

Spekker reading|0,0| 408, .08 «1ly 417 | «24) a245] 4285, 27

mg DIE 0u1 0.2 GRN 0.6 108 |10

Spekker reaaj-ng .305, .32 013‘6’ Qll'7 .57,.59 068’070 076 '76 '80,.81.:“

Above 0,4 mg DIB, the ourve becomes rather flat, and the a.ocuracy is not
vory great,

2




SECRET
DYE (1954)

USE

i

Dyes are used as characterisers, They give a rapid visual assessment of
the position and degree of any liquid contamination.

They show the axont of - cortarination which would have ocourred if there
had been no losses by evaporation, hyﬂrolysis, eto, (unless the loss due to
aveporation is so grent that the dro;plet has completely vapcurised and the dry

dye blows away) ond by comperisan of dye content and agent coten'b of the drople'bs

a neasure of these Losses can often he obtained.

SELECTION OF THE DYESIUFF

The particular rﬂ,ye u'sed is »‘selected for s

(a) Solub:.llty' nd s'bablll“by in the fg,en'b

(v) Golour in cmtrast with natural colours (Reds are therefore
usu mreferred as giving the greatest contragt with green

grasse

(c) Stabildty o llgh*‘ and o starage an the samplmg m‘benal -
Paper envelope, woollen felt; or turf,

(d) Lack of solibility in water (rain ar dew effects)s

(¢) Base of extraction firon the sampling material,

,(,f) Intensity ef colour,

In the past, 011 Yellow and Waxo.'l:me Red have been used ex‘l;ensively. Oil
Yellow ia avpreciabl;y soluble in many agents, including rustard. gas, but it has
a very poor colour until acidified and it proved unsuitable f ar measuring stain

sizes. It is also smewhat volatile and therefare has poor s‘borage properties,

Waxoline Red is not wery soluble in most agents,

Lt present (1955) the foJ.:Lowing dyestuffs are faVOured'-

Far GB: Violet Dye

(Layton TT3809 (This is the unsulphona'bed base of Fast

Eeid Violet. AZR, Colour Index No,758),

This dye is at Xeast 207 soluble in GB and can be extraoted fran paper
and woollen felt pedss by methyl cellosolve., It gives spots with a sharply
defined odge (on paper) and is therefore very suiteble for measuring drop sizes

It is not very £ast to light (although it can be exposed to winter sunlight

for 15 hours without loss) and therefore papers should be removed to the dark

as soon as possible after a trial,

This 1s not so in@ortant with felt pads

as the thickness of the pad gives gome protection,

This dye is not ea.sily ex'braoted fram turf,

E‘crr Mih:  Orasol Red B

This is me of tle fev dyes which are very soluble :Ln methyl acetoncetate,
The methyl acetoacetate should be kept in a glass container as lang as possible
and charged into metal only Just befare the trial to avold the yroduction of a
colaur from the reactim of the Mil on the iramm, which could be canfused with

the orange or red dye.

Orasol Red B is weadily extraoted by industrial spirilt,




Far 18: Waxoline Red

The pads, papers or turves are extracted with coldl ¢hloroform.

" COLLECTICN OF THE SiMPLE -

The sample 1s collected on ampling emrelopes, fel‘b Pads, turf etc. o
(seb Sec'bion 1T, 3 abcve) ar an casoada impacter slides. =

B REAGENTS AN‘D MEI‘HOD OF ANALYSIS

(a) Violet Dye O.s,vton T'I.’1829‘
Reagents (1) Methyl cellosolve

(4i) Acid cellosolve "A" 90 nl methyl cellosolve

10 ml cnnc. sulptmr:.c a.cid

(115.)Acid oellosolve npH 90 nl ne'blvl cellosolve

40 ml .A.oid. cellosolVe npe ‘ o

Recovery of cellosolve The umed cellosolve is allowed. to sbend over quickline,

filtered and then distilled over copper povder with a little ferrous sulphate,
Care should be tekenh to prevent the distillation going too fer, as cellosolve is
lisble to peroxidise and explode, The partion distilling between 416°C and 120°%

is suitable for re—use.,

Paper or felt ;gad Each unit is soaked in 225 ml oi‘ cold ma‘am-l oellosolve until

the dye is extracted, ' This réquires at least { hour, with frequent shakmg-

heavily contaminated peds may require soaking overnight.

The extract is filterecl

and to 45 ml of the filtrate are added 5 nl of acid cellosclve "A", .Either this
solutim, o a sulteble aliquot diluted with acid cellosolve "B", is used to

535 pillimicroms,

measure the colour dn thé Unicam S.'P.}SO Spectrophotomter at a wave leng‘bh of

‘Turf: The turf is smoaked in 450 ml of cold methyl oellosolVe for l;.8 haurs, ]
¥ith occasional shaking the turf beirg broken up as far as possible, - The

extract is filtered, and to 45 ml of the :f‘il‘bra.te are added 5 nl of acid cellosolve -
MAM, The mixture is re-aliquoted and diluted with acid cellosolve "B", - The
colour is then measured on the Unicam a} both 535 m and 14.30 m and the anount

of dye estimated by means of a nomogram,

(v) Orasol Red B

v

The dye is extracted with industrial spirit, using 200 nl far pads foro
envelopes and 500 ml for turves, and the colour measured on thé Unicatr et a wave

length of 520 e

LY

(o) Waxo]ine Red.

The dye is extracted wi‘bh ohloroform, using 250 ml for at lea.s‘b 1 hour for
pads and envelopes (12 yapers are damp they may require soaking. overnight), end,
500 ml for turves with at least 2 hours sdaking, .

The colour is measured an the Unicam at a wave length of 525 mu for peds .
and envelopes, and for, turves at 525 m and 65!;. mp using a nouggran.
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Preparu.tim of Oa.la.bration ourve

The calibration curve should ‘e prepered from the actual charging used
in the weapon and not from a sample of purs dye,. asthis will allow for any
interference from the agent itself, ‘fron reaction with the case of the weapon
and for' any immacouracy in the 1re'oarat1m. When furves are inolu.d.ed in the
serples, the nomogran should be. mrepared with charging which has been diluted
with an extract from a blank turf similiar 4o those out frr the samples and
not with pure solvemt, _Far very heavily contaminated turves, the sample
extract may require dilution with fresh solvent to such an extent that the
interference of the green colowr is negligible- a.nd in this case the nomogran
will not be requireds

ERERARAIION OF i NOEIOGR(I: FAR THE COLOREIETRIC EST?HJ‘IL‘IGN OF ONE DYESTUFF IN
THE CRESENCE OF ANOLHER .

In order to estimate the cmomtratlon of red dyestuff in mresence of a
green one, measurenents of the opfical density'are made at two wavelengths. I
is knom that the scale reading of the instrument used is proportiomal to
concentraticon, for solutiasof the red dye glone. It is believed thai this
is true also for the green dye, and that the two do not interact in solutiom,
In thesge cirounstanges the dmgity reading will be the sum of contr:l.buticms
fron the two dyes geparately. - . . o .

A% wavelangth 'y 1, then'

°<(P Y ‘1‘1 g ) . : oo Lo ;
and at Ay h :
X .‘: cc( ()21' +ng)
. 2 '
where ¥,y X, are the scale readings at X, % respectively, R and b are the
speoiﬁ.o abso:@t:.ons of the red dye,. Yy and Yo the specific abgorptions of
the green, r and g the amounts of the red and green dyes respectively, and
o«cls a oonstent depending o the instrument and depth of liquid measured.

Elirminating the unknown, g, which is in any case not required, gives

T o= 1 EX;["'XZ ’qg
0'91-» sz/rz Tt e Yz

The constants in this 'equatlon can-'be measured but it is wobably better to

treat it enplrically. It m.y be Wr:.t*ben o
LT R Ax - '

then if measmrements at )\ 4 and 7\2 are made on a few mixtures containing knom

- anounts of red dye, good average values of A and B can be dbtained by the method

of lesst squares. This will to some extent take account of small deviatiohs
from Beexr!s law, otc,

Y B e




SECRET

Por instance, if two pairs of solutiors arve mede,- aie peir conta.ining a
knoim ocancentration say r, of red dye but d:l.ffering (unknmm) concentrations
of green, the. other containing & Jnown conoehtration, say Ty, of red -dye but

again, differldg Gonoentration of green, and all four aolut:!.ma Are meb.mred
. at the two- Waveleng'bhg e and B can’ be oalou]ated. ~frcm:

C (zrx (xxz) (urxz)(
o (Exz)(«x@ - X xz)

(“xz)(uxﬁ) zx,xz)

A nomogram L] cmstructed as follows.

S ) - ‘<zrx‘2)(s‘¥i>ﬂ,'
B =

K

. .3 porallel vertical lines are drewm, . Theme will be, veading fran the left
aay, the Xi, r and X, scales, The distance between ‘the x1 and r soales mst be

B units (e.g. 1 B = 2, 1 inch = 2 x 0,5 inch would be oawenlent) and that
between the r and X, soales, A of the same wnits (e.g, if 4 =10, 5 inches

= 10 x 0,5 inches), Two perallel lines are arawm outting the first 3 at right
a.mles, at a distance apert equal o the desired length of the X scales .
(e.8. 5 inches),

The intersections are marked'as follows:

Upper line and X, scale - -~ X, =10

IR SR
v lmewax 7 v Lw0.000
» S X, 1.0

The X soales are subdivided linea.rly |

v

Now X, is caloulated vhen X, = 1 and.r e Q v X =B/A

This point is marked on the X1 soale and joined to Iz = 1 ’ !fhe intersection
with the r scale is r = O» Then X, ia.‘oe.laq,ated When X, = 0 end r'=10:

x1 ® 10/h,  This point is marked end Joined to X, = 0.  The intersectimn is

=10 on the r scals, The two-points r = 10 and r = 0 are now lmam- their
aistance apart can be measured and the ¥ dcale subdivided. '

The starting points here hmre been chosen to cover the range Icnovm to be
needed,
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47, ETHYL CHIORO ALCETLIE. “(1948)
USE

Ethyl ochloroacetate has been used as a substitute for GB, ‘being very
simllar in some of its physical properties, ‘

PRINCIFLE . o
The ethyl chloroa.ce'bate is hyd.rolysed and the chloride estimated.
COLLECTI(N OF THE SAMPLE

Vapour semples areé collected at 10 1/min, in bubblers charged with a 57
solution of godiun hydraxide in watér containing 4167 of absclute alochol.

This gives a lower and nare uniform "slip" than using aqueous sodium hydroxide,

REAGENTS

0,002 N silver nitrate so an, fres epare eac g
i N sil trat Iutian, f hly oy d h d.ay b
_didution from 0,02 N solution, *

(41) Conductivity water,
(iii)Aquecus acetic acid (50% by vol,)
METHOD :

The bubbler contents are washed aif into a round bottomed flask ‘boiled
under a reflux condenser for 30 mins,, cooled and the chlaride t:.tro.tea
electrometrically after ac:.diflcatim with 2 ml of 5% aca'bic acld,

1 1l 0,002 N AgNO, = 0,245 mg EOA
A blank determination is made for each batch of samples, This blank varies
according to the aliquot taken end is la.rgely due to the -impurities in the
sodivm hydroxide, ) ‘

Nota:,

Care should 'be taken to avold contamlpation by adventitious chlorides,
e,gs on Partn ranges positive resulls were obtained with shells charged
distilled water fired into the ground upwind of the bubblerss
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SECRET
18, FERRIC CHLORIDE (1952)

Ferrio chlaride has been used as a nan~toxic smoke, ‘
FRINCIELE o I '

PFerric chloride gives a blue colour with thioglyoollio acld in ammiacial
so]nt:l.an. Lo

COLLECTION OF THE SAMPLE

The smoke is sampled on e Whatman No,il, paper in a dcu‘ble ceng fil‘bar by
asptration at either 1. J/mm. ar 10 l/rmxute. <

REAGENTS
(1) Thioglycollic acid (90%) R
(11)  Dilube hydrdchlaiic acid (ﬁéi/‘tffa,ter 1727)
(ii1) Dilute ammonia (NHA:CH (0.880)/ater 1.1).
ANATYTTCAT METHOD

The paper is extracted with 20 ml dilute hydrochloric acid with occasional
shaking for 3 hours ar mare, and the extract filtered, 15 ml of the filtrate
are pipetted into a 1" beiling tube and 5 drops of thioglycollic acid addeds
The mixture is shaken, and 5 nl 4/4 amonia added and again ghaken well, After
allowing to stand for 10 mins,, the colour is measured on the Spekker using the
yellow green screens (605) and the appromriate oell.

