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APPE~D1X D

ThL P,iOFily Po/lutoltt. olld IndirolOF$

Prcpared by the En~ironmcntaJ S«retariat, National Re...arch Council
of Canada.

J. Airborne .ulphur dioxide and ,ulphate.
2. Suspended particulate maUcr
3. Carbon monoxide
4. Carbon dioxide
S. Airborne oxid.. of nitrogen
6. Ozone, photochemical oxidants atnd reaeti'e hydrocarbons
7. To.ic metals:

a) Mercury
b) l.l:ad
c) Cadmium

8. HaJOllenalcd organic compounds
9. Petroleum hydrocarbon, in wat..

10. Selected iodicato.. of WaieT qualit~'

a) BOD

"DO
cj pH
dj Coliform bactc'ia
ej Ammonia

11. Nitrale., nilrit.. and niu",amme,
I 2. En,jronmenlal radiolOCli'ily
{Where"er lhe unil' ppm and ppb are meolioned. lhe phrase "b}'
'"O!ume" is unde..lood.)

OJ. A(RBOR~E SULPHUR DIOXIDE A"O SULPHATES

a) S""""L'. Lnl'i'onmLmal dlmib"'ion. and sinks

Robinson and Robbins (1972) ho'e eslimaled l~ world ,ulphur
9cle in ((16 metri~ l()nS }earl.

S""",,u
Indu't')·, space ~aling and lranspon.tion
(mainly in the form of SO, .nd H.$)
FeniJizer applie.tion, 10 $Oil. (sulphale.)
Roc~ weathering (,u(ph.t.. )
BioIogkal deca): ConliMnt<

Ocean.
(H,S and Ofgonk sulphur rompound. including
dimethyl sulphide)
Sea sp.a} (.ulphal")
Vokanon (SO" H;>, su(phal")
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Si"ks
Precipitation and dry deposition' Continena 90

Oceans 71
Vegetation inlake 26
Gaseous ab$orption by the oeeans 25

The sink> liMe<! al>o>'e are mo.tly lemporary. "'ith eonsiderable re­
cycling rhr"O\lgh lhe bio.phere and geo.phere. The final sink, the deep
ocean. isestimaled 10 haH a slrenglh of 95xl()6 Ions year.

Th. ias SO, is anoeiated mainly with human acti,'ities, and conc.n_
lrations are highest in IO""IIS and near smelters and o~ re6neries (SO,
"alues are sometimes greater than 0.05 ppm yr. 0.20 ppm day,
I ppm hr). Background le'el' (about 0.2 ppb) at remOIe sites are
near or beyond the threshold of chemical delmion.

The residence lime of SO, '-aries widely. ranging from tens of mioules
in a very polluled atmospbere 10 ""eral days in a dean env;ronmenl.
On thiS account the mere measurement of SO, concentration alone gi,es
no indicalion of 'he flux of sulphale pollu'anlS. Th. gas oxidizes. par­
ticularly in lhc pre",nce of sunlighl Or fOS. to form sulphate aerosols and
weak sulphuric acid dropletS. The sulphale "'!"OWls are removed from
the atmo.phere mainly by precipilation, SO lhal Ihe residence time is
dependenl on meteorological condilions. Within an anticyclone that
remains Slarionary 0,"' an induSlrialiud area for a few day'S, the assimi_
lali"e capac it)' of the almo.phere can be<:ome impaired, and cpi'SOde
conditions may de,dop,

b) Eff«ts of so,

Becau", so, usually oeeu" concomitantly wilb nlher trace ps.es and
particulates, and because atmospheric relali"e humidily is an addilional
rolovanl conside",,;,,,,, the eflect> of SO, are difficult '0 isolale. For
example, lhe corrosion of melals is much more rapid in a bumid than
in a dry dimal. fot lhe same C<lnc.ntrations of SO,.

L Effects 0" maleTialJ

Ex~p' in a ,'ery dl)' atmo.phere. C<lrrosion of metals becom.. ''i'li­
mant al SO, C<ln~ntralions of about 0.03 ppm }T.SO, also damage'S
building materials such as limestone and marble. causes fading of fabric,
dy,,, and painl', and reduce, tbe life of texlil.. and leather (NATO,
1971).

2. Effects an "./!Clal;""

Linzon (1973) has examined the available lil.ratUT< on SO, damage
to forem and epiphytic lichen., He C<l"dudes lhal th.r. is ample .,i_
dence for effc<:,. al the following c.",cenlr.lions:

0.02 ppm!yr
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0.35 ppm 4. hrs
0.10 ppm 4 hrs combined wilh 0,10 ppm 4 h" of NO, 0' 0,
0,55 ppm 2 hrs

3. EO«u 011 allimals

Animals exhibil a higlKr re,i'l"""e to SO, Ihan does man, Animal 10'_

idly is Ihc:rdore nOI a limiling faclor in deri,ing SO, erileria Or standards
(EPA, 1969).

4. EO«'. Oil hur",,,,.

Epidemiological studi~ are nOI spccific for SO,. Howe"er. the following
effeclS ha"e occurred wilh Ihe indicatcd concentrati"", of SO, aDd
paniculate'<.

Accenluation of symploms in P<llicnlS "itli chronic lung di""ase,
0.23 ppm day of SO, and 300 o£ m' of smoke.

Rise in ilIn~s ,al~ among eiderly bronchilics:
0.27 ppm day of SO, and ISO ug m' of pa.rticulat~,

Increased monality (due 10 bronchitis and lung cancOT ) ,

0.04 ppm yr of SO, and 160 ug m' of paniculal~.

The"" ~a1u~ are representati"e of. large number of resullS summarized
in EPA (1969) and NATO (1971).

5. EO«u 011 bun"

SO, is ullim.tely ronvened 10 H,so. and is remm'ed frQm Ihe almos_
phcre in precipilation, These "acid rains" cause acidification of lak~

and ri,'e." leaching of calions from poorly buffered soils (podsols) and
Ihe disruption of soil and water ecOS}'Slems (Sweden's Case Sludy,
1971),

cj EO""u 0/ Sulpha/es

The'" ;, growing e"idence 10 .uggesl thaI a number of sulphates may
have a significant heallh ellecl (Junge and Scheich, 1969; Sby and
Finklea, 1973; Brossel, 1973), Wltereas SO, i' largely absorbed in the
nose and Ihe uppcr respiratory tract, sulphate particles (Which are
mainly less than 0.5 u in diameler) may be inhaled into Ihe lower res­
pirato')' IraCI and may be absorbed to form a weak solUlion of sulphuric
acid,

d) FeaJibiliry 0/ measurement

Re<:ommended methods for measuring SO, and sulphales are contained
in WMO (l974), There are in f:)Ct many procedures for measuring
SO,; spcctroscopy and name pliOlomelr; are probably tbe best for
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continuous and remote sensing_ Tho<c cbemical melb",h depending on
tbe rWucing power of SO, ma>- be ade<juate in the absence or imerlering
chemicals.

The sulpbate" wbicb an: always found in the particulate pba,e, may
be measured by titration. if lhe> an: acids, or by precipitation "" barium
sulphate. after collection by bigb_,'olume filters.
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D, 2. SUSPENDED PART[CULATE MATIER

aj Introduction

Suspended solids in "'ale' and parliculalc mailer in th. almOSph.re
bolh ••f.r 10 the same physicol phenomena, '-.ry 'mall pi«:cs of
mat. rial supported againsl the fo"'es of gravily in lh. m.dium, air or
waler, for lengthy periods of time by lurbulenl Or molecular motions.

b) Source. ond Sinh 0/ Swpended SoUds in Waler

Tb. nalural .rosion of soils and rocks by surfac. walers produces mo,t
of the su.pended ",IOds in "'aler. Organic maU.r in the proeeu of de­
composition also comprises a significant fraction. Industrial and mum-
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cipal waste waler; often eOn lain large quantit;es of suspended wlid•.
Deposition. either temporarily in ri'er bed, and e'tuarie,. or more
permanently in tho bouoms of eutrophying lak... and in the sca·bed
cormitute 'ink<. Normal le"el' of su'pended wlid, in surface Wate ...
arc a few milligram, per litor (mg liter): in wmc turbulent ri'Cr> or
highly polluted a..a,. ,u,pended solids may ..ach 500 mg liter.

c) Biological EOea, of Su,pended Solids in W"IU

The deposition of su,pendtd solid. on the oouom of ri"e" or iake. may
blanket the habilal of bot!Om..d"eliing form of life. In some case'. the
pumping rate of oy.ters is re<luetd. lhc gillS of fi,h a.. pluggc<l. Ot lhe
normal penetration of light into lhc "atcr i' pre"cntc<! and aquatic
pholosynthe,is i. reduced. or mOre importance, ho"ncr. i' the de­
composition of e.ceS$ organic material. 'uch a' thc "O<.>d fibr.. from
paper mills. Thi' dccon,positioo requires o.ygen; in e.treme condilion'
tho mygen content of the wale, may be reduced belo,,' thai nccessat)'
to ,upport aquatic life. Somc suspended ""lids contain Chemica!> lhal
are toxic to cortain ,pecies. or cise Ihat can accumulate in edible species
and Ihu, repre'ent a potenlial hazard to man,

Cur..nt ccolOj;ical e'idence indicates that inert, non·toxic ,u,pcndc<l
solid, below 25 mg lite' are nOl harmful to fi'heries. and le'el' in the
range SO 10 400 mg li!er.re unlikely to ,upport good fi,he,i...

d) F=ibili,)' o{ Mra,u,rmenl in Wa,er

The an.ly..i, of the ,u,pended ""lid' eoncenlTOtion in "",cr can be donc
easily by filtration, although eharICleriution by ,izc di\tfibution Or by
chemical nalure require, more elaborate equipment.

c) Sou,cu and Sink< 0/ Airlwrnr rank"iole,

Particles in lhe air "af)' in 'ize from 6 x 10"1020 micrometerS l".lural
proce,<cs account for O'er 9<Y; of the particulate m.ller in the almOS­
phere. Of mosl importance are ",a 'pray. pollen, and microorganism"
aerosols formed in the oxidation of naturally-produoc:d ch<:m;cals ,ueh a.
hydrogen ,ulphide. ,ulphur di<Jxide and nitrOj;en oxidcs. and wind_
blown du,t. Man·made source, of most importance a", Combu,lion and
indu,tri.1 diluent>. ae,osol, formed by oxidation 01 the gaseous diluent'.
,ulphu' di<Jxide. nitrOj;en oxides. hy-dr"l;en ,ulphide, and ammonia,
and hydrocarbon 'apor>. Proc:ipitalion and diffu,ioo 10 the Earth',
surface arc Ihe main ,in... Residence tim. '·ari.. from. few minute,
for try a,h and la,ge parliclc" to d.y·, and monlhs for the 'mailest.
Background Ic'el' a,c about 10 micrograms per cubic meter (ug m'l.
In wmc polluted arc",. particulale daily· a"erag" reICh 1000 ug. m'.

f1 £0«" 01 Airborne l'arlk"lale,

I. Ciimaric EOecu
Theorctic.1 con'ideration' ,ugg...t lhat the presence of particulates in
lhe .tnw,phcre lo""e,, the quantily of sola' radiation rcaching lhe eanh.
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Studies of 'okanic acti'ity and ~Iobal lempc,atu.e indicate atmosp~ric

cooling somelimes occurs for a lea. or SO following intense "oleanic
eruption,. Dire<:t ,unlight is .educed nOliceably. panicularly in winte •.
at pankulate coocemralio", a>eraS-ing 100 to 150 ug mO.