Blank tests showld be cerried out on wmsed 'filter pa.pefs, '
TYPICAL CATTERATION CURVE ' |

Obtained by using a solutim of "Jmalar” ferric alwn:
Bz Ferr* 11,1 22,2 33.3 Mib4 55,6 66,8 89,0
Spelker reading 0,42 023 0,33 04k 0,55 0,66 0,90

Note:

e

1: 10 phenanthroline, which is expected to be a mare sensitive reagent
for Fe*+*, has not yet been tested.

ORCIUOTRIIEIC
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49, FLUORIDE

(a) By smperanetwic titration with therium nitrate (1953)

ERINOLVLE

A sdlum o containing ﬂuomde lon is t:.trai'ed with thorium nitrate in a
glass tube containing a dropping mercury electrode and a mercwry pool with a
potential of «1.46 volts applied (a little more negative than the half wave
of tharium nitrate), The current remains almost constant until all the
fluaride ion has been removed from solution, after which it inoreases sharply
in direct proportion to the excess of thorium nitrate in solution,

G cumpounds are first hydrolysed fo give the fluarids ion, the solutian
neutralised and the phosphorug compounds which would interfere with the
titration precipitated by the addition of an excess of silver nitrate, the
latter being precipitated in turn with potassimn chlaride,

RIEAGENT'S
(i) N KH (for hydroiysis)
(ii) Dilute HNO (zH 6.5)
(i4i) 01 W 505

(iv) 0.1 N KoL

(v) 0,1 N XNO

3

(vi) 0,05 X Th(NOB) L in 04 N KNO3

(vii) 0,01 1I Th(NO,), in 4,4 N KNO
3k 3
APPARATUS

This is 1llustrated in Fig, 27 , end detalls are given in R.T.P. 342.
METHOD (for GB) .

0.2 t0 0,3 gram of GB is welghed into a small flask, 10 ml of N KOH
golution is added and the mixbure alloved fo gtaud for at least 10 mimutbeun,
One drop of Universal Indicator is then added and the solution neutralised
with dilute nitric acid (i 6,5), and made up to 100 mL or other suitable

volune,

1 mi of the hydroly.;ed. G solutlon, estimated to contain between 10 and

800 ng of f]uor:.ﬂe lm, is measured from a microburetts’ into the titration cell

(a i 'by 7" specimen “bu'be) followed by 1 nl 2,1 N 4LgNO 3 1 ml 0.1 N KC1, and

4 ml 3,1.N KNOB,, Clean mercury is added %0 the tltzration cell to a depth of

ebout 1", and the oell is placed in the turette stand, The dropping mercury
electrode, the conbuct wire to the mercury pool, the air ghirrer tube and the
burette are placed in positim,. The instrunent is set o apoly 4,46 voli‘s
across the cell, the "badking out" resistance 1s adjusted, if necessary, *
bring the ga.lvanmaeuer to a low reading, and the sensrbiv:_ ty cantrol ad,justed

go that the whole of the titration road.mgs may be made on the galvanomeher
scale,

- 6 =
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SECKET

Additions of 0,05 ml of standewd thariun nitrate solutlion are made,
(using 0,01 M for quantitiag up to 100 pp of fluoride ion and 0,05 M for
entities expeoted to be greater than this), (fter each additien, the
solutim is stirred Ty blowing a little air through the stirrer tube from
2 blow-bulb and the galvanameter reading taken ag soon as 1t has become:
steady, The readings are plothed against volume of titrant and the
intersection of the two sh'adght lines produced gives the endpoint L

i method using a "High Frequency Titrimeter" has also been used far the
estimation of fluoride ion in GB, where about 0.3 g of the sanple was availables
Details are given in P,T.P.231, ‘

e Rana o Y
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SECRET

Flucride (cont!d,)

(b) By Thoriun Nitrate ané Solochrome Blue (1946)

PRINCIELE

Than a sample of a fluaride is buffered to w 3.0 and titrabed with
thoriun nitrate in the presence of solochromo blue, a blue lake is farmed
at the end-point and is matched against a blank containing a trace of thoriim

- nifrate. - '

COLLEOTION

@B vapour is collected in bubblers containing N sodium hydroxide,
(i) Dilute perchlaric acid (3, orZ

(ii) Standard tharium nitrate 0,004 N (552 mg m(no}) yr M0 dnd Liwwe
of ‘water,) : o

(1ii) Solcchrome Brilliant Blue BS 0,024 solution in water

(iv) OChloroacetic tuffer ~ 22,7 g monochloroacetic acid 4n 400 ml
of water, 50 ml of this solutim are neutralised with 6N Na(H,
and this is then added to the remaining (wmeuiralised) 50 ml
and the combined portim made up to 1 litre,

JLETHOD

A puiteble aliquot containing less than 100 pg of F! is taken for titratim.
This is placed in a Nessler glass (standing on a white #ile) . and made up to
50 ml with distilled watsr, Thenolphthalein is added, followed by perchloric
acid until the pink colour is Just destroysd, 4 ml of dye solution is added
and then more porchlaric acid solution until the yellow colour of the dye Just
changes to pink, 0,5 ml chlaroacetic acld buffer is then added.

Te a2 similar Nessler tube is added an amount of caustic soda solutim
equivalent Yo that in the pample tube, and this ls freated in a similar mennem,
0] ml of 0,004 N thacium nitrate is then added, chamging the colour from pink
to bluish parple, ‘

The sample is then titrated with the 0,004 N tharium nitrate fram a miaro
burette until it exactly matches the colour of the blamk, 0,1 ml {the volume of
thorium nitrate added to the control solution) is deducted from the burette
reading and the net reading referred to the calibration curve.

Owing %o personal variation in Judging the end point, the calibration curwe
shoui.d be prepared by the same operator at the same time as the amalysis of the
gamples,

Typioal ocalibration curve:

rg Fluorine 5 10 20 40 60
ml 0,004 tharitm nitrate 0,25 040 0,72 4539 2,00

Foar modificatims of this method for
P35 ~ ses PR 2542
Nethyl flucroacetste — pee FR 2556

- 67 -
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20, FURFURAT, (1954)

UsE . , o
Furfiral, containing 1074 of carbon tetrachloride to reduce the risk of
infleming, ha.s beon used as a substitute where it was desired to show visually
by the change in colour of the solubtion in the bubblers the extent and, the
magnitude of the concentrations produced,

PRINCIPIE OF THE HETHOD

Purfural gives a deep red colour with eniline acetats,
COLIEGTION OF THE SAM.E’IF

M.miature bubblers charged with 5 ml of a 107 solution of aniline in 50/50
glacial acetic acid/water and operated at 1 Ji'f:re/m.m. are used to sample
furfural,

ANAUI".I.‘IGAL METHOD

: The depth of colour is proport:.onal to the emount of furfural, but the
colour begins to fade affer sbout 5 mins, and is appreciable afcer 1 hour,

This rough visual estimation has been sufficient for all requirements up
to date, tu* the method cauld probably be made quantitative by sampling in
acetic aoid and then adding the anilive in the Iaboratary and measuring the
oolour at a fixéd time after this addition,

- 68 -




(s) By cyenide (GA) (1948)

The sample is collected in bubblers charged with N NaCH,

SECRET

|2l G AGENTS

e csib—————

An aliquoet to

oontain between 0,01 a.nd 0,12 mg GA is taken and ana.lysed. as for cyam.de

(see 13 above),

e e ad b s
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¢ agents {oont'd,)

(b) By phosphate (1951)

This method estimates the total G- agent including any decomposition products,
so that if used in conjunction with the dianisidine method (see below) a_ measure
of the amount of hydrolysis can be cbtained e

. GOLLECTION OF TI‘ESAIIPLE

The vapour is collected in bubblers charged with N NaGH,

_REAGENTS
(L) N NatH
(i1) 5 lxrﬂzsolF

(111) 107 omonium persulphate, 40 g (m4)2 S,0g to 100 ml with water,
(iv)  8.5% sodium molybdate solutian.

(v) 40 stermous chlaride, 40 g SnCL, dissolved in 86 nl conc, HCL

and made up to 100 ml with more conc, HCL if necessary, This
solution should be kept in the dark and not be stored for mare
a month, :

(vi) Q2% stannous ohlaride. 1 ml of the strong sclution diluted to
200 ml with distilled water, This solution should be freshly
uade when required and not kept for mare than an hour ar two,
METHOD
A sulteble aliquot is used as follows:—

5 nl allquot to contain 0.0 to 0,08 mg

2 ml " " 0,04 to 0,08 rg
41 mt f " 0.01 t02,0 mg GD
0.01 to 5,0 mg GB or GE

For 5 ml or 2 ml aliquots

The volume is made up to 5 ml with N NalE, in a1 boiling twbey 2,7 ml of

5 N Hx80;, (to nevtralise axd give 2 ml excoss) and 1 nl of 104 armonium persulphate
e added and the tuba plaked in a beoiling water bath fer 30 mins, The iube is
washed out into a fube graduated at 8 ml and the volume made up to 8 ml. 1 ml

sodiun molybdate solution and 4 ml dilute starmous chlaride Bolution are added
and the mixture shaken (Note; The temperature should be between 15°C and L40°C.
The molybdate and stannous ¢hlaride soluticns should be blown from pipettes into
the main solution to give good and immediate mixing,) The colamr produced afber
5 mins. is measured on the Spekker using the red sorcens,

Far 4 ml allquots

The aliquot is placed in a 5/8" tube graduated at 8 ml,, 1 ml ammonium
persulphate is added and the tube placed in a boiling water bath for 30 ming.
If necessary the mixture is diluted and re~aliquoted, 2 ml of 5 N HZSOI;-

are added Yo the mixture diluted to 8 ml and the sbove procedure carried aut.

--70—0
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Typical Calibration Surve

The oalibratim ourve is orepared using potassiun dihydrogen phosphate
AR,y 1 to 5 ml of an aguemis golution being boiled, cocled, acidified with
2nl 5N HZSOA_’ diluted to 8 ml and treated as abové, -~ This cirve can then be

used to check the purity (by phogphogus content) of the liquid G agent. .
yg ? 0 20 4kO. 60 80 10,0 1450 20,0
S,Pekker Readihg 108 019 -305 tLPZ QSLP v65 91 1-1#

Note: A similar blue colour is given by arsenic and silicon which may be
obtained in traces.from some types of glass. . All boiling tubeg, test tubes
and should therefare be treated with sulphuric acid, ammanium persulphate etc,
until they give a reasonable blank reading.

Modification when the sample is takenin isorrepanol (1952)

For some purposes, e.g. the collecticn of liquid drops, it is impracticable
to take separate semples far analysis by the phosphorus and dianisidine methods,
In these cases the sample is collected in isopmropancl, and the G content determined
by the two different methods on aliquots from the same solution. Thus, with
dyed GB dronlets, estimation of the dye, GB by phosphorus and GB by dianisidine
has been used to determine the degree of evaparation and of hydrolysis,

To an aliquot of not mare than 2 ml of the isopropencl solutiom, 4 wl of
107, ammonia (1 vol, NH,GH .880 plus 2 vols water) is added, the mixture shaken

well and allowed to s'bgnd for at least 4 hour, It is then placed in a boiling
water bath for 4 hour to evaporate the isopropanol and if necessary topped up
Wwith water Yo meintatn the volume. a%, about,but not above 4 ml, 4 ml 40% armonium
persulphate is added and the mixture is replaced in the boiling water bath for

30 mins. If necéssary it is diluted and reahi%uoﬁed. If the whole sample has
been taken, 1,0 ml 5 N HZSOL are added; if half has been used, 1,9 ml 5 N H;‘ZSOI,.

are added (%o give a total of 2 ml of acid including thet from the persulphate),
After’ dilution to 8 ml, the estimation is contirued ss aboves




SECRET
G agents (cont'd.)

(e) Hacro method far phospharus in G _carmpounds (1951)
This nmethod is sultable far quantities of G agent qf the order of 0,2 g
| (1) Soddun Hyiwoxide AR, - ... .. - “ |

(34) Pusion mixture.~ equdl parts Na 005 and K00 3 : Lo
(114)Nitric aoid 8¢ 1,2 900 mL oone, 'HNO} and
4200 ml water

(iv) Amioniun nitro molybdate - 30 g ammoniun molybdate dissolved
in 200 nl water and added gradually with constant etirring to
200 mb nitric acid,

(v) Hagnesiun mixture =~ 55 g magriesiui chloride and 100 g ammionium' -
' chlaride dissolved in water and diluted to 1 litre.’ e

(vi) Amoniacal amuonium chloride solutim 50 g NI, CL dissolyed in
water: 400 ml 0,88 emmonia added and diluted"to 1 litre with
watar, ‘ S : L o - o

(vii)2% Nitric acid solution

(viii) 3% Amaonia solitim |

(4x) 107 ;umoni'arsoluti@ -

(x) smantua nitrate, "
METHOD |

About 2 g sodium hydroxide are.disaolved in as little water as possible in
a platimm crucible, 4 definite amount of G agent (about 0,2 g) is weighed
into this arucible and alloved to stand to hydrolyse., Jfbout 3 g fusion mixture is
added and heated very gently at first, till all the water has evaparated, and
then more stropgly till the mixture has fused and decomposed the G agent, After
cooling, the contents of ihe cruciblé are dissolved in water and washed into a
beaker, 50 ml niftrio acid (SG 442) and hbout 7 g ammonium nitrate are added
and the mixture heated to 75 = 80°C, 50 ml amonium nitro nclybdate are
heated to 75 ~ 8000, and the two solutions are mixed and allawed to stand over-
night, The temperature at the time of precipitation mist not exoeed 80°C or
some molybdic acid will be produced,

e ammonium phosphoolybdate is filtered off and the precipitate washed
several times with 24 nitric acid solution, It is then dissolved in as little
10% ammonia solution as possible, washing the filter paper with 3% ammonia solutica, .
and re-filtered if necessary, To the clear solution 50 ml of umagnesia mixture
are added gradually with constant shaking, and the precipitate allowed to stand
overnight,

The mixture is filtered through a No,42 or 44 Whatman paper, and the precipliste

washed well with the ammoniacal ammenium chlaride sclutia, The paper is trans~ ~ *

fered to a weighed platimum crucible and ignited gently at first, then more

strongTy and finally reweighed, -

Canversion factor: MgzP207 x 0,2787 = 2P
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G gg' ants (cont'd,)

(8) By dlanisiding (1955)

This method is comparatively specific for arganic phosphoa‘uwfharme '
compounds and is used to det;emdne undeoom sged G gasy ‘ .

In.the presence of hydrogenpiroxide, G gases react with amines of the

dienisidine type to give a brom colour, The method iz very sensifive to .

w; in strongly alkaline soluticns the colour is developed quickly and fades
quickly; in slightly alkaline sdlutions it develops very slowly, A f of 11,7 has
been famd to be the most satlsfactory for gtability of colour. ‘The method 1s
also affected by changes in the temperature of the reagents and by impurities
which are normally mresent in bulk suppl:n.es of acetone, 8o that the aoe'bone usea.
has ’co be purified careiull;y ‘ ‘ ‘ .

OOLLECTION OF THE SUFLE ' o :\

The vapour is collected at 4 1/min, in miniature bubblers which are graduated
at 25 ml and are charged with cyclchexanol containing 5% methyl cellosolve (ethylene
lycol mono methyl ether), . 2 ml of solvent is sufficient for sampling up to
10 mins, at temperatures from 35°F to Y0OF but for longer periods or more extreme
temperatures 5 ml should be used, as émn be noted from the following "Slip" values

Samplineg of GB in miniature bubblers charged w:Lth cyolohexanol conta:mmg W

methyl cellosolve % slig
With 2 ml solvent:

?enperéﬁme. - T%.me ojf Sanp%ng (1.385.)
4% L9 44 145
59 L, .8 42 44
63° ¢ 6 {0 A4
[ I 23
97 9

o

17 b

With 5 ml salvent:

5° s 3 4

5% 2 b 7
o, e 3 G-
97° 2 3 1

Note Sampling of GB at high flow rates:-

: In cagses where it is desired to sample the GB concentration at a high flow
rate {e.g, to simulate humen breathing rates, or to avold tak:l.ng a fraction from
a high-rate £I1d¥ Line) either large sintered glass ~bu'bblers or solid absorbent
tubes may be used,

Large bubblers are charged with cyclohexanol solvent as usual, an aliquot
of not more than 5 ml taken and the analysis carried out in the usual ways

Solid absorbent tubes are charged with impreguated silica gel, prepared as
follows s
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SECRET

The gel is sieved (siove = 18 mosh per inch) and a1l fines rojested in-
arder not to introduce a high resistance %o the air flow, 10 g of this gel
is placed in 500 ml of 1/ potassiun dihydrogen phosphate solution and the
solution gently heated to 50°C with stirring to expel air biubbles, The gel
is then filtered through a Buchner fumnel and a:.r-dried on the fuimel for 5 rﬂ.ns.,
then dried in an oven at 150°C for 2 hours,

Using 3 g of impregmated gel in the soiid abaorbent tube samples may be
taken at flov ra'bes up to 20 ‘1itres/riin,

¢

ot

Ag GB is uns'baible on nolst . sllica gel, ‘the tubes should. ‘be stored in a
sealed container or in & desicoator until requ:u:ed. and 'the. samples must be
extracted immediately after sampl:mg " The silica gel is emptied from the tube
into & flask cantaining 15 ml of acetone buffer o 56 (2.72 g KHZPO in 4 Iitre
of water and {1 litre of acetme added snd mixed), - Lftewr gytraction the solution
is filtered and a suitable aliquot of not more then 5 ml :.s then a.nalysed by the
usual method (see below)

N \

(1) Stook Butfer 40 g MR, KHz0,) to'f litre o
: 22,5 g lsaRa KOH ) distilled water -

(ii)Baffer for.use, Hix 4 vol, of stock buffer, 1% vols. of distilled.
water and 2,5 vols, of parified acetone™,.

This diluted buffer should be kept away from strong sunlight and should
not 'be stored for mare than 7 days. Storage temperature not less than
15°% - y .

(iii) Hydrogen pero:dde - 1% H o2

(iv) Dianisidine Hydrochlaride = 1,3 g to 100 ml in distillad weter,
This solution should be stored in the dark and for not more then
7 days.

Y
v

Prests for parity of acetone - see belaw

JTROCEDRH

Immediately befare each batch of samples is am.lysed 23 vols, 4, 1 vol, ii,
and 1 vol, ¥dare mixed, 20 samples farms a convenient 'batch so that nonna.JJy
460 ml 4, 20 ml.4% and 20 mligs are used, The inlet tube is ranoved from the
bubbler a.nd the latter filled to the 25 ml mark with this mlxed reagent, The
inlet tube is replaced 3 ar 4 tﬂmes, allowing to drain in betwsen, in order to
wash out the cyclchexanol from the capillary., The inlet tube is again removed
and the bubbler contents throoughly mixed, using a glass rod with the end flattened
to a dlameter a little less than that of 'bhe tube, The rrooess is repeated with
the other samples of the batch at 1 minute intervals, This rrocedure should be
carried out first on a "blark" 2 .ml of cyclchexanol which is then used to £ill
the Spekker reference cells, The colour intensity of the samples is measured
exaotly 10 mins, after adding the reagent to the bubbler, using either the 3 am,
1 oy 005 omy o 0, 25 an. oell as anpropwiate and. Spectrum Violet 601 soreenss

3
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On ocold days, care should be taken that the temperature of the reagents
does not fall belmv 4590, and under hot ccndrbions the reagents should be kept
in a cooling bath to keep them below 25°C.

Notes

(1) The following solutions have been found useful for checking that the
efficlency of the Spekker is unchanged:

Ae 0,7 8 LuRe chr‘,zo7 por litre
B, 0,35 g -
0. 0u175 g -

(2) The Spekker lamp should be switched on 10 mins, before use in arder’
to befome gtabiliged,

(3) Batches of samples should not normally exceed 20 ag the "blark!
develops a colour slowly and it is advisable to empty and refill the reference
cells not mare than 30 mins, after the reagent was first mx:ad.

(4) The method is interfered with by traces of methyl acetoacetate and
also by impurities commonly mresent :in acetone,

ourification of Acetone

100 g KMnO, is added to each 5 gals and allowed to stend with occasimal
shaidng far at least 10 days, The mixture is then disbilled through e reflux
head, ‘ A )

quts for pu:pi‘by of agetane

(1) Agulhan's Test

Reagent - 2.1;.5 g 7 in 375 nl cane, HNO
distilled water,

3 (No ~free) and 125 ml

Tegt » 6 ml reagent and 2 ml acetone are mixed at room temperature, . .Blue
or violet colour shows impurities, The mixture should be allowed to stand 15 mins,
befare reparting absence of oolour, . ‘

(2) Eermenganste Tost

Oy1 ml 0,4 N KMnQ, and 40 ml acetone are mixed and allowed to stand in the
dark for 16 hours, No desolourisation should be shown,

(3) silver Tost (Tollen!'s Test)

Reagent, ~ AgNO, 9 g, N 6 g, amonia (0,88) 60 ml, aistilled water 240 ml,

If any mrbidi'by is noted, the solution should be filtered and if any further
turbidity develops a ﬁ‘esp solution should be prepared,

Test « 10 ml acetone, 410 nl distilled wnter and 2 ml resgent are mixed and
alloved to stand in the dark for 30 mins,, and the turbidity measured on the
Spekker using 3 om, oells and neutral (grey) sareens, If the Spekker reading is
mare than 0405, the test iz repented wn.th new reagent end, if conﬁnnea the
acetone is rejected, ‘
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G agents (cant'd.).

(e) By imdole (1955)

PRINCIFLE

In the presence of peroxide and in controlled alkaline conditions, amll
quantities of G gases react With indole to produce a fluorescent capound, .
Larger quantities of G gases give dyss of the inda.go type.

COLLECTION

As for G by dienisidine, viz. all-glass miniature bubblers charged with
2 1l of golvent (cycloheocanoi containing 5% of ethylene glycol monomethyl
ether) and operated at | litre per mimute, The cyclohexanol should 'be of
good quality,.dry,. snd 5.1c il between 158 and 16190, A

[

BRAGENTS

(1) Isopvopanol/water. L 431 nixture of LR isopropancl end distilled -
water, = The distilled water should be beiled to expel carbon ..
dioxide, if necesmary, so that its @H is between 6,5 a.nd. 7.0 and,
then cooled before adding the isopropanol,

(ii) Sodium perborate solution, 1 g sodiun 'oerboraﬁe :i.n 100 ml wa.tar.
This solution can be stared in the dark for up to 4 days,

(iii)Indole solution, 1 g indole (white orystals) is dissolved in .
mrified acetane, This solution if stored in the dark, is . - -
sta'ble for abou’c 1 week..

'ANALYTIO.AL METHOD

P

The finarimeter should be switched on 30 mins, before it will be req_uu'ed,
and the setting of the neuural dengity wedge should be checked befare coumencing
enalysis, using a standard flucrescent solution and the standard rea.da.ng on 'bhe
"heJipot" resistar, and moving the wedge if required,

The reagents ore mixed in the mroportions 23 nl-i; { mlij and 1 nl &34,
sufficient mixed reagent be:mg mrepared for about 20 samples and sevaral blanks
in one batch, The bubbler is made up to the merk (25 ml) with the mixed
reagent, the inlet tube washed and the solution mixed as in the'dionisidine |
methody Imach.ately aftor mixing, the solution g poured into the fluorinmeter
coll and placed in position in the instrument, and the "helipot" resistar is
turned until a mull point is shom on the Fﬁlvanometer, the rextirum reading
recorded on the "hel:.pot" being noted. The time from adding the mixed reagehts
to reaching the maxdrum reading is legs than 2 minutes, so that there mist not be
any delay at this point, 4 blank test 1s made us:mg the same reagmts, ut ’
without any G agent, ’

The amount of G agent mresent is found by reference to a calibratimm ourve, °

which shauld be prepared on the same day as that on which the sa.mples are
analysed,

NOTES: (1) The checking of the position of the neutrsl density wedge can be

ca.rrIed out using any suitable fluorescent.solution. Jnang those ao‘lually used,

have been:

Vaseline—-;zlene & fluarineter cell is filled with a solution of vaseline
in xylene, of suoch a sirength as to give a suitable reading, the ¢ell i covered
with a cover slip and sealed with shellac to prevent evaparation. This solutim
deteriorates slowly and should be checked against another standard at intervals.