2. EO«,. on Mauri"l.

Co.rosion of metal' oceu.. al an ...eleratro rate of particulate coo"
cenlrations of 60 to 180 ug m' in the presence of solphur dio~idc.

In urban areas. rapid soiling rales from paniculale deposilion are a
problem. often re,ulting in economic loss.

3. EOe,,, on Vegef"fion

E.ces,i'·e dust may bloc~ light neede<l for photosImhesis and plug
stomate,. interfering .,ith oXIgen and carbon dioxide e~change with the
atmo>ph..e, Ingestion of panicle< containing lo~ie material .uch a.
arsenic depo,itro on plana can ,ubse<jueml}' be harmful to animal
health.

4. Effect< On Humans
Atmospheric panicolate maU.. aUenoales solar radiation. panicolarly
in the ol".. iolet. Thi' rna) h.. e a ""'all effect on homan health in
popol3tro area" although"" eon'indng epidemiological ..'idenee has
let been pr=ntcd,

Atmospheric particulates arc correlated with the frequencies and
.. \Critl' of re,piratory ailments. The size distributions of the panicles
as "'ell", the 10lal loading are imponant. A large propofl1on of par_
licle' h.. ing diamcte.... from a fe" microns upwards is remO\'ro in the
upper re'plfatory tract. and il is main I)' t!lose ,n the ,ub-micron range
lhat can reach and be reta,nrd in lhe pulmonar) air 'paces (NATO.
!971). Unfononately. mooitoring of size dislfibuti"'" is laborious and
rel.ti'el} "pen,i"e, Mast air qo.lity net""orks include ooly observa­
tions of 24-ltr. total 'u,pended panicul.te, Or indirect indicato" 'uch
as wiling jndc' (which i' ..nsiti'e to colour as ,,'ell., to weight of
parricul.tes) Or • me,sure of turbidity Or solar radi.tion anenuation,

Thcre is e,iden.., from epidemiol"ika! stodies th31 effeclS on health
c.n be related to the ..-ai!able indices 01 sospended panicolate mauer,
bot cquall) lhq C'n ~ rel,ted to the cOllCenrrations of Olher pollutants
lhat arc p"-.,,.nl althe same time, Acute effects hO\e been demonstrated
,n atmosphcres containing coal smoke. together .. ith other so,pendro
.nd gaswus pollulants when the 24-hr. a"".ge concentration of p.r_
panicu!"e•. inferred from a soiling indo>. ha> rxceedro 250 og m',
and the accompany'ing .ulphur dioxide cooccnlfation has exceeded 500
og m' (La"lhet" ~I_, 1970)_ Increased pre'alen.., of ....pir.tory ill­
ne,>C'S has. howe\'<f, been usociarro "ith ••tended exposure, to 10"-"
concentralions than Ihi" Beeause of rhe lad 01 .pecificil)' in these
stodies, result' obt.ined in locali'ies with onc p.rricul.r Ilpe of pollo­
tion cannot be app1iro 10 siluation. where the mj"ure i' of a different

ch.racter.
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e) FtllSibiill)' 0/ mtllSUrtmtnr

I, AtmOJph"ic Turbidil)'

Tht ,un pholomeler is a recommended inWUmtnl for rhe W~IO air
chemi,l!')' nel",ork (WMO. 1971). Recenl US-Canada ,ntercompari_
sons ha'-e ~'nled eahb,.ti"" drifts in lhe reference standard, at lhe
O,)8u "'.'-elength allhough rho 0,50 "'a'Olenglh measuremenls ""em
10 I>e satisfaclory.

Altemati,-e))'. lhe PFheliomeler may be used. bUl as emphasized
(WMO. 1974), "E~perience suggests lhal under "ery dear e""dilion,.
U$< of pyrheliomele" requi",s c"".iderable delailed kno"'ledge of the
characterisli", of the instrument (filter uan.mi..ion laclors. ele.) as
"'ell as precise infonnation of Othcr aucnuating fa.ctor$ ,uch as total
ozone and ",aler "apour:'

2. Panicle si:,t di'lributiQ1U

WMO (l974) has published an aUloorilali" account of methodologies
for oolaiJting panide size dimibutions, "'0 a"ailable method co,-e..
the full spectrum of aunospheric panide size.

J. Porticulore concemr"rio....

The high_volume sampler is a ",idely_use<! in'lrument in urban air­
quality survey., yielding a 24_hr. "'eighl measuremenl. The ,olume of
air .ampled is delennincd lrom readings 01 a ftow indicalor and lhe
mass is ",eighed. permilling calculalion of lhe concentration. There i' a
risk with this in'lrument that panicles .... ell be)'ood lhe respirable size
range ",w be collecled.

Other measuremenlS arc made by dra"-ing air at relati'd}' 10'" rales
through filter paper. and estimating the amOunl 01 paniculale maltc'
from lhe rollectancc or transrninance of lh~ f,lter paper.

Funher detaiis of th""" and other melhods a~ gi"en in WHO (1974)
and WMO 1974).
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EIFAC (1964), Report on well' di,-idcd solKl. and inland I;'herie•.
European Inland Fisheries Ad'-isory Commission, T",h. Paper "0.
I, FAO, Rome. 21 pp.

Re'ertrr<:ts: Ai,

EPA (1969). Air quality crileria for particulale mailer. AP-49. Air
PolL Control Office. EPA, WashinglOO. D.C.

Hidy. G. M. and Brock, J. R. (1971). An assessment 01 the glol:>al
soun:es of tropospheric aerosol•. In "Proc. Sec. In!. Cl<an Air Con_
g"",' (H.M. Englund and W.T. Beer)', Eds.). Academic Pre.., "OW
York, I088-](l97.

'"



'000
90

"23'

''''

Law·ther, P.L Waller, RE, and Henderson. M, (1970). Air poliutiOll
e.<a<:crbali<>n, of bronchil;'. Thora' 25, 172-1 77.

l"ATO (1971). Air quajjl~ criteria for particulate m~n... No, 8.
CC'IS, ~A1'O, B""""I,. 125 pp.

RCP (1970). Air pullutiOll and heahh, Ro~'al College of Phj11ician,.
Pi.mans, London. 80 pp.

\\ .\10 (1911), Operalional manual for sampling and analysis tech­
niques for chemical COlI'lituen" in air and precipitalion. No. 299.
WMO, Gcnc,'a. ::3 pp.

\\'1>10 (197~). Guidelines for baseline a"d rogion~1 .lalions w'ith ex­
panded programme,. (in pre..) WMO, Gene,'a

WHO (19,4). Selecle<! method' for sampling and mea,uring air pollu­
lion. and guide to handling of air pollution dala. (in press) WHO,
Gene..

03. CARBON MOXOXlDE

(a) Sour""•. ",,'i,onm~Olal ,iisrribU/ion, and .iok.

The world emi"iOllS of CO 0.$ follows: (in 1(16 lon, year)

,\'atural Source.
Oxidalion "f me.hane and formaldehyde
~al' and synlhesi' of eholorophll1
Photochemical oxidalion of terenes
Oceans

Amh'opqgmic Soo'ce. (eslimated for year
TTari,portalion
C"al and Iigl11
Olher fuel, (oil. ga•. kerosene)
lndu.lrial processn
Incineral"'" (..,Iid waste)
Miscellaneou' (agricultural burnin&> elc.)

1'010.1

1970)

3",,
"""'"'

The almospheric residence lime and lhe sink 'tr¢nglh, for CO are
nol well ..tabli'he<!, and in faCI. IhOT. ha' httn mild e,,"lrQ';."y .inco
thc disco,,"ry in the lale 196(h lhatlhe lropical ocean. are olle" ,uper­
'aturated wjlh CO. indicaling the presence of a marine biological "",rce.
Prescnl eSlimal'" "f the CO residence lime. range from 0.2 to 1-3 )'oa".

Robin""" and Robbin, ,unelt lhal lhere arc n" pro'on significanl
oxidalion ..aclion. for CO in lhe troposphere. Poslible ,inh include
up"",rd diffusion into the "'atosphere (belicserl 10 be ,cr~ slow), ab.
sorplion by lhe ocean< (nOl PfO\en). procipilOllOn sca..nglng (Swin.
nerton ~t"l. 1971), and biological uplOkc (pr",en bUI magnilude un·

cerlain). CO a, ""en a, CO, are u!-Cd b)' planll during photosynthesis.
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the: fOlmer gas being largely o'erloohd in field experiment> becau<e
i' i$ such a small fraction of lhe I.ncr, Thc othcr proce» th1l is now
belie'e<J 10 be of .ignificane<: i' uptake b; "'il fungi.

Concentration, of CO as high as SO ppm <>'Xur """a.ionall; "" bu,;
urb.n expres,way,. Background coocentrations ate e,,;mated to be
0,14 ppm in the ~Orthem Hemispherc and 0.06 ppm in lhe Soulhern
Hemi,phere.

(b) mologkal Effects

The affinity of haem~ol:>in for carbon monoxide i' o"er t...-o hundrcd
lime. thaI for oxygen, The abs<>rp,ion of carbon monoxide is associated
with. reduction in lhe oxygen-carr)ing capaci'l of blood due '0 the
formation of carboxlhacmoglobin, I>'ormal blood conecntralion of car·
boxyhaemoglobin in non-smoke.. i' O.S',. in ","oker< S',. An eXf!O'ure
of eight or more hoo.. to 10 ppm c.rbon monoxide will rai>l: this IC'd
in non-smoke.. 10 o"cr 2',. lmp.ired lime-inte".1 di"'rimination.
,;sual .acuity and brightness thre'hold are obse,,-.d at le'el' .bo'e 2';.

C.rdio,·...ul.r ch.nge. OCcur a' c.rb<H)haemoglobin le'cl, o"cr
5 c!,. reached b)' eXf!O'ure lor eight hours to 30 ppm carbon monoxide.
Epidemiological studic, indicate (hat mortali,y from heart failure m.y
be increased by' e'posure to a"erage weeki}' concenltat;"", of about
10 ppm. Due to thc 'ime lag be,ween exposu.. 10 carbon monoxide
and thc fonnalion of earboxj'haem~obin in lhe blood. short·lcrm
exposures 10 higher carbon monoxidc le'el' are not considered 10 be as
hazardous a. long_term exposure, 10 10" le'cl,.

Conceotr'lion, of carbon m"""x;de. ncedcd to affccl pl.nt growlh
and microbial aeti'ily. are much highcr th.n normall; encounlcred in
ambienl air. Detrimcntal el!e<:ts h.w no' beeu d<tec'ed ., le"el' Ie"
than 100 ppm for duration' of one 10 three weeks

(ej MonilOTin, 0/ Corlwn Monoxide

In "iew of its high urban Ievcl' and I",,' thre'hold for physiological
effects, Ihe conliouou, measuremcnt of carbon monoxide in urb.n .reas
i••d.'j.able. This rna)' be accompli'hed "';lh infrarro .nal;><", which
are seosili"e to carbon monoxidc in the tange I 10 15 ppm. ~on_urban

dat., requiring more sensiti.'e deteclors, mal be acquired by gas chroma­
togr.phy or "';lh. mercury .'a!X'r an.I}'ur.