- 76 -
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Pluoresesin i strong solution is reasonably stable, but the dilute
solution required is stable anly for o fow hours and should be prepared by
dilution from the strong soluticn at freguemt intervels (4 or 5 times daily)

(2) i modified technique has been used occagionally for §B, in which.
the maximm reading is not obtained until about 10 nming., after adding the
mixed reagents (which are varied from those used above) and is thus suitable
far batch working, This is desaribed in P,T,P,272.

'

- A typiocal ‘calibration isc-
PgGB 0,0 L7 83k 12,51 16,68
Reading 33 127 235 337 44O .

When it is desired to measure anounts of O.4 pg GB, a more dilute solution
world be employed than was used in obtaining the results quobed above,
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SECRET .
22, EYDROGEY  CY/:NIDE

() liagro Method (1954) o e )

"4

The Iiebig mothod of titration with silver nitrate is employeds
COLLECTION OF THE S/ITIE

Samples are collected in bubblers charged with Nermal caustie -soda solutiom.
RE.GENTS T e
(1) 01 N g0y -

(11) 0,02 N .(ng03

[

JNLIYTICAT, METHOD

The sample im washed into a beaker flask and titrated direct with either
01 N Agl\TO3 ar 0,02 N .ﬁ,gNO3 to the first trace of turbidity. The end-point is

made sharper by edding a crystal of potassium iodide to the solutionm,
4 =l 0,02 N Agno3 = 0,00108 g HON

() Micro Method (1954)

This has been desoribed under Cyanide (see previous pages)s
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23, _INSHOTICIDAL SHOKES
(a) IDC and FO '
(1) By hydrolysable ohlarine oantent (1952)
RINODIE o |

The’ ne‘bhod depénde én the dehydroshdlogenatio of then inseo‘blcidb by
boiling with alecholic potash the chlaride being estimated potentiometrnically,

COLLECTION OF THE SAITLE

The samples are taken in filters fitted with two layers of No.q1 Whatnan
filter papers

RELGENTS

(i) iR benzene (dry)

(ii) AR 3% alecholis potaih

(441) Ohlar':.de—free di.gtilled Water

(iv) BA LR aceticra.oid

(v) 0,002 N s:le‘er nitrate

(wi) ibsolute aloohol (chldr:.dc ﬁ’ee)
JETHOD

The papers are removed fron the filter end extracted with dry benzene in
& Soxhlet for half an hour, The benzene is then distilled off dom to about
3mly 5 nl % alcoholic potash and 25 nl absoluts alochol are then added, and
the mixtire refluxed for 20 mins., the solutimm afterwards being eva.poratod to
ebout 5 mL.

«fter cooling, a few ml of chlaride-free distilled water are added, followed
by 5 il of 5% acetic acid and the solution washed into the special t:.-lz'atim cally
The chlcrid.e is then tih'a‘l?ed with O, 002 N AgN’O as desaribed previously (see
Ohlaride), »

1 ml 0,002 N'AgNo., = 0,07 mg OL! ‘

. The appropriate conversion to mg DDT or Garmexane is then made accarding to
the hydrolysable chlarine content of the sample, . (AIthough DIT gontains 5 atoms
of chlarine in the moleaule, only ome of these is hydrolysable, remresenting

dbout 1074 of the weight of the molecule, In the case of HIC, three chlarine
atomg are removed on hydrolysis with alccholio potaah glving a. hydrolysable

chlorine content of 36,6%).

~ The 'imp;r:;ties ;uresent in )taohn,ical.sar.lples‘will algo ‘oonféin hydrqusa.’ble
chlarine, and this methed 1s aocurate anly to the extent that the -impurities are
present in the smcke in the same proportion as in the ariginal sample,
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Notes

(1) L'plank (2 papers) shaxld be extractacl and treated in the sange way as
the sarples, and this blank value alloved for,

(2) Heavy sormples tend 46 bloock-the-filter paper and care rmst be token
to ensure that the flow rate is constant throughout the sampling period,

(3) It is important that the alooholic sclution should not be evaparated

below eboaut 5 ul, othexrwlse the nolecule rny break up further, a.nd. errmous
Pesults be o'b‘ﬁained, T

(1) By Polarograph .
"2 (1) B0 (195%)

COLLECTION OF THE SAMPLE

'

As above,
METHOD

The sample is extracted as sbove but us:m.g aloohol :Lnstaad of 'benzene, and
the extract is dissolved in a solution.of 17% potassiun chlaride .and 0.1% gelatine
in 50/50 ethanol/water, & suitable aliquot of not moare than 5 ml is placed in
a mreviously calibrated cell containing a quiet neroury: pool and a gaturated

ca.lomel elenent (Doran dip type).

After de~oxygenatim, a polarogran is taken ‘oetwaen -O.Bv and -1 Gv the wave
height and sensitivity noted and the resilt read: off fron the oalibz'atﬂm ocurve,

A calibration between 0,001% (50 pg) and 0,01% (500 pg) has been shom to be
linear. .

(2

As O.'bo;fecl 4
LETHOD

. The papers are exiracted in a Soxhlet with aloohol for half an hour, the
alcohol then distilled off almost to dryness, The extract is dissolved in a
solution consisting of 607 isopropancl and 407 of 2,54 tetramethylammonium oitrate
in water and conialning a trace of gelatine. A suitable aliquot of not mare than
5 ml is placed in the cell with a drop_p:!.ng mercury eleotrode und a quiet mercury
pool, W SR

After ‘de~axygenation, a polavogran is - tnken' ‘bétween ~0, By and =1 6v, the

wave height ond sensitivity no‘bed and the result rea.d off ‘@ the caiibra‘bim
ditve,

- A colibration firam 03017 to- 0.0% ha.s been ‘pi'epared. L

The technique used above for Gammexane with the quiet mercury pool replaomg
the dropping tieréury eledtiode and nlso using o saturated . og,'l.anel elec'l:rode, may
also be more- ccm'e:nient for DHL‘, but’ ha.s not bean testod. E

.

.




[P

—

e s e o T S i e

g e g e g - s

.

SECRET
INSECTICIDAL SHOKES (cont'd,)
(v) mNOg (yre 1946) R o
TRINGT St N Lo . Do . R ) n .

Caustic soda reacts with INOC to give a distinctive colour Feactian, :

COLLECTION OF THE SIMFLE

Samples are token on Noe1 Whatman filbters as described for DDL..
RegmTS N ”
(1) Abso]ufe alechol
(11) 54 NatH (ﬁ‘.eshl&wptlreéafed)
ANATYTTCLL METHOD

The samplos are extracted in Soxhlets with sbsolute alcochol, and, after
cooling, are wade up to a knom volupe vith alcohol.. A su:.i;e:ble uliquot porbicn
of the extract, containing between 0,05 and 1,0 ng INOG, is diluted to 10 nl in
a dry tube w:.*bh abgolute alcohols | .

1wl 5 agueous sodium hydraxide is added and the colour read off im nediately
in the Spekker, using No,7 dark blue filters, : ,

IYPICAL CALIERATION

ng TNOG 0,05 0,40 0.20 050 0,60 0,80
Spekker Reading 0,15 0425 043 0.63 0,77 0,38
Notes

(1) Olean redistilled industrial spirit may be used far the extraction
instead of absolute alcchol if the calibration curve is made with the same solvent.

(2) in iodiletrie method for INOO is given in Ministry of Agriculture end
Fisheries Teohnical Bulletin No,{, but this has rot.been tested at Parton,
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SECRET
2he  MANGANESE SULPHATE

UE

Manganese sulpha'be solution has been used. as a substitute weapon charging,
in cases where it was desired to use only a very small amount: of charging and
therefore great sensitivity was required in the amalytical msthod, . '

FRINCIELE OF THE MEDHOD

¢

The mangenese is oxidised %o permanganic acid which is. then rea.cted with y
teframetnyldn.anﬂnodipheny]methane o give a blue oolour. S

COLIECTION OF SAMPLE - ' -

Semples are collected at apmroximately 1 1/min, in all-glass miniature - -
bubblers, charged 5 ml special distilled water (see below), The bubblers and
all glassware are repared far use by washing first with dilute hydrochloric
acid, then with tap water, and finally with special distllled water, .

ANATYSTS,

Re_agent :
All reagen'bs n,re pur.r.fn.ed. to be free of manganese. ‘

(1) Glass-distilled water is used in all operata.ons, and for final '
washing of glassware, L .

(ii) Tetramethyl diaminodiphenyl'iothane ("Tetrabase™) 1/ solu’aion
in acetone, yrewared fresh daily,

(iii)Saturated solution of Potagsiun periodate in water, prepa.red.
fresh daily,

{

(iv) Redistilled glacial avetic acid, '
(v) Buffer solution:

100 g sodiunm acetate ‘
© 4 g sodium phosphate T
4 g calciwn chlaride ). dissolved in 540 ml water,
5 g sodium carbonate . P o
5 g sodium bicarbonate

UQGQOQOQ

20 g caleium carbonate ave added, and the vhole is amtoclaved at 120°C far
3 hour, . #
q .

The mixture is filtered hot, and the filtrate made up to 4 litre, 50 ml
of the solution is titrated with glacial acetic acid in a i meter to p 4,8, i
!Bhe calculated amount of glacial aocetic acid is then added to the whole bulk .
to bring it to this mH,

MFTHOD

b ml acetate buffer is added to the sample in the bubbler, and the inside
of the stem im washed by blowing into “he side arm so as to foroe the liquid
up the stemy This operatim is repesated to ensure that any manganese salt
impinged o the inside of the upper part of the stem is washed into the bubbler,
The stem is removed and drained as far as possible, and the contents of the
bubbler mixed with a glass rod plunger. The bubbler is placed in an ice~water
bath for 10 minutes, then 0,5 ml potassium periodate solution is added and mixed,
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1 1l 0,1% solution of totrabase in acetme is added, the solution again rixed
and. the oolour road at maxirun deoveloptent in a Spekker Absorptionetor using

Spectrum Yollow 606 filters, LA 1 o, ar % cme cell is used according to the
apparent depth of colour cbtained, =

If a reading in excess 'of 048 in-the 1 ai, cell ia expected, an aliquot
portion st be token, diluted to 5 ml with water, and treated as above,
o T Lo

K

TYPICAT, GALTBRATION e R o L
pg Mangenese 0,0 0,025 0,038 0,063 0,40 0,20 0,30,
Spokker Reading 0.03 0if05 0,135 0.25 0,32 0,595 0,86:

1 CI, Gell e . [ . TR t N . [

b o 2t - Ch

}18 Hengsnese ;. 0,20 o“).,,00w50 ,'6’80 A .OO 1'50 2400 L
‘Spekker Roading 0.145 0.26 0,57 O.bk5 0,50 0,635 0.72
025 Gl OBLL. - 0 it R

v - R [ .

T S

NOTES

(1) Vhen the smaller size Spekker cell is used the calibration is a curve
and not a straight line.

(2) 1In view of the extreme sensitivity of this method, it was found advisable

to spray the whole layout with water befare the trial to reduce the possibility of
dust being sampled, The bubblers were also protected by filter paper caps

uniil irmediately before the triel.” Also, in order o reduce the risk of
exiracting mengenese from the glass, the bubblers were not charged until the

day of the trial.