It i. important lhat thc ,ignifioanoe of the oxidalion 0/ mcthane as a
sourcc of carbon monoxide be eslablished.

Bid,,-.II. RG.S. and Fr.<er. D.E. (1972). CO uplake and metaboli'm
by le",'e._ Can. J. BOlany 50. 1435·1439.
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D,4. CARBON DIOXIDE

(a) SOU"",, endronmemol dimlbullon. and 'inb

I'atural emission' of CO, indude respiralion by li\ing maUer and
releases during decal of organic malerials.

Man releases CO, inlo the atmosphere by burning organic fuel. and
b}' kilning of limes lOne. The emi"ion. hO"e been increasing steadily in
recenl yea,,; Keeling (1973). for example. eSlimates an outpul rising
from 1.2 x 10' melric lon, in 1929 to 3.8 " 10' metric lon, in 1968.

The a>erage atmosphcric CO, concentration around lhe "urld i.
aooul 330 ppo, "' 'he pre".n, ,imc and i' seems to be rising a' 'he
rale of aboul I ppm jX'r )ur. Tit<: ,.."idcnee 'ime in 'he armo>phere i.
aboul 2.5 j'ears (Robin>on and Robbin•• 1912).

The principal link> for CO, ore lhe biosphere and rhe ocean,. In
lhe lauer <=. thet<: i, a '''OIlg dq>enden~e on ,ca temperatut<: and
on Ih. pH of lhe .urface mixed layer.

(b) Bioiogical .Oecl>

Al normal en,ironmcnlal concen'r:tli""•• CO, ha. no harmful effeclS
on biol"lical I)"'em•. The 1:"' i,. in facl. ~lCnrial for the lVowlh of
mOSl plants.
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(c) Clima/ic tOUIS

Atmospheric CO, is one of many demcnts affecting world climate.
Because CO, absorbs long-""a"e lerremial radialion (in $elecled wa"e­
band.). consideration ollhe radial;\e lran,f.. proIXrties of the atmOS­
phere must alway. include e..mination 01 the effects of a change in
CO, roncenrration,. ""hich could inftuence lhe \'erlical dislribu'ions 01
heat and temIXralure.

(d) Ftasibili'y oj mt(JJ~Ttmtn'

For biome studic,. an inSlrumenl.1 ",n,ili,ily of 2 ppm i, quile ,uffi­
cient (lhe dium.1 and Ilnnua} ranges in CO, concentralion, O'o'or
yegetation are of lhe ordtr of 10 10 30 ppm). Thi' sen'ili\ilY i. c.,ily
achiC"ed wilh a number of commercially .\.il.ble instrument>.

For c1im.tic Sludi.... a sen,ili"ily of 0,2 ppm is required. and reIer­
er<:e "andard, mu,' maintain lheir stability o"cr de<ade', Infra-red
non-<li'lX"i"e ,en>o" are recommended (WMO. 197~). although thore
i, ,till SOme doubl about lheir absolule ealibration•.

(2) Frejh "nd ,,,I, ,,'mer

G.. chromalograph,- i, =ommend<:<l Samples muS! be "'aled••nd
analy,is should be done immedialely. If \.rnpk. arC >!"red. lhe) mu.l
be maintained althe ItmlXtalUre 01 ,he .. atcr al the lime <.>f eoUeelion.
10 minimize 1"" QI the gas to lhe .tm<>sph,,,, (Henry's La.. ).

References

Keeling. C. (1973). lndultrial produelion of corbon dio~ide from 1000sii
Iuds and limestone. Tell". 25, 17~_198,

Kellcy. U .. l<>ngcrieh. LL and Hood. D,W. (1971). Effect of up­
welling. mixing and high primal') production 011 CO, concenrration'
in surf""c waler< of the Bering Sea. J. GeophYJ. Rt1. 76, 8687­
8693.

Robinson. E. and Robbins. R.C. (19i2). Em;;Sions. concentrations
and fale of £asrou. atmosphcric pollu,"nl•. I" Air Poilu lion Control
Pan 2 (W, Strau... ed.), John Wile,- and Sons. Inc.. ","c", York.
PI', 1_93.

SCEP (1970), M,n', Impacl "" lhc Global En,ironment MIT Pre".
Cambridge. 1>1.., .• 319 pp.

SMIC (I'nl). [nad,enanl Climale Modification. MIT Pre". Cam­
bridge, Mas,-- 308 Pl'·

WMO (1974). Guidelines For ba<cline and regional 5Ialio11< .. ith ex­
pand<:<lprog"mmc,. WMO, Gcne,a. 100 PI"

''''



0.5, ATI>lOSPHERlC OXIDES OF NITROGEN

(a) SourIYJ. enviTonmento; ai"Tinu/ion OM Jinks

Nitrog~n. wnicn compAAs almosl 8O"f of the alm~pne"" is a rela_
ti'~I} inert gao not particularl)' soluble in water. Nilrogon fixarion i.
In~ proccs, by wnkh nitrog~n i. incorpora\W intO lr.'ing tissucs. This
occurs tnrougn a ,'arie,y of biochemical palnWa)"•.

Tnrte o>.;d", of nitrogen a", of impc,,'ancc lJ\ en,,,onmen'a1 uudiC'!:
1'1,0 - niuous oxide
NO - nitric oxide
"10, _nilrogon dioxide

Anotn", mlrug"n compound of ,i&"ifocan<;<o i. ammonia (NH,),
which" di,;cussw in Secti"n D. 10,e.

The major global SOUr.e. for the nitrogen oxides are as follo..... (in
lI)"tOn. per )'ear. ",nefe the 'al"e. ha'" been ron'ened to NO, equ,'",
lent) (Robimon and Rol>bin,. 1972).

1'1.0 (baclerial action)
NO, (foresl fires)
:-'0, (indullrial)

Burning of cool
Burning 01 petroleum
Burning of n"ural ga'
Incineration
Burning 01 '''',00

ToW

26.9
22.1

2. I
0'
0.'

52.1

592
08

Ligntning is nor bclit'cd to contrib"te .ignif..aml) to tM fixation of
nitrogen on th" world ~al<. Hahn (1974) ha' IIxenll)' ,u£gelled
thai Ihe North Atlan"" is lupet-saturated with v,O and therd"re
mu,t be an additional source.

1'0>: emission' arc """"'iate<l chieft) with eombustion processes.
occurring wbene'"r Ihc temperalure cxceod' 1000 C. and "'hene"er
Ihe combu,tion gase' Ufe quenche<l so rapidl) tnat di"''''iatkJn back to
nitTOEen and ox)gen i' p",,,,me<l. The major oxide in combustion
cmi;skJns i' 1'0 b"t a 'mall fraclion is ron..ned to 1'0, by reaction
",ith oxygen dUfing tho exhau>! dil"tion proce...

1':0 and 1'0, "'" acti'e photochemkall). contributing 10 the pro.­
duction of oxidants (Sec SectiOll D,6). NO ml} be oxidi~ to NO,
during .uen periods. 1 he ,.,ulung paniculat~ blprodu~ts a,. then SCa­
'enicd. u,ually in a few da},. by precipllalion,

T~e other o~iJe. N,O. h.. a 'cry I.rge natural <yde. Small frac'ions
arc I"" to thc "raloophe,e bUI Ihe major portion is u>cd by Hgotation.
and is. in fICI. an imponant nutrient.
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Global background concC!1tration> of the 3 o~ide, arc", folio",.. ,
N,O 0.25 ppm
NO 6 ppb or 1«.
NO, 6 ppb or I«s

The re'idenee lime' arc 3-4 yean for 1'"0 and ah<.>ul .. da)'s for
NO and NO,.

(b) EFFECTS

(1) EDectsQIlHumans

Al nonnal almospheric concenlfaliQflS. nitrous oxide h'" no known
a,h'ersc effects.

Due to Ihe rapid con"e",ion of niuie oxide to niuogen dioxide. Ihe
lwo arc oflen combined a. 1'0x when discussing Iheir e/fcc!>. Acule ex·
posure 10 NOx CaU'eS nasal and eye irri'alion at 12 ppm. pulmonar)' dis­
comforl at 50 ppm. bronchiolili. al 50 10 100 ppm, bronehiolil;S fibrosa
at 150 to 200 ppm. and bronchopneumonia al SOO ppm, Ch",nic exp<>.
sure< al NOx I..cls "f 10-40 ppm cau", I~ng damage, leadrng 10 fibrosis,
reduced brealhing capacily and increa<c<l respiratory resistance, An
epidemiological slud) showed lhal people li,ing in an almosphere ""i'h
annual average NO. concentralions of 0,08 ppm exhibited reduced
respiralory perfonnancc and a larger frequency of acule respiralor)'
iIlnes...., compared wilh conlrols elsc"'herc in Ihe ,ame eily,

2. EOfflS o~ Vege'''tio~

Chroni.c exposure, 10 0.15 ppm 1'0. and aculc e.posu," 10 2.S ppm
CJU>C ob'iou' damaSe 10 I"",.to pl.n" .\lan) mher spcci« of com·
mercial "alue are ,imilarly affccled.

3, EUecrs on C/;mate

An increase in tropospheric N,O could c.u.. an increase in m.,<>s_
pheric NOx, ",h"h in lum WOUld alfocI .hc radralion balanco of the
aunosphere,

C) f-ea,'ibilityoJ mel2.lurtmem

I, N,O: A ga' chromatography method is re<:ornmended (V. MO. 1974).
2. NO, NO,. and 1'0x: A recommended procedure has been gi'en

by WMO (1974), using Ihe principle of Ihe chemilumine>cem re­
aclion of ozone "uh NO. To monitor 1'0•. lhe NO, is cun,"rted to
NO belore Ihe ga' ,!ream reach.. lhe SCns.cr, The concenlralion 01
NO, is Ihen obla,ned b) sublfa<:lion. A la><:r lIoreseenl lechnique
has also been propos<d (IJrrnbaum n al.. 1974). For bal.e!ine
obse,nlion,. Nash \ 1974) has u$Cd a modified SallZmJn reagent
and ,ub$Cquenl colorimetric detcnnin.tion, wilh a <cn,i\i,ily of
abool 0.2 ppb.
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D. 6. OZONE. PHOTOCHEMICAL OXIDAN,S AI'D REACTIVE
HYDROCARBOI'S

a) Sources. ",v;ronmemal disrrib"';an. and sinks

Oxidanl' are highly_reacl"'e ga,.. formed pholochemically, u,ually in
lhe presence of NOx and hydrocarbon<, One of Ihe I<'ell·known oxidanls
i. ozone (0 ), "hich is also generated during lighlning, and in .he
I\ralosphere due 10 phOloll>i. of 0, 1o alomic oxygen I<'hh ,u!>sequcnt
con,·.rsion 10 0,_

The hydrocarbon, may be of nalural origin. e.g.. loresl lerpco.., or
may be released by man 1010 lhe almosphere. H}drocarbon, are c1......
ificd according 10 lheir molccular SlrUClure: acyclic. alicyclic and aro-­
matico The Ihird ly'pc is belie'Cd to ha"e the mosl direcl link ,,'llh
human h.allh bul il canOOC be monilored operalionally' as yet There i.,
of cnurse, a wide range 01 hydrocarbons, many of which are '·ola,il.
and occu, as g.... in the atmosphere.