(3) A method developed by J.A. Adan (Chemical Inspectorate Repart No,72)
using leuco malachite green instead of tetra-hase, has several advantages over
ths above method,

The buffer is simpler and does not require tedious mrocessing, including
autoclaving and the colour develops to a maxirum, which is stable for at least
10 ming,, whilst in the above method a fleeting maxirum has %o be observed and
roasured, 48 recomended by hdam, the range of concontrations of manganose
measured by the nethod is very sirilar to that of the Parton test, but the
mnethod cen be rade éven nmore sensitive by reducing the total volume used and
reducing the strength of the buffer solution, as given below:-

REALGENTS

(1) Buffer. 25 ml of inalar acetic acid =nd 8,2 grams anhydraus
tinalar! sodium acetate made up to 41 litre,

(ii) Periodate., 0.115 g potassiun pericdate in 50 ml,

(4i1) Leuco base, 0,05 g -leuco Malachite Grean dissolved and made
up to 50 ml in acetone,

METHOD

To the samplé of manganese in b ml speclal distilled water, 2 ml of buffer
are added, mixed,then 4 ml of periodate is added ond mixed, and the gample
allowed %) stand for 5 minss Then 0.2 nl of leuoco base solution is added and
mixed and allowed to stand far a further 30 mins. before the colwour is read in
the Spekker, using the 1 cm cell and the Ilford 607 orange filters,

; - 83~
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The follmring cah’bra’cim curv‘es were obta,ined-

}1g In "Spekker Read.ing " liean

0,0 18,5 22 19 20, 20
0,01 3945 43 38,5 1.5 40,6 .
0J02 B3; 62,5 '57. 56, 5 b2
0,03 .‘81 5 85, 83, 78 3169 -
0.0k "99i5 103,5 100.5 9k 99,4
0,05 119,5 118, 116, 112,65  116,5

Far samples expected.to conbain mare than 0.05 pg 4In either aliquoting,
or reverting to the use of the stronger buffer solution wcul:l be naoessary.

With this extrene sensrbzvity, mter care mst be taken aith regard to
the cleanliness of apparatus, the purity of reagents end distilled water, and
the prevention of contanﬂ.natim of the samples by dust, eto,
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o | Z. JETL ACHTOORTITE ‘(1.?54)_

I/Iethyl acetoacetate (mm) has vory similar _pbyaical m'operties to [5:] and is
used as & substitutes e

HZDICIEUJ OF THE METHOD

’ The nethyl ace'boa,ce'bate is oou;pled. with cl'la.zotlsed 2.5 diohlcroanil:lno and

-nade alkaline to g:.ve a broyhish colour,

COLLECTION OF THE SilfPLE

MAA vapour is sampled at {1 litre per mimute in miniature tubblers char%Fd
with 5 nl of water, The "slip" is 45 for 10 minute sampling periods at 60

RELGENTS - i '
(i) Diazo solution: 4,6 g 2:5 dichloroaniline and 6 ml of: éono, HOL. are
placed in a 4100 ul beaker, 5 ml of water added and warmed gently wuntil the
whole of the base is converted into hydrochlaride (a white paste), This is
stirred gently with a glass rod., a further 20 ml of water added heated and
stirred till all the hydrochlaride has dissolved, The solution ghould be pale
straw coloured, It is cooled rapidly with skirring in an ice and water bath
to below 15°C and o solutimm of {1 g sodiun nitrite in 5 ml of water added,
The nitrite solut:.m should be added quickly with stirring and not allaved to
touch the sides of the beaker, oxr badk coijling will ocour, The solution is
filtered from fraces of insoluble matter :mto a dark brown bottle and stared
in a cool place out of direct light, The solution should remain stable far
at least 4 hours, ' ' - L -
(i1) Isopropanol — NaGH, 220 nl isopropanol, 4100 ml N NaCH and 90 nl water
are nmixed end stored, The sol!ﬂ::.on becones d:l.scolou.red on stending in conta.ct-
with rubber; hence rubber r‘mnec‘bicms should, be kent to a mnimm. n

| SPROLAL ATRARATUS R

The iaom*opemol ~ NaCH reagent is charged :.nto the apmrams sho.m :Ln
Fig.2g. , ‘

0.5 ml of dlazo solutian is added to the tubbler contents from a Hipette,
and mixed,

20 nl of the ilsopropencl ~ NalH reagent is added as quickly as possible -
from the special antomatic pipette, amd mixed, The firgt filling of this
pipette should be run to waste to clear any reagent that has been in cantact
with rubber, The glass tube extensian is fitted into the bubbler to deliver
the lsomropanol ~ NaCH solution to the bottan of the bubbler, The pipette
emptying tap is opemed with one hand to discharge the contents rapidly into
the bubbler and the bubbler is moved quickly up and down immediately aftexrwards,
using the other hand,
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The red colour obtaj.necl is read on the Spekker sbgorptioneter using the
spectrun blue 603 filters, against a blank solution prepared from 5 ml of water,
0,5 ml of diazo sclution, and made up with isopropancl - No(H from the a.utmat:.o
pipettes Readings are made 4 minute aftor addition of bhe reagenﬁs, uging the
appropriate Spokker cell according to the colouw,

If the colowr is too deep to be read in the 0.25 o 661l (i.e. over 700 ug
M'Jx) the 0,25 mm cell can be used and the range, extended up to about 10,000
pg Mik, With these greatér quantities, however, the reaétion does not obey
the Boer-Lanbert law and the amomt of M.A has +0 be found by referecirice to a
calibration ocurve (which is not linear), ,

- . P roa

O;.LIBRJJ.‘ICN '

Typical results are as Polldiws:~
pg ML 7 1. 28 57 85 A3 285 428 5N
Nott Spokker)3 am 0,115 0,25 045 0.9 '

ey

Reading J{ an 046 0.33 06 0,80 |
0.25 ari o S 0.0 o 0,59 8,79
g ML o 1,400 2,.'8‘06 4,200 5,600 8,400
Spekker Reading 0,20 ' 0,39 0,55 0,68 0,84
0,25 1m cell

Notes (1) ‘The’ accuracy of the me{'hod depends on the technique of adding the
Teagents and mixing the solutim, and operators shoild always have soame practice

in the analysis using knom samples befare proceeding to eXamine samples from a
trial. .

(2) If any apparatus vhich has been used far M is to be used f£or G
agents, very special ocare should be taken to wash it tharoughly, sincs a trace
of M J,nterferes seriously with the analysis of G agents by the dianisidine
method, .

£
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26, METHYL SiLIGYLLTE (4948)

Methyl salioylate has been used as a substitute for imstard gas,

IRINCIELE .

When phospho-tungsto-molybdic reagent 1s added to a phenol and treated w::‘ah
sodiun carbonate, a blue colour is produced, proportiomal. to the amount of -
phenol present,

COLLECTTON OF THE SiMPLE

Satples are ¢ollected in bead tubblers containing 15 il 0,4 N NaH,

In same cases a filter is fitted in front of the bubbler to exclude dust,
and in these cases, sanpling is contimued after the cloud hag passed to ensure

that any droplets of methyl sal:.cyllate have evaopora.’ced and are not left on the
filter in droplet form,

REGLGENTS

(1) 0s1 N NaGH (0.4% aclution)
(i1) Thenol reagent: 100 sodium tungstate (Na WO;) and 25 g sodiun
nolybdate (Na21\40°42120) are dissolved in 700 nl water. 50 ml syrupy (85%)

PhOS'OhOI‘lO acid and 100 wl conc, HCL are added, and the mixture refluxed for
10 hours’using a reflux ocondenser with a gr'ound glags joint. 150 g lithiun
sul_phate, 50 ml watber and a little bromine are.added snd the mixture boiled
for 15 mins, to Temove exoess bromine, It is then cooled and diluted to
100 nl, o ‘ - '

The reagent is yellow, but should mot have any green tinge. . .
-(311) Sodium carbmate solutim: 15 g Na, CO; (a:hyﬂrms) in 100 1l water,

ANATYTICAT, METHOD

in aliquot of the sample (containing not more then. 0,1 mg ¥8) is transferred
to a tube and made up to 10 ml with 0,1 N NaCH if necessary.

1 ml of the phenol reagent is added and mixed, then 3 ml {157 sodium carbonate
and mixed again, The tube is then placed in a water bath or incubatar at asbaut
37°C for 20 ming, The blue colour is read on the Spekker using the No,2 red
filters, i blank determination using 410 ml of the same O,1 N NaQH and all the
other reagents is made with each batich. of determinatims and the alfference between
the two readings referred to the calibration,

i b

Notes (4) Sufficient 0,4 N NaOH should be prepared to £ill the bubblers and

Tarry it the analysis, 1,0, the whole procedure should be carried out with the
same golutdon,

(2) The polution should be mixed w:.th a glass rod~ the thurd should
not be plioced orer the tubey Co

CALTBRATION

A frosh ocolitration awve should be prepered for each batck of phenol
reagent, Since this roagent deteriarates slowly with storage, a'few pointa
o the calibration curve should also be checked with each batch of determinatioms,

tid e 1 e




 ANATYTTOAL, METHOD

.
SECRET.

21n MUST:RD GiS

(2) By DB~3 (1954)

PRINCIPLE OF THE }METHOD

The active alkyl halogan group of rustord gas cauples with DB-3 ( ¥ p-nitro-

benzyl pyridine) to give a Blue ar violet colam when made alkaline,
'COLLECTION OF ME SIMFIE . L |

All-glags mindature bubblers charged with 5 1l of dyolchaxanol, containing
% methyl cellosolve and operated at {1 litre/rin, are used. ‘ R

The slip varies with the %ime and temporaturc of saxpling as ghom in the
tables
T N . cpsup ¥
| Temparature | Time of Sexpling (ians,)

°p 151 45 60 | 120 .
]

70 3l s 5 7
90 3 5 |v 7 q0

) (:i.) Qy’qlbhéxanél, cczxta:l.m.ng 5 nethyl ioellrosolve.
'(ii)‘ ibsolute aicohlol.“ o B '
(ii1) 10% w/v DB~3 4n sbsolute alochol.

(iv) Buffer solution: 0.33.g phthalic acid end 3 nl N NaCH scluticn
in 100 ml of golution,

(v) Perchlorate buffer, To 400 g of rearystellised sodium perchlorsto™

A

50 nl buffer solution ig added, the mixturs Warmed. to roon terparature ,

and then diluted to 100 nl with water,
(vi) Piperidine,

- Immediately mriar to analysing a batch of samples,; a "mixed Feagent" ig
prepered in the following mroportions by volume: h :

2,5 ml cyclohexanol

755 ml sbsolute aloohol

240 wl DB-3 solutian

2,0 nml perchlarate buffer ) '
It is found oonvenient to process the samples in batohes of 30, in which case
the above quantities should be miltiplied by 35 to allow for wastage,
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mugtard gas in the gample be even greater than thi

e a—— ——

¢ . .

. To each bubbler, 14 ul of the. "mixed. reagent. is added.fron.an antoratie -
pipette, the bubbler stem washed in the bubbler contents by repeated dipping. ’
and draining, and the solution then thorcughly rixed by means of a plunger 3
stirrer, vhich is left in the bubbler for further use. ! o
' The bubbler is ther placed in a water bath thersostatically controlled at
8090 For 30 nminutes, cooled by standing in & cold water bath, 1. ml of piperidine
is added, the oontents, are well mixed by means of the glass rod plunger and the -
resultent colour is neasured lrmediately in thé Speldkexr 9bsorptibmj;er‘usin~g‘ s
the Spectrun Yellow 606 scrcens and the appropriate cell, either 30 rm; 10 rm,
5 m ar 2,5 m according to the depth of colouxr, : o ) ‘

- If the golour is too deep for the 2,5 1m-ocelly (ivee the dosage (0t) im over
50 mg.mn/pg) the colour can be read using the special 0.25 m capillary cells:
?these capillary cells bave a detachoble front surface which is removed for .
--cleaning and refilling, and are supplicd by liessrs, Tintometer Ltd. of Saligbury),

With these cells, the Spectrum Yellow 606 screens c%n be used far readings
correspanding to dosages up to gbout. 6,000.mgemin/m?s.  Should-the amount of

A ‘ By the Spectrurt Red: 608 sorcens
oan be used for dosages up to ebout 1 6,000 mg,min/m% but: in this case the amamt
of H w1l have to be found by reference to the calibration curve,

A certain amount of practice is required in filling the capillary cells
quickly, before the colour begins to fade;  hence, if high regults are expected
fron any trial, all cperatars should carry out calibration ourves with these
colls befare analysing the sauples,. o L :

L . . e e .
NOTES: {1)” If the perchlorate has not been efficiently recrystallised, both
; this solution and the mixed reagent may require filtration befare

use, o o ) o

'

T
!

i i { . .