Sunlighl has no appreciable elkcl on hydrocarbon< alone. In lhe
presen.e of NOx, he.. e"" inlermedial. and seconda') produclS are
formed, iOme of which do ha'C delrimental etT.." on mal.rials. '.ge­
tation and man. The re,,'i'il)' of h}'droca,bons ,aries greally, melhane
being the least reacti.. ahhough the mosl ubiquitous-wilh large nalUral
iOurc", due 10 baclerial decompo,ilion pr""<>I.. in swamps and
marsh...

Robinson and Robbins (1972) haH made the following estimale'
of global 100ai and reacli" hydrocarbon,.
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BurninG coal
BurninG oil
E"apora,ion 10"'" lrom oil
Enporation of sol'en..
[noinonllo"
Wood burning
Forest fi""
Tcrpene-type relea",. from "egct.tion
Methane from '''''''ps

Toral
hydmca,boll'
10" too, yr

2.9
40.6,..
""0.'

"'"'"

R,oc,;,"
h)',/roco,bo",

10' IOn, j'r

40.8
1394

'"'"'"10.5

",
'mall

The photochemical product. of prcscnt in,cre" are.
1. ozonc (0,).

2. nitrogen dioxide ("0,), forme<! primarily by the phot<Klxidation
01 ni'rk oxide (~O).

3. aldehyde., panicularly form.IMh}'de.
4. perox}'3Cyl nitra''''. panicularly peroxjace'yl nilratc (PA~).

No doubt. relate<! substance. ,,'ill become important .. hen dettttion
melho'h imp",,'e and when ,he pholochemical pro::..... arc belter
undc"tOC>d, Thc ,orm IOlal oxida"" u,ually mean, tho g.sc. 0, ~O,.

and the pcrox}'3Cyl nilral ...
Global background concentra,ion, 01 methane (CH,l arc about

1-2 ppm. The re'idcnce timc i' aboul I to 4 lcars. in contra" '0 the
re.idcnce timc. of • few hours '0 • lew day, for Ihc rcae,,,e specic.,
Total hydrocarbon. in urban areas h..o yeariy ",crage conccntra,io",
of lrom 5 10 IS ppm (as carbon). The reJe,i"e compoonen1S arc geocr­
all}' in 'he ppb r.ngo.

Total oxidan" in lorest•. resulting from t<fpcno pholochcmical reac­
tion., may reach 0.06 ppm, as compared "i'h glubal background 'aloe'
of abOlJt 0.01 ppm, In 1..0< Angele. during 'mogg:;, day., concentra,ion,
can exceed 0,50 ppm, In 'his cOl1ncc'ion. note 'hould be madc 01 'he
lact that because ,he photochemical process require, ",,"cral hours 10

comple'e. 'he highc" ootICentration, 01 oxidanl< and of mher products
may occur do.. n.. ind 01 a city, ra'her than in the Central Bu.in..,
Dislrict.

b) EDceis

l. EDtclS on Humans alld Anjmals

.) Dum', Na'al irrilation occurs at oronc lC\'e!s of 0,05 ppm,
headxhc, are expericnccd al I ppm lor e.posufC"S O"er 30 minute.,
change, in $C"eral ,i,ual parametcrs hl"c becn obsc"'w ., 0,2 to 0,3
ppm, pulmonary congcSlion and change. in r..piratoJ)' efficieflC)' occur
al 1 ppm. At Ie,'els of 0.23 ppm, increa"'" in auacks among aSlhma,ic
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pati~n" ,,~'" ~rved. Lung tumor inci<J~ncc d""bkd in mice e'p"'ed
to I ppm olone daily for 15 month•.

b) PAS. Pero')'a<el)1 nitrate induces an inc"'a.. in uptak< of
o.)·gen at 0.3 ppm. eye irritation is d.tectt<! at 0.5 ppm,

c) Reaclhe Hydrocarbon,. Tbroal and cye irritation at 0.5 ppm is
repone<!, Brief c.posure, of guin~a pigs at 1 ppm formaldehyde caused
lempora'} chang.. in r",pir"<>T) .fficie""y.

2, EOe"s "n VeselaliM

a) O~Me. Tobacco is injured by exposure to 0,05 ppm o<one
for lour hours; 0,1 ppm lor '''0 hours dama~ spinach. com and beans.
Synergi'tic cffects with sulphur dio'ide ",.jue. the thre.hold lor injury
to some plant'.

b) PA,,· PAN is the prima'} phylQlnxicanl generate<! in photo­
chemical smog. A four_hour e'!""ure to 15 ppb of PAN cau... injury
to tomato and letluce plants

c) Rea<:li.., HydrocarboTlS_ Ethylene concentration, of 1 ppm are
.ufficiem to injure ,unfto"'Cr. tomato and polalo plants.

c) Fea,ibility 0/ Me(lJuremem

The chemilumincscent reaction' of ozone with eth)'lene Or nilric oxide
may be u>e<l to me..ure ozone "er)· accuratel)·, ,,'ithou. in",rl~renc...
Colormctric and coulom.tric trehni,!u" are 3\ailable for Ihe deter­
mination uf tot.l oxidant concentrations. Gas chromatography i' sui.­
.ble fur monitoring hydrocarbon. and PA:-I le,cls: fl3Il1~ photomelric
detectors are mos' suitable for the lormer. elrelron captun: detectors for
Ihe lal1er. The aldehydes can be measured "ith coiorimeiric techni,!ues
using a bisulphite reagent. but the method i. onl) moderately ..nsiti,'•.
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D, 7. TOXIC 1--IETALS

a) M~rcUfY

The chemical and toxicological propcnies of inorganic m,reu'}' ions,
,Iem,mal mereury and organic mcrcury deri'ati"e. arc .0 diff..,nt tha'
,hey must !>e discu,sed ",para'dy,

EI~mtnU11 Mmoury

M.rcury vapour i. pre",n' in air due to degassing of the eanh and
induSlrial conlamina'ion. Pa" ex!""u... in industria! workplace. indicate
lhat 0, I to I mg Hg m' air i. 10'ic. Mercury "alues in San Francisco
w..c a f.w nanogram m'. One gram of liquid m..cury can be taken
by mouth ",ith nO obs.".,.ble cft"cct.

Mercury i. a O<)rma! con"ituem of many rock. and ",il. and thus of
planlS u"'d as food, About I g of mercuric chlorid. will produ," ",yore
acu," poisoning in human., About 50 mg kg is nceded conlinuously in
lhe diel to produce chronic toxic .ymptons in ral.,

M~lhJI m~n:uf)'

Genef"l: Meth}'i men;ury i. complelely absorhed from Ih. ga\lr<>­
inteslinal lraet into the blood, About t"'o month. after ingestion .tarts
in humans. neuroiogical.ymptom, of to.icity .ppear, Th. f"" .ymptom
is pa~thesia-numbn, •• of the extremitie•. La,er .ymptom. arc at..ia
(loss of control of limbs) and COnmiclion of "i'ion. $e"ere case, arc
fata!, After ingestion ceases, lhere i' often .ligh, imprO\'ement bul ,he
brain damage i. largely irrc,,""ible...en lhough 'he melhyl mercury
conlen' of the bod}' fall' back no normal.

Methyl mereu~' i. excreted largely "ia lhe lacees. The concentration
in the blood i' a £OOd indication of tolOl body burden, The half-life
varies greatly Wilh .pcc:ies. beinl: about lwO weeks in Ihe rat. 70 days
in human., and se,,<ra! hundred day. in SOlO, .pcc:ies of fish. from
Ihc half_life and blood concentration. lh. daily inlake nceded to produce
a gi.'en body burd.n can !>e cakulated

Rel"",e of Synlh~,ic M~n:ury /0 Ih~ En\'ironm~nI:

A deri.'ali'·e of methyl mercury is used a. a fungidd. 01\ cereal grain,
10 b< used as seed. Birds Ihal eall~C grain .ccumulate .x....i" m<thyl
me",u,y. There ha\C b<en many tr.gedies where lreated grain ~•• b<en
unknowingly ingesled by human•. In lhe Ialesl of lhese in Iraq. lhe
deat~ loll ~as !>een ,<Iimated .1 ",.'erai hundred.

In lwo location' in Japan, mClh)'1 men;u~' ...as di",,~arGed in factory
effluents into lhe .... Fish can conCentra,e melhyl mercury ","eral
lltou,llI>d fold from 'he ,urroundinl: wale'. The conlaminated and dead
fish were ealen by local fishermen and ,h.ir famities, Many deaths atId
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disabilili.s ..sullro. The meth,l mercury blood concentration a<>d total
body burden We" me~su..d on surv;'·o.. of lhe,e nagedie.. The bodj·
burden for the mildesl s)'mptoms (paresthe,ia) i' e'timated 10 be 30 109
for an adult and the dailj inlake needro 10 produce this burden is 1%
of lhe burden or 300 ug day. Blood le'·el, "·ere abool 200 ng ml for
the mildc,t Ca'" ~nd se,.ralthou,and ng ml for se'ere on..,

People who do ncl cal fish have tOlal blood mereury "alu.. of 2-5
ng ml and ··normal·· fish ca.... about 10 ng mi.

BIOS}'mhnl' 01 Mtlhyl Me",ur)" In the En,·Ironmem'

In stream, and lakes. where large amount, of inorganic mereury h....'e
been dumped inlo lhe sediment'. the fish h"'e concentralions of melh}'l
mercur)' in lhe flesh. of a fe"· ug II and as high as 25 ug g. The mer_
curic ion i' melh}'laled by baclerial aclion and the methyl mercury
accumulated by the fish in some way, Many areaS h~"e lxen c101ed 10
fishing as a result. M the mercur)' i. 'lrongly absorbed b)' the sedimenls
and the sediment' are often only ,Iowl)' mO"ed Or c",'ered up. lhc situ_
alion can be expected to laS! many ye.rs,

There are as )·el no human poisonings Irom "biOl)'nlhetic" mclh)'l
mereur)' bUI a lew indi,idual, in Sweden and C.n.da who conlinuousl}'
eat fi'h lrom conlaminaled arc.. h....'e blood mercury 100'eis ne.r Ihe
expecled 10xic "aJue ,,'ilhoUl ,ho,,'ing any .)·mptoms,

Mercury In Food

Telal mercury in food eompri>es bolh inorgank and melh}'l mercury
and mighl .... erage 10 ug pen,on day. An approximation whkh ;s not
stricll}' true is lhat all mereu!}' in fish is methyl mercury and in other
foods inorgank mereury. The mercury "alu.. in mOIl foods are so low
Ihat lhe anal)'sis lor mcthjl mercury becomes difficult, Fish wilh more
lhan 0,5 ug g of tOlal mercurj are 001 sold in Nonh America. MOlt
fish in commerce are much below lhi. and an ....'erage might be 0.1 ug g.

Analpi. of Me"'u,y in 11.. En.·;ronmenl

Mereu!}' in lhe air is SO low as to be of no concern Mercury in soil is
bound. is 0 natural conllilUent ond ~goin i, <>I no conccm, Total mercury
in "·a.... is of thc order 01 I ug litre and is ealily measured. Few
separate measu,.menlS of the more imponant mcth)1 mercury hove been
made, Becouse 01 lhe greal concentralion of meth)1 mcreury by fish and
lxeouse they prol>.at>ly represenl the largeSI SOUrce of mcth)'1 mercury
in food, monitoring 01 fish probably' "'prescnt, the casiesl way to
monilor mercury in the en"ronmenl,
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D,7. (b). LEAD

a) SourctS, en"i,onmenral di"ribu,ion and 'inb

Lead i, a nalu,al con,tilu.nt of all soils and planlS. The con""ntralion
in planl$ '·a,i... depending on th. plant sped.., time of lear, soil
propeni.., and eoncennalion, in lhe soil. Lead concentration in soil i,
generally highesl in Ihe ,urface few centimetre<;.

Significant sou,ces of lead in Ihe en"ironm.nl include lhal .miued in
enlline .,hau,1S a, a ,e,ult of the combustion of le"""ln)l I.ad in
gasoline, liquid and ai'borne paniculal' "'a,le, from coal huming and
melal smelling and lead a.... nal. peslicide,.

The panicle, f,om ga",line romhustioo a,e emined in lwo .i,. ranlle>.
The 'maUet ooe, are about 0,2 urn in diamcler, formed by direct con­
densation as lhe e<>mbu'tion ll""'s cool. Thi, size of panicle temain'
.uspended in Ihe a'mO$phere by air """cmenl$ and thus may be Uan,­
poned loog di51ances. Lead ha' been found in Gteenland glacier co,es,
The panicl.. are temo,e<! only by precipilalion 0' by aglomc'ahon into
larg" i»lrticl... MoreO\'''. these panicle, are in the 'iu range mOSI
likely 10 bo deposiled in lne alveoli of the lung" The larger panicles
emilled. which aIe app,o.imatdy 5 urn in diamete'. are formed ,,'hen
l.ad deposited on lhe imide of lhe ..haust s)'''.m flakes off due to
mechanical >ib'alion. These i»lrtid.. arc dense and only t'a"cl 'hon
dimnce. (l)"picall) up to 200 m from the poinl of emis.sion). If inhaled,
lhey a,e deposil.d in lhe UppeT 'c>pi,alOr) lraCI and swept upwards by
eiliaty aClion and .ub,equen,ly ,,,'allowed, The ioad in one cubic melre
of ai' i. 5 _25 ug al bu~)' cily interseclion' 2 m above the curb, 0.5· l ug
in .uburb.n ga,den, and 0, I 100.5 ug in rural ar.a, away from roads.
Pallicle .iu·di~tribuliun measuremenl~ arc ,ar.ly pe,formed. Concen-
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lration' in buildings when till: "indow' are dosed are aboUl half of
lhooe outsid.,

Lnd in lh. du5tfall from air i' r.!ained in lhe ,urface so~ and ac_
cumulal.' 1000lher wilh Ibat d.ri,·«1 from decaying ".g.ration. High
Iud COntent, (up to I g kg or more) hl\'e been found in soils n.ar
indu5\ria! SOurCe, and in roadside du,' in the vicinily of beavy u-aflic.
In wal.r. lead ;, partially absorbed by sedim.nts and lraD$p.>Tted with
Ih.m. uad concenlrat;ons in natural waters are aboul 10 ua:Jlitre.

b) ED«I' of Uod

Plant$: Lead is not 10'io 10 planls al aoy concenrration normally found
in soils.

Dom~Slic Animau: The most sensitive domeslic animals ase YOWlll
hones. The enimated lelhal dietary b'd is 100 mg lead kg dry weight
of fee<! or 2 mg lead kg live ""eighl of animal per day, wben 1«1 at
thi' 1.,'.1 o,'er many weeks. Some dealh$ of coli' hl\'. been ",ported
near lead ,m.llers.

Aquaric Animals: Th. to.icity of lead to aqualic animal. ,ari.. with
lhe lemperalu",. pH and hardn.., of the wal.r, in particular, The mOSl
sen,iti"e spec;.. (e.a:-, sallnon and trout) die alter 4 day•••posure to
0.14 • 1.0 mg lead/iiI'" in soft Walet.

Mall: Adults-The often-hurd 'tatemenl lhat "Iead is a cumulative
poison" is only lruc fOI iotakes abo"" normaL For mOSl people. \he lead
absorbed from the a1imenlary nacl and lungs (th. uprake) is balanc«l
by exc"'tion ,'ia hair, sw.al, gaslro-iote5tinal tract and by way of
the urin•. If lead uplake rises, the rate of ..c",tion follow> this trend,
bUl it may r.quire many monlh$ Of )'ean 10 achie,-. a n.w equilibrium.
The .xce.. uplat., if limited, w~1 be stortd in the bones whert; it is
larg.ly in.rt and does not produce \he s)'mploms of lead intoxicatioo
(9~~ of total body burd.n is localed in the bones). Only if lhe eXces,
rate of Iud uptat••xc.«I, lh. ral. al whicb \he .I.meot can be: laid
down in the bon.. willlhe SOfl tissue conc<TIn.tion rise to gi"ethe typical
S)'mplom. of lead poisoning, This is a reversible process and most aduU'
wbo ,uffer from lead poisonini recO>'et without permanent bam! when
exce.. uptake terminales. Th. half·hfe of lead in adult bones is estimated
10 be: se'eral years. Ciinical 'ymptom, of poisoning do oot oceur io the
adult umil the blood lead ,-a!u.. ~, to at leasl 80 ug/IOO g whole
blood. Oinical effects include all.mia, basoph~ stippling of red blood
eell" kidney damage wilh amiooaciduria, tiredn.... Ilaslro-inte,tina!
distress with constil»'tion Or di.,,-hoe;t, and nou..a. P.rmanent oour<>­
10gical eonsequenees may OCCur in 2~% of those case, of acute lead
.ncepbalopathy occurring in children.

Criteria arc requit«l to rdal. the uptake (th. lotal amount of lead

absorbed by lb. bOOy) to tbe above stag... The uptake i, not me..ured
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directly, bUI cakulated from Ihe intake and adjulted us,ng an absorption
factor,

MOOI Icad uptah is d<ri,'ed from f<>Jd in which the lead content
.aries greatly, Older ..timates in North America and pr=nt ostimat..,
in Brilain 'aggcSI that the avcrage person ingestS about 300 ug da}'
wilh greal uriation from day to day llttonling 10 the food ..kc~d.
More ,,,,,cnl ..t,mates from diel "udies in Canadian cili.. and On con­
.ic" in Ne" York prison" togcther "ith faecal anal)'1<'S of American
women, indicale the intah 10 be 120 _ 140 ug day. Most authors agree
that OIlly aboul 10': of the lead in Ihe dict is ··dige..ed". SO thaI uptake
from f<>Jd "'iil be from i2 to 30 ug day.

Drinking "'atcr has an a"crage lead concentration of approximatel}
10 ug litre. With an intake of 2 Ida}', thc intah from Water "'ould be
2 ug lead day.

The calculation of Icad uptah from air for an u,ban d"'eller is more
difficuit to e..;malc. Firsl, the concentral;on of lead in all .aries accord_
ing to location, from bedroom to cily meet to office. s.ccond. the
dcposition of lead in the lung, ha' n",'cr been measured in a normal
urnan atmosphere. In'tead. the figure of 36'" measurcd by Kehoe on
lead "'''Iuioxide pa'ticles at a concentralion of 150 ug m', is assumed
to be a reasonable e..;mate, Recent c1""UOIl micrograph. of urban air
paniculate. by Lawther n ai, "",m to 'how "ery .man, dense panicles
aggregated on Ie.. den'" carbon panicle" The boha,iour 01 Ih...
aggregates in the lung i. unknown and rna}' "'ell be yery differcnt from
the ..tiOll 01 lead "'''Iuioxide. ~ad paruck., one<: deposited in the
al.'coli, are ....umed to be completely absorbed ,inee po" monem
analyse. of lungs hO"e .ho"·n the .ame lead concentration as thaI found
in other soh li"uc" Daily lead uptakc from lung, m.}' be r<:>ughl)'
..timated by mallipljing the following foctors:

15 m' of all inhaled day; I ug lead m' air a"eraged for 24 hours;
36', Mpositi<ln ;nhalcd lead in .I>'coli; 100'" absorption of dcpos­
ited lrad lor a lotal of 5 ug day.

The total normal Icad uptake from all "",,,,es i' then in the range of
19 to 37 ug day,

Epidemiological .ur,'ej'" in lhe Unilcd Stat.. show no correlation
hetween the b!ood Icad .alues of ,uburban "'omen (mcan lboul 16
ug 100 g) and ..posurc to lir lead <;Of\CenltltiOll' in tl\c rang. 1 to
3.S ug m' (annual mcans), Kehoe ,ho"'ed that I ,ubject whose IOtal
lead ingc'Stion waS 600 ug, day (60 ug Uptake I was <lill in equilibriam.
Ing..tion of 3000 ug d.y (300 ug Uptlke) Tesulted in a net accumu_
la,;on, although the ..periment "'IS not cafried lOT a ,ulfioicnt time to
dete""ine ;f a ne'" equilibrium could be ~".blished before toxicity
'lmplon" en,ucd. Present-day indu.tr;al hygiene st;>ndards (299 ug
lead m' of air for an 8-hour day) ,uuc" thai an uptake of roughly
600 ug da} maj be ,u".inc<! ",ilh""t producing dinical symptom.,
but cau,ing blood lead 'alue< to rise to about &0 ug 100 g blood.
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Childrm-Conlparable figures for I.ad metabolism in children are not

~no,,'n. E~1rapolatiOllson the basis of body "'.ight eorre<:tions arc likel)
to ~ unreliable ""d the capacity for slOrage in bone i' moM c.rtainly
,'ery differenl. The s)'mptom, of I.ad poi>oning in childrcn differ from
tho.< of adullS, Tho<t "he ,u"i" a ••"ere case of encephalopath)'
may ~ permanently impaired, The fact that some cases h..'e blood
lead ,alu~ .llghtly abo" 40 ug 100 g i' """,etim., stat.d as .,'ide".e
that child'cn are more ,usceptible to l.ad poisoning than .dulls, This
rna) be ><>, but thc "pta~e of lead per ~g body "'eight rcquired to produc<:
those blood 10"ls is un~oo"n, It .hould be born. in mind that blood
only act. a> a carri.r of I.ad and i, nOl n«;",...r1l) closely relat.d 10
lead ooncenuation in the brain

Lead poisoning i, mo<t ohen induced in children by eating old lead
paint fa habit called pica) or in th. gooe,,1 population by drin~ing

soft waler>; that hO"o passed through lead pipe, or by con,uming con­
taminat.d, ill.gall)'-diMilled whi>~e)', None of th... CauS'" would secm
to hOlc a place in .n,ironmental monitoring. Lead in the air i, not as
)'et contributing to ill-health,

cj Frasil>i/il)' of Mra$urrmml

Lead in air i' .",U)' a.",y.d u,ing filters and high·"olume .ampl....
Panicle sizing i. more difficult, Th. lead in biol~ical sampl.. (a sm.11
as a drop of blood) can be m.asur.d fairly easily b) .tomic absorption
Qr amodic stripping wltemetr). although reproducibilit), may .ulfcr
b) u,ing sueh small sampl~, The lOtal amOunt of load r.lcased 10 ajr
in an}' area can be calculated from gasoline consumption figure. and,
as gasoline i. the main souree, Ing. changes in air concentrations ,,'ill
0111)' folio" chang.s in gasolin. con,umption or its lead content
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D. 7. (c) CAm-nUM

Cadmium is uni\OrS3l1y di'lributed in the natural environment at 10"
k"els. Local concentralions are found in asweiat>on with line. and
mO>l cadmium production is a by_product of lin< smelting, Major u,es
include electro-plating. pigments and electri<aI uses,

Some ri.'e" carr)' substantial quanl,lies of <admium: il i' not }'et
<lear whether thi, ~, deriw<l primarll)- from natural SOU"'eS or from
leaching or mine lailings, Effluents from electroplating indu'tries can
aim <ontain <admium

Smelte" <an release eadmium into the air but air Iranspan of t!le
particles is Usuall}' shon-unge and ,ignificant conlamination only occu"
within a few kilometre, of lhe "",,,,e,

Cadmium i, taken up from ""ii' by plants and from "'ater b)-' aquatic
plants and animals, Highest oonccntralion facto" (IOJ _ 10') ha"
been reported for plankton and 'hell/i,h. Cadmium le'el, do nO! appear
to increase in pas,age up food <hains. but relati"e1y high Io'el. ha,'e
been reported in ",me long.li,·ed marine bird, and mammal" Among
animal. used for human food, highe.t concentutions are found in shell
fish (often I ppm and up to 20-50 ppm in ",me polluted areas).