: o N '

(2) . The mixed reagent rust be prepared for each batch -Of -semplea;, 1t
mst not be stared mixed, i A

(3) The final volume of 20 rl was chosen bscause this is Just:sufficient
| to f111 the 30 m cell of the Spekker, and also, with this volune,
: the liquid level in the bubbler is beldw the: level of the water in
' the thermostat baths L T e

o ’s

i
'

QALTERATION. .. . i

4 solution of pure mustard gas in eyelohexanol is prepared (e.gs 0,5 g in’
50 1il) bnd subsequent dilutdions from this are nade with 50/50 cyclohexanol/
absolute aloochol mixture, The stability of migtard gas in cyclohexanol has been
found to6 be good for seversl days and that in the oyclohexanol/absolute alcchol
good for 24 hours, : g ' - : '

Aliquots far the calibratian are meamured from a micrcoburette into all glass
bubblers, diluted to 15 ml with oyclohexanol/sbsolute alcchol, 2 ml of IB~3 solutia
and 2'ml of perchlarate buffer solutian added, then stirred, and the jrooedufe
carried cut as aboves ' ' '

A set of typical resudts, using the four different sizes of Spekker cell
with the Speotrunm yollow 606 sdrodns, is as follows:




[ Y

SECRET

30 m Cell 40 m Cell 5 1 Cell 2,5 m Cell
pgH | Roading pgHE | Roading | pgH | Roading ng H | Roading

00 | 007 T | 00 T80z | 00 o0f [ o0 | o0
8o 0,28 | 26871 0u235 " | s8] o215 | 107 | b5
178 | 0.235. | 53,5 |.. 043 107 | o4 | 2k |. 0405
260 0,645 * ‘80-3, o 07615| 161', ' ,0-595 -3 10,58
1357 | 0,85 _107.' o8k | 0795t ko ] 0.7
Wn6 1 1a01, Ak | %027 |2 0,99 | 488 1 0,78
| 535 | .22 [ A6fe 1o 2490 [ 320 | 4a45 7L 5351 0.9k

Pactar 46, i3 ol e T s

‘ | o o Avora.ge po&r;or's'im factar 45k ‘

o

'J.‘he conversicn faotarnis 'bhe anount: hy which the Spekker rea.ding ‘gt be
mltipl:.cd to give e, and for the 10 mm, 5 i ‘and 2.5 m oolls ha.s bcon oalmlo.tou
- baock to. the 50 i 03 cell depth. e T ‘ . , . ‘

i pet of typ:.cal results using the canil]ary cells is given below together
with a calitwation done at the same time with the saiw ¥eagents but using a nare
dlute solut:wn of Tmatard gas and thé 3 an dells, With these 1r'ea{;en't::&s the
results for the ¥ on ocells wars difforent fron thosé qp.oted. ébove; This -
discrepancy brings out the need for recalibration with each new batch of reagent.

- Spectrun Yelllow: 606 soreens ' Snec’mm Red 608 soreena Llee
Jomocells | 0,25 ma Cell ' ' 0425 rm Cell
ng H ‘Reading | ugH ‘Reading | He H, Rea.dirg
0,0 | 008 | | D
95 0s245 | 1260 0,18 3150 Ou17
719 | 0 ] 45201 0,365 6300 - Eo.za5
. . ‘ . - SN I A o 04305
. 28,5 | 0,555 | 3780 | " 0.535 | - -9450 .| 0,385
38 0,715 5040 04695 - 42600 0,485
47.5 0,90 6300 0,835 15750 0.56
57 1,025 o
Faotah 60 7400 No factar - ouzrve |

. It is noted tﬁa:b the oaJ.ﬂx atic wi‘hh the 0,25 m oe]la and, the yallow 606
soreens gives a sf.raight Iire up to abaut 6 000 H and the factar in this case -
7100 - is(within he Limits of experimental error prqportimal to that for the

3 o gells (60) 1s0e 60 X 120 = 7200,

“This, the colcur obeyu Beera I.aw aver the whole ra.ngc of omomtrations '

fron 5 to 6 000 ng H and the appropriate oell may be used: with the same factear

( corrected Tor cell size) throughout,

With the Spsotrun Rod 608 sareens the oaJ.ibratim pod.nts e m a curve
80 that a omversim factar cannot be applied and reference mast be made to the
curve for each result,

Refarences 0.8.R,D, 14288
2,T,P, 380
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COLERCTION (F TEZ SITTE

Tae scople £ tokem 25 ..iire Ter mirude arch Tre all-giasy mEntata .
Eslers In serfes, cach charged %5“" off 503 acetie adddy

ot T 1]

(1) Sfiiver cell - 0. ¥ <ilver nitrate (for the electraretrdo bethod coky)

(11} Brazine solntion - 4 saturated scintiam of puve travdne dn Qut B
hydrochlaric acid is mrepered by shaking and allowing to stands '

(411)Pilute tromine sclition far titratio = {1 wl of the satwrated Trine
soluticn, as above, is diluted to 200 nl with dllute acid (10 m). ooy |
32504 and 1,5 ml omc, HOL in 2 litres watex), Thia sclution ahawld i

be mepared freshly and not used if nare than 3 hoaws oldy

JNLLYTICAL 1TBIHOD

The samplo is paured into the #itration ocell, and the tubblers washed oy
with distilled water which is added to the sarple, Brordne moluntdtn da added
slovly fran the burette until either the mothyl red ia deacolounimed, o the
galvenometer apot suddanly shows a wide and rapid defleotdon,




SECRET
MISTARD GuS (oont'd,)

(v) By titration with boouine (1954)

T

IE
" ZRINOIVLE OF THE LETHOD " {

The rustard gas is titrated with dilute bromine and the exoess of cxidlaihg
agent at the end point is dndicated.either by decolourisation of methyl red, o
eleotronetrically, . Resilts can be -cbtained very rapidly. R

w0

Ceae e

(LTIRATUS 4ND TIECTRODES (far electranetric method anly) -

The arrangement of oell;  astirrerr, galvanopeter; and burette is exaoctly the
sare as that already described in the potentiometric mothod for the detarrdnatian
of chloride, except that the gharting switch and resigtance between the electrodes
and the golvanometer is omitted.

Bleotrodes: The electrode in the titration cell consists of a small piece of :
L rlatinun foil, 4 x 4 mm, welded on fo a platimn wire lead on the end of a
o glass tube 4n the conventional parmetrs . '« Little mercury-is placed in the
' glass tube to uake cpntact between the plavinum foll and the wire lgading fo:
the galvenometer, The rcforence half-coll congigts of a pieos of pure silver.
rod immorsed in 0,4N silver nitrate solution,

. Once yropored, the electrodes must never be allowed to become dry, but mst
. be kept irmemsed in their respective cell solutionse The platinun electrode
i should be cleaned and prepared, by iumersing for a few minutes.in boiling nitric
. acid (cme,) and then washing well with distilled waber,. .It should than ba
kept immersed in dilute aaid (40 ml cone, H and 1,5 il cone, HOL in 2 litres). :
The silver electrode should be cleaned by polishing with fine crery paper, 3

iftar olsening the elootrodes, it is dosirable, if possible, to assemble
the coll, and leave the electrodes camected together through the galvanoueter
far several hours, Failing this, several titrations using a standard solution
of mszard gas by have to be dmoe befoare the electrodes are in a uscble
candition,

«  COLLECTION OF THE S/3CIE ’

. The sarple is takem at 1 litre per minute through two all~glasa rdniature
i bubblers in series, each charged with 5 nl of 505 acetic acid,

RBAGENTS

(1) Silver cell ~ 0,4 N silver nitrate (for the eleotrametric method only)

(i1) Bramine solution - i saturated solutimn of pure bromine in 0,1 N
hydrochloric acid is mrepered by shaking and allowing to stand,

_ (i11)Dilute bromine sclition far titration — 4 ml of the saturated bromine
i solution, as above, is diluted to 200 nl with dilute acid (10 ml canc,
| sto4 and 145 ml cane, HOL in 2 litres water), This solution should

be mrepared freshly and not used if more then 3 hours old,
ANATYTICAL METHOD B

The sarple is poursd into the titratian cell, and the bubblers washed aut
with distilled water whioh is added to the sarple, Bromine solution 1s added
slovly fraz the burette until either the methyl red is deocolourised, a the
' galveanometer spot suddenly shows a wide and rapid deflectian.
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L célibration curve should be dravm for aach. new batch of dilute brordne
solution, using o standard solution of msterd gas % 504 acetic aocid and
titrating neasured amaunts, There is usually a small blank an the acetic acid,
Typical results are:— A Yo ‘ i .

g MH" 0.0 0,05 0,10 0,20 0,30 0.40 0,50
ml Br solne 0,25 0455 0,85 1,50 213 2,75 3,35

Notes -

————

L ' . T . A ’ s
The method is not BPQC’.LﬁO and ‘any reducing agentiwill interfere, Trable
has aeen experiehced when uging bubblers with rubber bungs; from tra.ces of rubher
from the bungs.

[

References’ 0.S.R.De 4O . . o 3
WD, (Aust,) 68 o :
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‘SEORET
HUSTARD GAS (Cont'd.) |

(o) By ohlaride titretion after shsorption on silica gel’ar on dharcosl (Bre 1946)
: i ! K = Y A

" IRINCIFIE -

7 The. solid abscrbent in the plastic tube gives a veny canvemiamt Way of feling

large numbers of samples, Silica gel was found satisfastary in England, but with
the higher temperaturss and humidities in the tropics, the gel gbsorbed so much
water that the slip of mistard gas through the tubes was pxoessive, - Charcoal
was found o be mare suitable for tropical.use, . However, charcoal retains same
of the H permenently, so that dosagés of less theam 50 mg.mdr/md were doubtful and
for those above 50 a combined slip and sbsorpticn carrection factar of 4,43 had
to be applied, :

The gel or charcoal is extracted with potassium nitrate solution and this
extract tifrated potentiametrically far chlaride (see above), The method is

" non-specific,

Reference P,R, 266k




MUSTARD GiS (Cant'd,)
(9 Bridoplsttnate T -
Bmoms 0 T T

The mustard gas is collected in bubblers containing 507 acetic acid.. This
" solution liberates iodine fram sodium lodo-platinate, the :I.od.‘l.ne being determj.ned

soolorimetrically with starcs

References .2iliy 19 ‘
"+, Suffield Technioal Nmite 97
ol o : .
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SEORED
28, NICKBL (1950) .

UsE

Nickel is used as a characteriser-in nethyl salicylate when there is a
risk of decorpogition of an organic chiracteriser,

The sample is treated by a wet axidatim process, basified with ammonie and
filtered, A suitable aliquot is then treated with dimethylglycxime and the red

oy

P A LTI

COLIECTTON S e

Ueater sunples These will narmslly wnsist of sand or eerth.
A.reasamgles May consistof folt pgas‘:&,fwes; L

RRGEMS B S
(4  Cono, nitric acid. |
(ii) Ammonium hydroxide,
(141) 4% Dimethylglyoxime sdlution in ethanol,
(iv) ' Bromine watera

ANALYTIGAL }METHOD

Sand _samples

4

A suitable weight of the sand according to the contamination (e.g. far
25 pry shell ~ 10 g for skimmed samples and 30 g for deep crater. samples), is
aocurately weighed into a amall (50 ml) Kjeldahl flask, Cano. nitric acid,
5 ml for each 10 g of aand, is then added axd the mixture boiled far 3 = 5 mina,
with vigorous shaking, The mixture is then diluted with 5 ml water, cooled,
nade strongly alkaline with armonia and filtered through a Buchner funnel fitted
with a Nos{ Whatman filter paper voated with a little "Celite" £ ltar s
The filtrate is transferred to a 50 ml cylinder and with washings made up to
50 ml, A suitable aliquot portim is taken, 3 ml of 0.880 ammonium hydroxide
added, diluted to 40 ml with water, and 1 ml of 1% dimethyl glyoxime in ethanol

.added with stirring. A few drops of bradne water are then added, the volume

‘made up to 50 ml with water and alloved to stand for 5 ming,
' The oolour is measured o the "Unj.can" SP, 350 Spectrophotometer at a

‘wave length of 520 ma (A). A similar aliquot without the addition of W
B)e

reagents s diluted to 50 ml and its colour measured to give the blank
The welght of nickel is then caloulated fram the difference befween resdings
A and B, by reference to the oalibration ourve,

Folt Padg

The felt pad is extracted with chlarofarm, This should be dane.os
somn as possible or resinification of the nickel campound way take place, The
chloroform is eveparated off, 5 ml of nitric acid added and the mixture heated
$0 100% and then transferred to o smll Kjeldshl flask with further washings
of hot nitrio acidy The acid is evaparated down, sulphurio acld added and
the heating continued 411 the oxidation is campletes The liquid is then
cooled, dlluted, made ammoniacal and treated as above,

s+ e = 3¢ . — -




Calibration Curve e

" golution diuted to 100 1L, “then aliquots of 1 to 5 il of thig culuta sglutim

0.6730 g Ni (NHI“)Z (sok) 8,0 &5 mado up. to, 1 111::'0, 10 makof: this. .

tronsferred o 50 ml ﬂeasuzins cylinders and the coloar developed as a’bove.
Determination of Nickel in the Shell Charping UL
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A suitéble’ anount of charging (0,5 g) s notiratoly weighed-into a*smmll
weighing bottle and transferred by neans of chloroform. to a 100 nl beaker,
The chloroforn is carefully’ cvaporated off, oanc, “nitric acid is- aﬁ.d.od, tho
mixture boiled for 3 rdns., and.then diluted to 1 litre and the nickel.
determined es already described, e
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i ; ‘_T_ho‘:\‘f;i,trogen msta;'ds can be “gst:l_‘-.r.la‘x‘t,ed..'by the use of DB=3, .