EOeers

Some ad"erse biological effects has'e been reponed in highly polluted
areas near ,melte". but these cannot be uniquely as""'iated w'ith cad_
mium in the presence of OIher pollutant" Ad"e"" effect' on repro­
duction of fi'h ha'e been reponed in the laboratory al le.el, (1-10
ug litre) .imilar 10 those found in many natural fresh "'ate", Hov.'­
ever, no unequi.'ocal ad"e"" effects on natural populations ha"e been
de""",.trated.

An O\ltbruk of cadmium poisoning occurred in Japan in 'he 1940',
wd was <ailed '"itai.itai" disease, It was r~tticted to wOmen O'o'er 40
who had borne ..,'eul children and Ii,'ed in one polluted aroa, Ob"ioUSI)'
other fac;tors than ~adium wero inmh'ed and tM complete explanation
;s now unlikely to be known as new ca,,,, no looger ari,e.

Cadmium is polentially one of thc mo>' dangerou, toxic elements a,
it i. truly act:llmulated in the human body, Estimation' of the half-life
of cadmium in human, are imprecise. but arc around 20-30 }'ca". The
greater pan of the total body burden i' stored in the liver and kidne)'
oon.x which i. Ihe most ..n'iti"e organ, When cadmium concentralion
reac;he. 200 mg kg in the kidney conex, symptom' of kidney d.mage
(protein in the urine) appear. Cadmium in the body ri..s to a m""imum
at about ago 50. Cadmium in the kidney cone' of normal population,
i' about 25-50 ms kg. It has al", been 'U"osted that higher exposures
to cadmium are statisticall}' lISS<Xiated with renal i..haemic ~yper.

ten'ion and ele".ted death rates, Although this b not uni,'e"ally ac;.
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c~pted. the saf~ty margin i' s.mall and COncern should be exproued for
high e"jXlSu'" groups ,",ch a, habitual ,he116,h eate ....

E'timate> "f human int~'e from all wurees (m.ioly from food)
range from IS to 70 ug d.~, Locally significant int••es may OCCur
from drinking w.tn Ab>orplion from lhe gut is low. about SO;{, but
'Morphon Ihrough the luni' is much more ellicient .nd the", is wme
~,idenee th.1 cigarelle .moke... inge't ,ignifieanlly larser quantitie'
(up to 3 times larger) Ih.o noo·'moke .... It caD be cakulat~d thai an
inla" of 62 ug day ,,';11 produce a kidney corteX concentralion of
SO mg kg by age SO,

The relali"e proportion of the p=nt cadmium intake d..i.'.d from
"nalural"" cadmium alwa)', prescnt in the cn"ironment oompared ,,'ilh
"pollutant" cadmium released by' man', acti"ities i, unknown.

Monitoring

A number of melhod, are a'ailabl. for estimating cadmium level. in
en"ironmental ....mpl"". Although thesc haH given good result. ,,'hen
earcfull)" calibrated. interlaboratory comparison, ha"c oftCn ,hown poor
agr~emenl. Effort, to impro'e ,tandardiUltion of techniques ar~ nuded
befoTt: a large·scale monitoring scheme can be sct up, Food. especially
'hellli'h from polluiN areas. 'hould be the main concem.

Friberg, L. P&ator. M. and Nordberg. G. (1971) Cadmium in tho
En"ironment. Chemical Rubber Co. P""" CI."eland.

Friberg. L. ct ai, (1973) Cadmium in the eo.'ironm.nt. II. Office of
R=arch aod Monitoring. U.S. En,'ironm.nt Prmcct;on Agency.
Washington. Repon EPA·!U-73-190.

Fulkerson. W, and Goeller. RE, (1973) Cadmium~lhe di"ipat~d

element. O.k Ridge N.tional Laboratory Report ORNL-NSF-EP-

"Nobbs. CL (1973) Cadmium a<>d the en,·ironment-loxicit),. cconomy.
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D.8 H,\UXiENATED ORGANIC COMPOUKDS

Re,idues of chlorinaiN hydrocarbon•• particularly DDT. il< melabolite.
DOE, pol)"chlorinatrd biphenyls (PCB's) and dieldrin, ha.'e been ideoti·
fied in man and wildlif~ from e\"~n isolaiN r~gion. of th. world. Chemi'"
i~itjaUy d."elope<! halogenated organ;c <h.micats for their inherent
'labilit)· agaio.t phy,ical and biological degradation, They ha"e been
used widely in a number of indu'trial application•. Some are biologirally
active and u<c:d cxten,i"d)' a, persi".nt pe"ieides, G.ne",lIy, com­
pounds id<ntified as ha"ing ,ignificant en"ironmental effcc" contain
chlorin.,
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There i~ >!rong e'idence that DDT and its metabolite DOE. dieldrin
and polychlorinated biphenyls (PCB's) ha"e .i~nif1cantly contributed.
•ingularly or in oombin3tion with other pollutanl>. to population de­
clines in a number of fi.h and fi'h eating bird,.

DDT and its metabolites. dieldrin and PCB's are concentrated from
water into tbe fau}' tissues of fi'h and other aquatic organi,m, by up to
one hundred thousand times. Thus. the exposure uf aquatic urgani.m'
to ....mingly insignificant le,·e1. of these pollutan" Oan result in l.,els
which are of biologioal significance_ Chlorinated hydrocaroom tend to
accumulate in large la~es and ocean, "hioh act as .inh. !t is thus nOt
surprising that high residues and population, demonstrated 10 be
affected by chlorinated hydrocaroons are a'sociated "'ith fish and fish_
eating birds.

The deleteriou' effects of dieldrin and other chlorinated hydr<>­
carlx,r" ha'-e alw been linked to population decline' in terrestrial organ­
ism...posed through the application of the'" in..cticide, in agricultural
and forest pest oontrol program,.

/s man aJJ«led by' rh/orirl"'ed hydroca,bon,'

Generally. chlorinated hydrocar!><nu are not particularly toxic to mam­
mals. At the present le,·e1. found in the en"ironment. dieldrin. PCB's
or DDT are not expected to produoe signifloant eff..,,, in the general
popu!ati<)n. Of OOUl'$< Ihe diet of the general population dO<'$ not include
large quatnt;ti« of food 'uch as fish. containing the higher le"el< of
chlorinated hydrocarbon,. H"",,'·er. breaSl-fed infant' do recei'e rela­
ti"ely high e.posure to chlorinated hydrocarbons including PCB',.
dieldrin and DDT and its metaoolites. Le"els of aldrin and dieldrin in
human mll~ (locally e"oeeding 0.\ ppm) approach le'el' which affect
laboratory animals,

An outbreak of mass human poi"""ing through consumption of rice
oil containinl! PCB's was reponed in Jap.n. The lowest exposure cau,­
ing elf..,lS i. estimated to be about 200 u~ kg day, It is likely Ihat the
observable elf..,lS were relaled to eX'n:mclj IOXil: OQntam;nants. ohlor­
inated dibenzofurans (CDBFs) found in some commercial mixture'
of PCB·s.

What lUe rhe demonslraled effeers of PCW. dield,in, VDT and DDE'

The reproducti"e ,ucce.. of both mammal' and bird' can be .."erel)'
deorease<l upon continued e~posure of laooratory animal' to the..
compound._ Some of the eff..,,, "'hkh lead to a d..,erased reproducti"e
suc,,",s inClude d..,,,,ased hatchibility. increased egg production. delayed
Increased ,usceptibility to di...... d.."eased egg prodl>Ction. delayed
breeding. the production of thin-shelled eggs and decreased litter size.
Both aquatk in"enebrat.. and "enebrates ore affected at 10" le'el' of
t..... ohlorinated h}'drocarbons in the water. Dieldrin is mOre toxic
than eilher DDT or PCB', upon a .hon e~posure Some of the other
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.ff«:t. includ. induction 01 mic""",,",ol .n~ym." porphyria, immuno­
supp,...,ion and d«:reascd r.,i,tance 10 ,tf.U. Combined .ff«:t' of thc
~hlo'inated hydrocarbon, ha,. becn obsc"ed and total residues of
chlorinated hydmcarbon, al the higher trOphic 1c,~I, do exce.d thos.
"hich Can produc. ~ff«:t' in labor.tory animal•.

II'h~, au 'hc cOec15 0/ Ihc declining produclion of DDT. PCB'.
and di~ldrin?

Model. indicat. that the .tmospheric cyCling of 'hcl" pe"ist.nt pol­
lut.nt' thr""ghout the "orld i' accompanied by a significant lag before
the ocean 'ink will refl«:t thi, d..linc or other change, in the u... p.t­
tern, of persistent chlorinatc<:l hydrocarbons.

Melhods of MeQsurement:

DDT. PCB', and di.ldrin Can be mca,ulcd qualiWi,ely in en,jron­
mental >amples by mean, of g....liquid chromatogrophy with el«:tron·
captiw detection. Boc,"" of the large number 01 organochlorine and
other interfering ,ub>t.ne••. periodic ~onfinnation of identifocation
"ith malS 'pectrometry i' n.......l'. Tcehniqu•• are <clath-e1l' Itandard·
ized and $011\. intefn~tional agr~ement "" melhods h'" already be.n
reached, The Codex Alimcnlllriu, (1972) rccommelKls monitorini
methods for biological mat.,ials and water, Ho"'e'er, th. required
equipment is relativ.ly "'Phi'ticated, anall"" are 'low and time­
con,uming and con,iMrabl~ efforts in training and standardization
""QuId be nceded befofe a large-..ale monitoring ,)..Iem can be "'I
up. Thu,. it will be noc""sa0 to c""",", indicator ,pecies with .xlrCm.
care if a meaningful and economically_real;,t;c program i, to be devel­
oped, Since fi,h or mollu,k, concentrate chlorinated hydrocarbons.
they can ",,,e as beller monito" than direct ,ampling of drinking "ater.
For most of the other chlorinate<! h)'drocarbon" adequate analytical
method' arc at pr~..nt in the de'elopment ,tage.

Th. monitoring program mu,t contain pro'i,ion. lor the periodic
",,-ie,," .nd inclu.ion of other chlorin.ted h)'drocarbon, which may be
recognized in 'he future as ha,ins dcletcrioa' cm-ironmental effects
Particularl;, tho progfam $hwld con,ider the inClu,ion of chlorin.ted
dibenzofu'ans and chlorinate<! dibenZ<J-p--dio~in, in the fulure. Th...
compound, haye been iden'ified 1$ e'trcm.l)' to_'ic cont<lmin.n" in
miK{urcs of PCU', and deri"ti,-", of cblorophenol" An.iytieal tech­
nique, arc not pre",ntll ..pable of detecting Ihe>!' compound, in en_
,-ironm.ntal ,amples at the lowest le'el. ,,'her. toxic ~!Iec" are expected
to occur. The)' arc po...-erful mutagens or tcratogen, and the mOS' com­
mon effect of human exposure i. chloracne.
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D, 9. PETROLEU~1 HYDROCARBO"S IN WATER

Crude <>ib are developed in nature b}' the dec-nmposi!ion of animal.
and plants in sediment< laid down mainl} und.r estuarine and marine
condition. of rapid srdimema1ion. They are usually found in Tertial')'
formation' and collect in geological restt""i", from "'hich they aro
abstracted by drilling.

Oils vary grtatl}' in [heir composition and pl1y,i<:al properties. The
principal component hydrocarbon, .~ straight and branChed chain
paraffin,. naphthcne, and aromatic<, lmpuritie, arc m.inl}' ,ulphur
compound,. nickel .nd "nod;um. u,uoll) in low concentration,. The
quamities ,pi\led during the production. transport or h.nd\ing of oil.
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~ith~r b)' a<~ident or de,lgn ha"e b«n eSlimali:<l to be well in exec..
of 10" toni per year. Alm"" all oil ,pill. occur at sea. the grcal<:11
quantities r...ulting from lanhr accident•• of which Ihe ,omy Canyon'
Ipill of 1967 of mo", Ihan 100.000 ton, i' Ihe largesl SO far recorded.
alow outs from exploratory and produelion "'ell' a<~ounl for a smaller
proportion bul include the Santa Barbara Californian .pill of 10­
20.000 IOns. Small.. hul more persi,lent seepages are common from pipe:
lines al production platfonns aod at lenninats.

Pelroleum hydro::arbonl are no! panicularly biodevadable. although
microbial ao*ity is belleved to be effecli.'e in """,e instancn and is the
subjecl of conlinuing study at Ihe pre,ent lime.

b) EO«I.

The hazard' cau,ed by escaping oil' are in part due to Ibeir viscous
nature when on the surface of the sea. Numerous and well aUlbenticated
repom record Ibe deaths 01 birds (somelimes in thou""nd.) alighting
or diving Ihrough the ,uriace of od slicks. and of mammal' (,,·hales.
porpoises. seals. ete.) "'hich break lhe suriace periodically. and are in
pan due to the toxicil)' of some oils.

The'" is substanlial ~,'idence Ihat hydrocaIbons of low' ~arbon number
are more toxic than th"'e of l1igl1 carbon number and Ihat th~ order of
toxicity of h)dro:arbons of like eart.on numher ;, in descending order
of aromalic h)'drocarbons, napthen.. and paraffin,. Mool oil. are toxic
on firsl release Ihrough the "'lution and emUlsification of Ihe Iighler
fra<lions. bUI dependent upon waler IcmperatU'" and wind conditions,
the vealer pan of the lighter fractions are lost rather quickly 10 the air
by ",'aporation, Wealhered oil of 2 or more days in the sea i, remarkahly
non-lethal 10 marine organi.ms.

The main hazard' of oil pollution 10 marine organisms art: probably
due to long-term, 10" concentrations. bUlthere is " need for continuing
and more intcnsi.'e resear~h on the ,ublethal effects of olls. expressed
as lowered 'iabih')· to other en,ironmenlal ures,"s, and in low'ered
growlh rates and ",producti.. capaci!)',

The ocean, haye a r.thcr large a"imil.,i" capacity. of course. In
estuaric" inland lak~s and marshes. on the other hondo oii oan aooumu_
lat. in hoItom oedim~n1S. r",ullmg ullimately tn the dealh of mi~ro­

organisms and th~ irnpo>erishmen, of hottom fauna. aengtsson and
8ergp,ren (1972) h3\o d""'hed alak. n~ar Stockhoim thaI is in Ihi,
condilion, "hile Ehrhanh (1972) has f""nd petroleum hydro::arbons,
iDduding aromalics, in O»tcrs in Gal"",t"" Ba}, T~xas.

~) Fe,..ibilil)' oj me~,,,,em.m

Oil presenc~ in Ih. oceans ~an be monitor«l a5 'isibk ,heen,. by inrnr«l
photography. by gas ~hromatography anal)''''' (Ehrhardt and Illumer,
1972) and by lhe abund.n~e or tar balls and residuos ""hieh are rela_

ti'e1y r~,islenl to ",'aporation and biodegradalion. The measurement



ofTolal Organic Carbon (TOC) may be con'enienl For m.e on the global
""alo. Also, it must be emphasitt<J the h)'drocarbon_tH'" dnu"nts
"xert an ox)'gen demand (on ""'<i,'ing ",al<,..) lhat is mostly of the
ehemic«1 rather than the bk"chem;c,,1 typ<; lor this reason. measur...
menl of Chemic,,1 Oxygen Otm"nll will gi," more meaningful infor_
mation than Biochemical Oxyg<n D<mand (BOD),
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0, 10. SELECTED I:-;DICATORS OF WATER QUALITY

a) Bi.,.-hemieo/ OXJgm dem""J (/JOD):

Thi' is a ICSI that measures ,he amount of oxygen (in milligrams p<r
liter) required for the biological degradation of organic maller in water.
11 is a relali'ely simple test to perf"'m. and is u.uall)' done On a S·da)
basis during which the ,ample i, in<ubaled .t 20 C, ""ith re,ull' ",.
pressed as a "BOD" Yaluc, A. ,u"h, lhe lelt is also a mca,urem"nt
of the fate of o~ygen requirement in a S-d.)' pcriocl, and this infor.
malion is imporlanl because too high an o,),£cn demand can deple'"
the dissolved oXYi:en roncemration in rccci'ini: water> (as discu,,,,,d
in lhe next ,""ction). Howe"cr. i' must be undcf>l<x><! lhat llie BOD
lesl i. not a measuremenl 01 the 101,,1 "xlgen d"m""d; in,tead, i' pro­
~ides "" eSlimate of 'he ,hon_lerm oxygen dem.nd. Roc,,", ro"'areh
indicates that BOD IC," .hOlJld be ,upplemen,ed by me",uremcm. of
concomitant Chernk.l Ox)"gen Demand (COD), "'hich is a much more

'"



rapid <cSt that pro. ide' a me",uremcnt of 'hc oXHcn dcmand arising
from ;<rictly chemical (i,e" non.biologkal) reactions, BOD, meaSure·
men,s arc of panicular significance in grossly pollute<! w.tcn; other.
"i>c. 'he BOD valu<"l will usually be belm>' S milligrams per li\<:f, and
bel"", 2 milligram, reT liter in rela'I\'<I)' uncon'amina,e<! waleTS.

Ano'her mc'tIOO for pot<ntial oxygen d<malKl is coming inro u>c: ,h;s
i. a mea,ur<mcn, of Total Organk Carbon (TOC) w'hich is e"cn mOre
rapid to perform Ihan thc COD t..,; h"""ner, TOC measuremenlS
r"'lUlrc ,pecial imtrumenlalion and, 'herdore. ma}' nOI be "' con·
\enient.

b) Dissolved Qx)'gclt (DO);

This i' undouble<!ly one of Ih< m",' imponanl indi<:a'oR of w'aler
qualily. in lerm, of ecological e.alua,ion. Just as human beings an:
dependent on thc o,}'gcn present in 'hc air Ihc)' breathc. SO fish and
olher aquatic life arc dependent on Ihe diswhed o'ygcn content of
Ihe waler. The ""turalion-point of n,ygen in "ater is temperature·
dependenl: a, 20 C, the wiubiiily of o,}'gen in W'atel i' 9.1 milligrams
per liter: al 2S"C, il i' 7,S milligrams per liler, When I..ge quantities
of wa"e-malerial, are di",..ded into waterwa>s, 'bey Can requin: more
o'}'gen (for Iheir dc<:omp"'ilion) 'han can be supplied by (he fttCioing
wa'ers: this can be a long-term process, ..peci~lI)· when some wastes
>cUle and accumulale on (hc oouom where Ihe)' underg<! gradual de·
composition. The eonsequence of ,his can be ~ feduction, and e\'en
depletion, of the watef', di,soh'ed oxygen. Not onl}' does this impose a
Slrc,' on aqualic life. bul it can e,,"ntually dimina'e many specie< that
are "aluablc to man. FUf1hcrmore. the dopletion of dissolved oxygen can
meon ,hat the =umulated "ast... ,,'ill then undergo deeomp"'ition by
an""robk (i.c., non.."ida'i\e) procCSS"" with roneomitant production
of malodorous gllSl:; sueh as hydrogen sulfide, The end.result can be a
stagnant. putrid bod) of woter. As a mere illustration of e,tremes,
a di"ol.·ed o,ygcn cOllcentrati"" of greater Ihan 7 milligrams per liler
can be lermed dcsi ..ble, but concentrations belo" 2 milligrams per li(O'
an: 'icwo<! a, undesirable. In SO saying. it muSl Ix rememlxred that. in
la~ bodi.. of Wa'er such as tales, the "natural" di>tribu.tiOll of dis­
soh«l O'}'gon will "al)' att<lnling (0 depth: in comparison, a turbulent
stro.m will h..e a more uniforml}'-mi'cd di,"ibution of oxy~n. Di...
whed CAlgen is easily measured by titration or continuous f'e<:oroers.

c) pH:

The term "pH" refers ro Ihe negati,c logarithm of the fT« hydrogen
ions pre",nt in water. Accordingl)', 'his means 'hat a Inw pH refers to
high acidity. "· .... reas a high pH is indicati.e of high alkalinity. Thc
discharg< of ",.ltC'S tha' are either highly acid or highly alkaline can
ha\"c a ..,"ere impact, panicularfy in reeeh'ing "alers Iha' ha,"e a low

mineral rontent (and thUS, "ill ha'"e low "buffering capacity"), be<:ause



there are nOI enO\lgh chemical. in the "aler to permil "neulrali,a,ion"
of 'he acid' or alkoli,. If the pH of Ihe rec.iving wa'CI"$ <>ccomes too
low or too high, ,he water can ha a corr""i,·. qual ill' and can ad_
,'e""ly aff<c' aqua'M: life. For in'lanc•. extreme 1'1-1 ..alu... ,uch '" a
low pH of 3 or a high pH of II can kill all fi'h ,pede. "'ithin a few
hO\lI"$, whereas ,here i, fa;rly general agreement thl a d..irabk pH
range: iJ within 6.S '0 8.5. Varia'ion. abo.. or below 'his optimum
range: can, if su,lained, impose ",,'ere .Ire.. on some .pecies of aqualic
life. It i, also important 10 mrnlion lhat SOme toxic 'Ubslances thaI
may be rd.ased in walor can h..'e enhanced toxic properties in certain
r.gion. of Ih. 1'1-1 §cale; with melallic pollulants. lhi, i, bttausc of their
gell<Crally grealer solubility in acidic "'al<I'< (i.e.. low pH). The pH of
water can be ....ily me...ured by inexpen,ive f'eld me'hods .. well a'
conlinuou,ly.rccording apparalu,.

d) Coliform b""u,ia:

The meaSurements of these organi,ms in waler are ex'remely importanl
from the poinl of ,'iew of safeguarding human health. They arise from
rootamination of ...ater by fecal wasles. and can eonlaminate ,hellfi'h
or other forms of aqua'ic life u<cd by man a, a food....,urce, in addition
10 contami03ting drinking water and balhing area', Thi' t}'pe of
organism is measured by meaM of a bacteriological ,esl, and can be
don. u,ing a rapid filter·membrane lechnique. In Canada, the PTo,'ince
of Onlario has scI a "Recommended"" k'e1 which must not exceed 100
loral coliform" nor ex...,d \0 lecal e<>liForm" nOr excced I f<cal
streptococcu, (all "alues w"en in ""MOSI Probable Numhcl"$ per tOO
millilitel'< of ..'ater"", as deri,'ed From actual counting of culture, grown
on bacleriological plate» .