A i L L g o' : e N SRR D O RT "-":". oL
. © - The nethod used previously was to sanple the vapour _1;hrou.g})l bubblers
“oontedning an agidified sdlution of 'DB-3, '

8ea_above); Wauld be n

to be worked out,
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SECRET ..

29, NITROGEN MUSTLRDS FEE
el an a othon axs, -cellosclve and ethylens glyadl, -
. butis it dongidered that a nethod gimilar't¢ that used for mstard gas -
are pulteble, " 'Tho' tiie,of hoating ‘the ;golution would

for H and precise d.e;l;gil,g’ wonld have;
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SECRET
30, NITROUS FULRS (1950)
PRINCLPLE

The method is baesed on the fomation of o diazo capound by the action of
nitrons acid, liberated from the nitrite in acid sdlution, with sulphanilio

acid and the coupling of this ocq:amd }rith umphtt\ylarﬂne to give a vidlet
colour,

COTLLECTLON RS '. L

) No satisfactory a'bsw'bmf.‘ far use in bubblers exists and sa.r.xplos ara collected
in evacuated bottles to which 15 nl cxt‘ "mitrite free” sodium hydroxide, 57, aqeaus
solution ds added’ before ev'aaza.t:mg. ' THe gides’ of the bottle are wetted writh
this-sclution before and 'again after sqmpling, and ‘the bottle is, allcmed to

stend Por &% least 45 mihs, ‘befors anaJysis 1P the sanpla is madil3 ‘and’ far
5hous 3£ NO s -expected o be prosent,  (With NO a.t 1 4n 100, o;'§ txidq.tlm
ooours :mJ§ hours)e- " i a Jy » :

If sarples are required from inacoessible points, a length of fair:i.y mall
bore tubing is used between the bottle and the sampling point, This is olesred
by taking a sufficient nurber of strokes with a suction punp inmediately before
connecting to the evacuated bottle and teking the saxple,

REAGENTS

(1) Glacial acetic acid,

(1) aNaphthylanine — 0,25 g 4n 450 ml dilute acetic acid (70 nl glacial
acetic acid + 500 nl water),

(i13) Sulphanilic acid 1,25 g in 150 rl dilute scetic acid (as above),

Solutions (ii) and (4ii) should be stored separately, tut can be mixed
together in equal proportions on the day of use.

METHOD

The liquid is transferred from the bottle to a graguated flask (50 nl size
if the sample is expected to be small, 100 ml otharwise), the bottle 1s washed

aat and the washings added to the flaalc. The volume is then nads up to the
nark.

zg nl graduated flask sre placed 2 nl of the rixed reagemt((ii) and
(111) ab 2,5 ml glacial acetio acid, a suiteble aliquot of the sample, and
water to nake up to 25 nl,

The mixture is sheken allowed fo stand for 20 mins., tranaferred to the
Svekker oell and the colour intensity maam:.re& using the green filters No,60h.

QUL IBRATTION

in agueoug solution of sodiun ar potassiun nitrite is mrepered cmtaining
0,001 g NO, radical per ml and suitable aliquots used. Separate ocurves should
be pvepared for the 3 ang, 1 om, and 0,25 cm ocells,

Blank readings should be carried out on the "nitrite froe" sodium hydroxide
used as the absarbent,

Note: Nitrogen peroxide rescts with scdium hydroxdide to give an equimolecular
mixture of nitrite and nitrate, -
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2 NO2 + 2 Na(H = NaNO2 + Na'N05 + H20o

Hence the weight of NO2 gas mresent initially is double the welght of nitrite
radical measureds

‘ ; u’.}“&:E:'Lcal curve - 3 cn oell,
g N0, (gas) 0 0,004 0,008 0,016  0.020

; Spekker Reading 0,03 04485  0.305 0,505 0,505
y (3 om cell)

Note: This mothod cauld mrobably be improved - of, inalyst 1951, vol, 76, P.59'9.

——————
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SECRET
31,  FHENYL ocNAPHTHYLAMINE NP (pre = 1946)

UsE

+NAP 1s'used as o characteriser ih the estimaiion of droplets,.. It is nare
soluble then most dyes in'rmany. agents, andy being o dye intermediate;. .it is also
moré sefisitive, . It'as ohief use to daterhas been in the estiniation of dropleis
collected on cascede. impactar slidess™ ./ .: - i o T AR

X "
cod a o) FREE TR

Ml . Tl

The phenyl onaphthylamine is coupled with diazotised sulphanilic acid and
the colour measured, B R b B

o o gt

COTLECITON OF. S/MPLE
: : IR

NAP i; uséd.‘ mainly fof saxnpleay céliécted.m caéca,d:e impé.ctor ipia;i.;és; ‘
EECRS

(i) Diazotised sulphenilic acid solution ~ 2 g 4R sulphanilic acid
dissolved in water to which 5 ml 2 N NaCH has been added is made
up to 4100 rl with watery This is cooled in an ice bath to
below 500, then 6 nl cono, HCL is added, folloved by the slow
addition of a sdlution of 0,8 g /R sodiun nitrite in 20 nl
water with constant stirring, This solution should be stared

in a dark bottle in a cool place and should not be kept far
nore than 5 days.

(i1) Dilute hydrochlaric acid (4 vol., conc, HCL: 4 vol. watar),
(111) .loochol (at least 9%4 ethanol),
VETHOD

(1) For heavily cantaminated slides — es is usual for the first and
pecond slides from the impactor,

The slide is held by the edges, contaminated side uppermost and
sevaral drops of alcchol from a dropping pipette allowed to flow on to the
conbanminated part, This is well mixed with the aid of the tip of the pipette
and. allowed to run off the slide thraigh a small fumel into a 10 nl graduated
flagk, This is repeated with several lote of aloohal, keeping the total
volume of the washings below 8 nl, 4 xl diazotised sulphanilic acid solutim,
and { nl dilnte HOL sclution are then added, the volune made up to 10 ml with
alcohol, well ghaken and the colour measured an the Spekker using the 4 an cell
and the No,b green filters,

(2) For lightly contarinated slides e.gs the third and fourth slides
from an impactor, the technique is modified to give a amaller volume of sclutine

L speolal dropping pipette is used whioh has its end dravm out to a
capillary about 4 mn in diameter and 8 a¢ 9 o1 long, The contamination is well
nixed with a fow drops of aloohol by means of the tip of the capillary, and is
then sucked into the pipette and transferred to a 2" x 4" test tube which has been
drawvn out and graduated at the 0,5 ml mark,

= OO =
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_solution. and k. drops of the dilute HOL,

e s ersrerrr
R
.

This washing is repeated several tines, toking ocare that the total vsdlixie d.uea
not oxoevd 0,3:11, To this is added 3 drops of dlazotimed sulphariZlle acid

1+ The volute. is.rede-up to Omiril with
alochol . and rdxed by inmérsing the oa.pillary of the- pipetto and slow:!y bubbling
alr through the solutian, The solutian is then transféarred by heansiof the -
mpette to the 41 on (0.5 ml) mdaro cell and the colour neasured in the Speklker,
For dirty sanplem it is necessary to centrifuge the solution befare ﬁrmsferri\ng
:H: to the Speldcer cr;all, N ’

By KRNI TRECE T

mLmam:m amvn ‘ s T e

The calibration ourve should be mrepared froan the actusl chargingin the =
usnal manery  Seperate ourves are inquired for each type of S;oakker.wli,
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COLLECT Iay

SECRET
32, PHOSGINE (1952) i

ERINCIFLE ‘
The phosgene ig hy'drolysed and the duloridc 'bitrated potmtionewiqo.]ly

e e A

) N N ‘

Samples are taken in ma.'h:.a.mre bubblers cmta.:i.nmg 2 il of alke.line
hexamine solution (I hexemine, 2 NaGH in water) at 4 1/min,

'

Since the whole of the mample can be tltrated, greater sansitiv:.ty oan

" be cbtained by sarmpling at 10 1/min, through a larger volune oi‘ absorbing

solutiony in either a bead ar a dimple bubbler,

i

REAGENTS g See chloride by potentiametrio titraticn.
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SECRET ‘
33, FHOSPHORUS SMOKE (ons) (1951)

USE

. . 1
p— : ' *

The white cloud :gu:oduoed 'by 'buming white phosphoma has been used as &
conpari‘bively :Lnncoumxs tracer in neny trials.,

mmcm.n ‘

The phospharus is converted to armanium phosphmolybda‘be, which 48 then

reduced in the }_resenoe of ac:Ld to Igive a blue oolour. . , .

COLLECTION ’ T

Sar.g)les are ‘bakm in ﬁlters ﬁtted w:L'l:h Whatman No.1 filter paper, asp:.mted

at 10 @ 15 I/m,

P N

RELGENES N
(1) 1425 N sulphuric acid
(44) 9,54 ammonium molybdate

(111) 40% stennous chlaride, * 40 g Sn C1, dissolved in 86 nl oano, HOL

and made up to 400 ml with more conc, HCl, This solution should be
kept in the derk and sbould not be stored for more than 1 manth,

(iv) 2% stenmous chlaride, 4 ml of the 40% solution diluted to 200 ml
with water, This solution should be freshly made as required and
should not be stared for mare than an hour ar two.

METHOD

The filter paper is pleced in a 'boil:.ng tube, 10 ml 1,25 N Hﬁ% added and
shoken, and the tube placed in a boiling water bath for 4 rins, é‘ contents are
then filtered into a tube gradusted at 8 ml until the volume of the cool filtxrate
1s 8 nl, (dees & 4/5 aliquot of the whole), The whole 8 nl is used, or a suite.ble
smaller aliquot made up to 8 ml with nore 1.25 N HZSO « 4 mlof ammiwn

molybdate s>lution and {1 nl dilute stannous chloride solu'bn.on are added and the
mixture shaken (Note: the terwerature should not be below 4 5% and the molybdate
and stannous chlaride solutions should be blown frow the pipettes into the main
solutian to give good and rapid mixing,) ifter standing for 5 minutes, the
colour produced is measured an the Spekker using the Nosi red aareens.

Blanks should be dane on uncataminated filter papers
QLLIBRATION CURVE '

See G agents by phosphate,
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SECRET
Bl . SITICYLATDAZINE (41953)

USE .
rarticularly in built-up

Salioylaldazine is used as an innocuous *&racer,
aree.s,

The main method of analysis is a physica.l one, depend:!.ng o the fluaroscence
of the solid compound, Chemlcal analysis is required for any samples which are
too heavy to be estimated physically, amd also to confirm the strength of the
seples used for the physlcal calibration ourve, i _ o
PRDICJI’IE

Sa.l:l,cylaldazine gives a yellow colour in sod.zum hyﬂroxlde solution, with

wh:.t.oh the other mroducts of the srcke generator do not interfere.

Note The method using phospho—tungsto—moly’bdic rea.gent, sim.lar to that used

For methyl salicylate, was found to give erromsous results when the selicylaldazine

was ;pu'b u;p by a sicke generator,

COLIEUI.’ION OF THRE &JE’IE

Samples are taken at 12 or 15 litres per imine in dauble cone filters using
blue-agbestos filter papers.

REAGENT S : -
041 N sodium hydr'oud.de solution.. .- ‘ . E
SWATYTICAT, MEFHOD ' ‘

The paper ls placed in a flat bottomed sish 21" @ 3" in diameter, covered
with 15 ml 0,1 N NalH and rotated gently at intervals for 10 mimutes, The
solution is filtercd and the colour measured in the Spekker using the 4. am cells,

__and the No,7 dark ‘Dlue ar . the Spectrun violet, 601 Af:l.lters.

Blanks should. b(a deternﬂ.ned o sinilar b:lue asbestos paper.

v

Calibration curve

v !