• ) Amm""ia:

This ,ubSlance can be very lO'ic 10 aqualic life, "pcci.lly when present
in lhe "free ammon;a" (i,e" NH) form. The proportion of tOla.! am­
monia Ihat exi't' in wa,er as ""Free ammonia" deper>d, on pH and waler
I.mperature, with higher pH and or temperature ....u!ting in a greater
proportion of ""free ammonia"" in water. For long-term condilion', "free
ammonia" concen,rali"", greater than 0,025 milligram' per lile' can
ad"e""ly affect aquatic life_form,. Ammonia mea,urement, can be
done ea,ily by meanS of c1as,;c laborato'} l<Chniqu....
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D. II. NITRATES. NITRITES AND NlTROSA~f1NES

The COnsumplion of food and ...Ier conlaining nitrite or nitrato can
Itad 10 impairmenl of oxygen lran'pon in lhe blood (melhemoglobin_
emia or "'blue baby di..asc"). The'" h",'e been lndkalions of an inler·
aclion bel,.-een nitrale and h}'pcnell'lion pallern, in man. including in·
e"'....d he.n rale, decreased blood pressure and eirculalory collapse.
Nitrile may reacr wilh amine> 10 form ni"",am;n.... hkh are knO"'n 10
h3\'e carcinogenic, mUlagenic and lerulogenic e/Iccl$ in experimenlal
animal" often at "ery low e,\posure Ie,'cls. Animals haR beco",c in or
died aller consuming feed or warer conlaining large amounts of nitrate
or nitrile, especially in droughl·affected areas. Animals reeei,'ing nitrale
or nitrile m'er long periods of time may suffer abnormalilies leading
10 reduced produeli,il)'. Such chron;' loxicil}' is m"'l likely to be ..en
in Ihe "er)' young, lhe old. lhe sick and lhe poorl;-fed animal and mOSt
frequently in cold wealher. In wry eoid en,ironmenl$. n;lfale can func­
lion as an anlilhyroid subslance by '"washing OUI'" iodine. High nilralC
or nitrile le"els in feed and waler may lead 10 V;lamin A doficienciC$
b)' destroying carolene or inlerfering wilh lhe ulilizalion of Vilamin A.
In addilion, reproduction and lactation in animal" .. well as dillC$li_

bilily of feed are ad"e""I}' affected.
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Vegetable. such as beets, ~pin~h. bretto)i. cdcr}', Icnuee, radish..,
kale, mustard greens and collards mal accumulate large quantiti .. of
nitl'llte. F~to ... leading to such accumulation include the 1"'el of
applied fertili,er. nUlrient deficienci... low light intensity, drought and
insect damage. Nitrite accumulat.. in plants as the ~ult of brui.ing or
processes in"ol,ing bacterial !ermenlalion, luch as en~ilage. Concern i'
ri.ing O\'er the accumulation of nitrate in some surface "'ater. ground­
""31er and ",eU.",·.te" ",he~ concentration..... ~l'nnd recommended
Ie"el" remo"al from drinking water rna) bttome noc..,a,)'_

Some recent studies ha"e linked esophageal caneer in humans to
dimethylnitrosamine deriwd from natural sourc... While mi~tur.. of
nitr.te and nitrite used to prese",:e and cure meat and t"h a~ u.ualll'
subject to legal tolerances, nitrosamines, ",h;ch can he tox;'" to man and
animals, arc lound to occur most frequently in ,uch proce"cd food•.
Monitoring i. ~quired to estimate the hazard thi' pos<'S to man and to
establi'h ",-hetMr niuosamines a~ fOlJnd in soil or natural bodies of
water ,,'h;ch contain appreciable amount. of nitrale or niuite.

Although nitrogen is abundant and e""ntial for all li'ing things,
,upplies 01 the form. a.'ail.ble to plant, and needed for crop production
aro inadequate in man)' parIs of the ",orld, Man ha' compensated for
this b)' u.ing animal and human manu... b>' cuhi,-.ting legum... and b)'
appl)'ing chemical fenilizet<. This expal\dcd u>c of nitrogen. 'Oilether
with ~lea," from feedlot', municipal and indu'trial ",.,t... refu>c
dumps and emissIon, from internal combustion engino., ha, tended to
enrich the suppl)' of a'ailable nitrogen in "'ater bodi... Although phos_
phorous has ""'ehod panicular al1entIDn in efforts to maintain water
qual it}' by limiting gr",,·th of ",..,.d, and algae. it i' nitrogen that con_
trols algal grow·th and eutmphkation in coa'tal "atet< and "'luarie"
The measurement of nitmte and nitrito in 'ariou. modia prc>cnt, no
panicular difficult} from the ,'Iewpoint of method' of chemical analysi,.
H"""",'er, pre",nt method, utilizing colmimc'')'. 'hin.layer chromato­
graph}'. gas chromatograph)'. and maSS 'p«trOlTlCtrl are inadequate
for monitoring the occurrence and quan'i'> of nitrosamine' in foods_
Thus, the... is a critical need for an acCurate and rdiabk method to
fill 'ital gaps in this ..... of gro"'ing COncern_
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D 12, E'VIRONMENTAL RADIOACTIVITY

Radi""e'i'e m>tcriab aT< pm-enl in the en,ironn,enl boIh as a result of
nalural PT<,X;c'>c. and man', .eli'iti«. Thr'" radioaeli'e material' emit
ionizing radiation, which ar< a polenlial hazard to those exposed 10
tllem. Tile numerical estimate' of Ihe ri.~, of damage lrom ,uch ex­
posures Con.lllutc the cri..". on .. hich ...fet)' stand.rd. mal' be basc<J.

The rele... uf m.n-m3de radioacll'i'y 10 the en'ironmem Ilas in llle
past !C.ulted maInly from nllelear "'..apon le>ling and. '0. lesser exlent.
lrom lhe oper.tion 01 nllelear pow'er plants. Tile r3dioacli'e materi.ls
are eilher rele.>Cd 10 lhe .tmo>phere or to walerway. and. from there.
can be tran.ported to lh. food chain 01 man. Some ,adio.c,i,'e material
in lhe almosphere will be absorbed directly by inhal.tion. The iogestion
of conlaminOl.d food and lhe mhalalion 01 oontarninaled air results
In inlem.l e,'p"'ure of thc populalion to r3dioacli'I!;, Furthermore.
m.n e.n be exposed directly to ionizing radiotion emilled by r.dio­
acti" mate,;al, in th. almo>phere 0' on lhe earth; lhi' i' termcd e,­
temal C'p<l>ure. The rediunuclide 'hal presents the greate,t hazard won
after .n en'ironmental rele.", is radioaeti'e iodine and those Ihat gi,'e
Ihe gre.le't «J'OS"re .t later lime' are r",boac,i"e "">alium and ..."ium,
Radio... i,e mOl"rial; .nd ionizing radiOlion e.n be mea,urc<J <k>wn '0

k"'.cr k'd, lhan an} ulhrr en,irunmenl,,1 contaminant>, In order to
a>"," adequately lhe d""" wmmnmenl I" human populalions from
en,;runnlenlal radi".eti,il), "i,. water. "nd loud,tuff, (for differenl
I;PCS uf diNS) ,hl)lJld b<: ,un eyed at bea" four lime> " l"ar.

The harmful eff""", ul iunlling nuli"iun are di'ide<J inw twO main
calegenle>: genrtie and ",malic. Genelic effects of ionizing radiation aT<

those .. hich arc Iran,mill,'d 10 fUlure ge"er~liun. by the exposed indi_
,idual,. Such h.l.3,d, re,ull frum radi.lion_inducN ,han£e. In the c"U,
in'oi>ed in "production. Genelic ri,ks ha\C lx"n "aluated bUl the
estimate' ",,,cr a "ide "n£c. Somali<: clTee!> of iunizing radiation arc
Ih"'" .. hich af< ",p,,,,,,,d in ,he eXI"»ed indl,idu,l, them",h"", The
main >Omalic hazard Ir"l11 luw le'cI, of r3diotion arc ,he developmen'
"Ileuhemia and 01 eance", P"""n, fi,~ e,timal., Indic.te lhal il all
mem~,., of " popul.,iun "I une million r""el\Cd a dose of one rad,
th,re 'muld re.ult a lifetime rl,k among the .,po,ed pcr><>n< of
appro'imalcly.

40 fatalities from leukaemia
100 fatalities lrom cancer
40 ca",,' 01 th;roid "ance, lu'u.ll) non_falal)

plu, 300-6OCKl gondie defect; in the next generaliun. Slncc lhe num_
erical .,tim"", of ri,k .t< ba>Cd un £"",ly incumpkte ~no"'kd£c, the
greatcst caUlion;, needed in dr.llin£ '1u.nli"li,'c condu,ion,. ",peei.ll;
where proteclion 01 human health and life is Imul'cd.

129



REFERE\'CES

Internalional Commi',i"n "n Radiol~ical P,o,,,,,,j,,,,. P"blioa,i"n 8.
Report f",C"mmiUtt I of ,lie ICRP, I,t Edition. 19M

Tbe Efkot, on P"pulation, of Exposu,"' t" l<>", u:'ols <>f lc,"i~inS

Radiation. Report of tile Ad,i",,) Commitleo on tbe Biol~ical

Effttt~ uf loni~inll Radiation. (BHEIR
B

). NAS-~RC. 1972,
Unit«l Nation~ (1964), Gene'al A"omblj, Ropon of tbe Unit«l

Nations $<ientifio Commiue< "n the Elfo"" of Atomk Radiation
(A 5814, GAo Off"'ial 'rtord,. 19tb s.".. Suppl. No, 17. Ch.
3. Pa'a 2).

Unit«l Nations (1972). General A,..mblj', Repon of the United
Nation' $<ienlific Comminee in the Effects of Atomic Radiation
A 8725. Official Reoonl' 27th Se«sion. Suppl. "". 25. Anne' A.
Para, 14).

'"