The calibratim carve is prepared from a sollution of aalioylaldazine :l.n

. Oy N NafH... . . e -
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.. SECREY
35, SULFHUR DIOXIDE (1953)

USE
.~ Sulphur dicxide has been used as-a readily avallable tracer gase
PRINCIFIE OF THE METHOD A
The colour produced with bésio fuchain and fomaﬁp is neagtzred.

COLLEOTION OF THE SAMPLE

Miniature bubblers charged with 5 ml water and operated at 1 litre/iin, ere
patisfactory for sampling times up to 10 mimutes, the slip being negligible,
The solutions are stable for at least 3 days. (For longer pericd semples, or if
it is desired to store the samples far langer then.3 days before enalysis, it
fight be advimsable to add a little pure glycerine to the water %o retard axidation
of the sulphur dicxide, but this has not been testeds)

REAGENT ‘

6 ml oonc. sulphuric acid (S:ig. 1484) and 2 nl of an alccholic solution
of basic fuchsin (2%) are added to 115 ml waterj After 5 minutes 0:2 ml 407
farmalin solution is addeds '

JNATYTICAL METHOD

3 1l of water are added to the sample, followed by 1 ml of reagent, the
mixture is stirred and allowed to stand for 20 minutes, The colour is then read
on the Spekker using the { am or the 0,25 cells and the Noe5 green scroense

‘CALIBRATION

Typloal results:

ye S0, _, 8 16 2, 40 48 80 120 .200
Spekk&‘ C an oell 0032" 0056 0074- 1041 ol
Re‘a.d:l.ngﬁO‘.ZS: a1 cell. S ' 0.3 | 0.50”' 10464  0.78
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ATRARATS

e e s —— -

s

Zino cadmium sulphide is used as an innoouous ‘amoke to im'es'bigate 'bhe lcng
distance travel of par'b:.culates. Traces of meterial found at these distances
are estimated by solld fluorescence measurement, but far an estimation of the
"fall-cut" near the source the guantities ave. $6o great to be medsured by this
means end a chemidal method is used,

PRINCIPLE OF THE ImTHOD

" ¥hen excess quinald:.nic acid is added to & z:Lno solution in an acetate buffer,

zino quinaldinate is precipated, The, excess of quinaldinio acid can then be: :

titrated with o stenderd zine solution and the end point determined by measuring

‘ -the change in the diffusion current using o dropping meroury electrods, Cadmium

does not interfers as cadmium quinaldinate is not precipitated at the pH of the
buffer used, : ‘

. It is not comrenient tg. tii:ca.te zino. d.u'eotly with quinaldinic acid s:.noe
in the wresence of an exceas of zine the. imeciphtation ds-very slow and the ‘
diffusion current takes a long time to s’cabili.sa aftdr'each additicn of - 'bitrant.

coumrxmox*maum Ot I S S TR PP

. Sy i
The samples ere oollected in petni-diahes, whidh are. covered befare tranapor&-
ation to 't:he laboratory. .

See figure 27 )
For . deteils see 2, T P, 342, R . N
REAGENTS ' .

(1) Aoctate buffer fH 5,2 50 ml N sodium acetate and 10 ml N HOL made up
to 250 mly . SR : R

(i1) 0,1 M &80 for 300 pg %o 3,200 re M

(114)0,01 U 2080 -for 30 PE to 320 pg

(i¥) 0,0025 ¥ 780, for 8 pg o so re m

(v) 0,05 M Quinaldinio acid far 300 %o 3,200 jg Zn
(vi) 0,0025 ¥ Quinaldingo acid for 8 to 320 g Zn

The zinc cadmium sulphide 1s dissolved by heat:lng with a little cacentrated
hydrochlaric acid and if necessery a few drops of nitric acid, I+ is then washed
from the petri~dish into a mmall conidal flask and eveparated Just to dryneas on
a hot~plate, redissolved in distilled water and evaparated again to remove any
traces of acld, It is then dissolved in the acetate buffer and washed into the
titration cell with mare buffer, keeping the volume as low as possible,

~ 106 -
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+ BECRET,
;. An estimate of the amount of zino likely %o be mresent is made and the
appropriate amount of cg.zinald:l.nic acid is added,

2m10.05m for 300}13 to 3,200pg2h
4 ml 0,0025 i for 30 ug o . 320 pe
1 ml 0,0025 M far 8 ug ko 80 pg Zn
The ocell is then placed in the burette stand, clean mercury added to form a pool

"gbout 4" deep, the contact wire to this pool the dropping neroury electrode, the
alyp stnrrer tube and the burette placed in poslticn. The battery, previously

" oalibrated against the Weston Cell, is met to-apply 1,50-volts across the titration -
.7icelly The backing out resistance is adjusted snd the sensitivity conirol set at

3 for the high range, 12 for the medium renge and 20 far the Low range. .

Additims of 0,05 1l of standerd zino solution (either 0.1 I, 0,01 X, ar
0.0025 M as. appropriate) are mede, the solution stirred after .each. a.dd:l.tmm by
blowihg & little air through the stirrer tube from a blow bulb, dnd the gelvano—

« hetex reading noted as somn as it has beccme ateady (this will take about 1 ndimgte
for the high ar medium range and sbout 2 minutes for the low range) If the
diffusion owrrent is fomd to increase when the first addition of the standard

- zine solution is made, insufficient quinaldinic acid has been added, and nare of

- thisg. reagent: should: 'be added Pefare continuing the titration, o

The galvanometer readings are plotted against the volume o:f' t:.trant adﬁ.ea and -
the intersection of the two straight lines is taken as the end point, = _ . -

The amount of zine is then famd by caloulation, e.ge for thé high vrange:

If TH ia the volume of 0,4 M Zinc used in the back. titration- -
2 nl 0,05 M quinaldinic acid '= 2 x 0,025 ml M zinc
' =0 5 ml 0,1 u zino

Hence:  jig Zn in semple = (0.5 TH) % 0u 65,5,::1 000,000

= 6540 (0.5 Tﬂ)

For the medium range: TI/'-. volume of 0,04 II Zn

Rg Zn in sample = 654 (0,5 =~ TM}

Far the low range: Ti'.. volutie of 0,0025 M Zn

In this range there is a blenk’ reading of 0.05 ml 0,0025 ¥ Zn, far
which a carection mst be made
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SECRET

| . SEONION IV

P MECHANICAL ATDS IN LARGE SCALE SAMPLING

1« The Bubbler Chargins llachine !Fig 222 el e B : !

)

. Two hypordermic pyringés are cannected by means of a four-way tep to a Pesérvoir
of solvent and to an cutlet, the tap being so arranged that when one syringe £ills,
the other empties, /4 fixed stop with a fine sarew sdjustrent is provided above :
each syringe -so that the plunger is stopped when the.gyringe has. filled to the . N
oorrect graduation mark. 4 omnsidersble head is required in arder to £ill the -
syringes rapidly and it has been found, advantageais to fix a weight bo the top of
the plunger to hasten the emptying,

e e e = e e e

- After the air bubbles have been removed fron the systeri, thé volume of
solvent deliversd is very acourate, and it has been found that not only is the -
bubbler charging carried out nare expeditiously, but it is also nare scaurate then
when . either burettes . pipettes are used, even Wwith less skilled personnel
operating the machine,

Duplicate machines have been constructed with 2 ml gyringes and with 5 ml
syririges = the two volunes of solvent most cormonly usaed in bubblers,

2, Bubbler Airers (Decantamination Racks) (Fig30) | !

Thege aivers are built on the clothes harse mrinciple, but with rows of hooks
. almg each side of each horizontal bar, - One rack with 5 rows of 10 hooks on each ‘
side will hold 400 bubbler frames, i.e, 300 bubblers when usging triple frames. !
When uging single fraxes, more then one bubbler is hung a the same hodk, \

; Lfter sarpling, thé cantaminated bubblers sre removed from the slotted baxes
e end hung on these racks, in the open air, The racks ere then carried info a

werm ventilated cherber, left overmight and taken to the analytiocal lebaratory
next naming, '

Since using this decontamination systen, the analytical Yeams have not shown ‘
any symptoms of G agent poisaning, but overnight eiring has not always been s
gufficient for bubblers which Wwere heavily contaminated with mustard gase <o

3, Bubbler Washing Machine (Fig,34)

& water pump is used to force distilled water from a regervoir thraigh a
manifold into Jets, These jets are camnected to the monifold by rubber bungs in ]
vhich drainage slots have been cut, thus giving a flexible connectim and permiti~ o
ing m;g.pdd handling withoat casualities, The water overflow ls collected in a o

. tr " P

The bubblers are rinsed in tap water and then plaoced over the Jets which
direct the water to the end of the bubbler, 410 tubblars are aocomiodated at anoe,
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SE(IRET

l;. The Ston Washing Hachine fgg,! 2

The capillary inlot tubes (ar stems) of the bubblars are washed in a machine
~which employs the cascade eounter owrrent mrinciple. The stets are placed in an
. expanded alwdniun basket which is thar placed in o container in the casocade
a'l;and. Hot wmaier flows into the bottom of the first containsr, out at "thé top
and-into the botton of the second end so on, The bubbler scivent ~ cyc.mhexénol -
ig lighter than water end is thus retioved frai the ocapillaries by flee.ta.tion as’
’wgll as by the solvent actici of the water,

; The basket of stems is placed in the lowomst (4th) container ﬁ.rat, 'bhen .
when another basket of stems is ready the first basket is moved up to the third
cqntainer and the second hasket ploced in the lowest cantainer; etc, ifter &
fgw mdnutes in the top contaime the basket of stens is allowed %o drain, given a
tl';ordzgh r:.nsing in distilled water and the atems are then ready to &ry.

5.:: ‘ B.zbbq.er and Sten Dz:y'er_ ( Fig, 212

. An alr blower is used to Dlow aiy over a heater and then into a manifold
where it is distributed into 50 tubes, - -These aluminium tubes are of such a size
(14/32 inch outer dien, and 9/32 inch_immer diar.) that either bubblers gan be
placed over them or the capillary tubes of the stens can be placed inside, so
that the same machine can be uged to &y eithér bubblers o stens ar a mixture of

-.the two, The bubblers rest o rubber tubing which connects the tubds to the
ranifold and the capillary tubes are prevented -fram seating dn the top of--the
aluminium tubes by a dimple near the botton of this tube arranged to allow sorie
of the hot air to pass utside the capilhry as well as to go through,

l
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FIG.3. MINIATURE BUBBLER
METHOD OF CARRIAGE.
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FIG. 5§

MINIATURE BUBBLER

FIELD INSTALLATION
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FIG.8

%L 4

DIMPLE DISC BUBBLER - METHOD

\'\: A [
OF CARRIAGE




FIG.10.

TUBE FOR SOLID ABSORBENTS

FIGH, THE EVACUATED BOTTLE.




FIG.12. THE DOUBLE CONE FILTER.

; B .S470. RO.3.4Q.

FIG.13. DOUBLE CONE FILTER WITH GLASS TUBE FOR

ISOKINETIC SAMPLING.




FIG. 14, SAMPLING ENVELOPE
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FIG. 17
THE INJECTOR
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Fig|Q General view of apj

FIG.20. POWER PACK,




FIG.22

KJELDAHL FLASK SHAKER FOR USE IN

ARSENIC ANALYSIS.

Ay
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FIG.23. GUTZEIT POT FOR

ARSENIC ANALYSIS.




IODINE PENTOXIDE TRAIN FOR CARBON MONOXIDE ESTIMATION

FIG. 24
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FIG. 27. APPARATUS FOR AMPEROMETRI|C
TITRATION OF FLUORIDE.




(SOPROPANOL. = N«.OH SOWTION
/,/PLACED ON A SHELF ASPIRATOR,

28
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SYPHON TUBE.

RUN OFF.

20m AUTOMATIC PIPETTE FITTED
WITH A LARGE BORE INPUT TAP
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FIG. 29.

BUBBLER CHARGING MACHINE.




FIG. 30. BUBBLER AIRER

FIG. 3. BUBBLER WASHING MACHINE.
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FIG. 33
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