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TOXICITY OF
METHYLCHLOROFORM TO
PRESHWATER ORGANISMS <P

Pabruary 23, 1979

by

H. R, McCarxty
Epvironmental Sociences Research Loboratory
Pow Chemical U.8.A.
Midland, Michigyan

ABSTRACT

resentaiive and a macroiivertebruta species in statlo vater testr.
The cold water fish species usad was vainbow trcut (Salmo gadr
dneri Kichardson). The warm water fish species used was blue-

gill (Lepomis macroghirus Ratinasqua). An aquatic invertabrato
reprasentative, Daphnis magna at:aua, was tested at 20°C,

The 96=hour LCS0 value for rainbow trout was 52(46-59)* mg/L
and for the bluegild 3¢ (51-68) mg/L, The 48-hour LCS0 for
daphnide was 11,2 (®.7=12.0) mg/L.

*984 Confidunce Interval




INTRODUCTION

+

Methylchloroform was evaluated for acute toxicity on a éold

watar {12°C) fish representative, a warm water (22°C) fish rep-
resentative and & macroinvertabrate species in atatic water tests.
The celd water fish species used was rainbow trout (Salmo gairdpexri
Richspdaon). The %.rm watss fish species used was bluegill
(Lepomis macroohirus Ratinesque). The acute fish and macroinver-
|tab:nto toxiclty tests were run in static water for the purpose of
pesticide registration.

MATERIALS & WETHODS

gamg;,o

The sample of mathylghloro!orm used for these acute toxioity tests

X R TY (=3

wag ldentified as mpthylchloro!orn pestiocide qrado.inoe TAON160L1.,

PRETEE S
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Analysis of this product shows 96.37% of the active ingredient,
1,1,1~trichlorcathane.

the test solutions were prepaved just prior to the start of the

test using methanol as the carrier solvent.




Water

Raw Lake Huron water was dechlorinated with avtivated carbon
£ileration prior to testing. This water exhibits chenioal
characteristios in the following ranges: dissolved oxygen
(0.0.)%, 7.4 wg/L) pR l.Ob: total alkalinity, 91,5 ma/l as Caco, )
total hardness, 128 mg/L as CacOys snecific vonductivity, 200
umho;/cmp and resistivity¥, ~570 ohms/em. Other data for raw
RBuron water prior to dechlorination by activated carbon are in
Table 17,

The static water acute toxicity teats follow the tant methods
described in the EPA publication, "Methods for Aoute. Toxioity

Teata with Pish, Macroinvertebratas, and Amphibinnn"’.

Fis

1. Rainbow Trout

+ B Wi iHRE s Wi M. - K e smi g 5w cms

The tsst ziuh. :sihﬁo& tfout. waroi¥na;;d in our laboratory.

Trout egge for rearing weras received g:om Mt. Lassen Trout Iarm,
Red Bluff, CA, on 7/25/78. wWhen tested, the fish had an average
weaight of 1.1 ¢ and ‘an average standard length of 38.) mm, 'The

average loading ‘per aquarium was 0,38 g¢/L.

byeilow Springs Instruments Hodel %4 ~ Oxygen Meter

blarqent-Woleh pH Meter =~ Hodel LS
Syellow Springs Instruments Medel 31 - Conduotivity Brlidge




TABLE X

RAW LAKE HURCN WATER ANALYSES

2
Terbidity as ppm 80, 2.3 | ' gf
Coloxr, APHA 3
Alkyl benzene sulfonate, ppm €0,
Arvenio, ppm <0.008
Barium, ppm *(1.,0)
Gadmium, ppm : ¢(Q,.01)
Chlorine, ppm 7.0
Chromium ppm *(0.09)
Copper, ppm 0.0} :
Cyanids, ppm '(0.0{) g
Pluoride, ppn 0.67; ;
Izon, ppm ' 6.1'
Lead, ppm “(0,08)
Magnesium ppm | 7.0
Manganese, ppnm *(0,09)
Nitrate, ppm *(0,1) ol .
Phenols, ppm oo mo.00h) L ———
| Selenium, ppm *(0.01)
; 8ilver, ppm *(0,03)
| Sulfate, ' ppm i2
Total dissoived solids, ppm 110
Zine, ppm ' *(0.3)
PCB's, ppm %(0.02 x 2073)
Meroury, ppb “(8)

“pParameter was below the limits oz dotoation vwhich are
included in parentheses.




The f4ish were kept in a 16-hr light/8=hr dark oyele. M aynthetio
dtet‘ was fod to all specimens, Feeding was stepped threa days

prior to the test to empty the digestive tract. fTest fish ware

placed inte the bicassay vessaels 24 hours éaﬁoro adding tha tenst

eompound,

Tests were conducted by placing @ liters of dachlexinatud Lzka

Huron watur in each vessel, a round glass agquarium mzasuring

22 om deep with a 24.5 om diameter, adding the £ish, then aera-

' ting., 12 no deaths occurred in 34 hours, aeraticn was stopped

and the test solution added with two liters of waésr for mixding,

making & total of 10 liters. Any vessel containing dead fich

was cleaned, t.l;t, and observed for another 24 hours prior to

compound addition. Constant temperature water tiough- maintained

the tempirature at 12°C ¢+ 1°C. Ten fish were axposed to sach con-
. centratiion of the compound., Observations wore made and recorded,

fgé and dend eiuﬁ removed at the asame time Lor four days (96 hours).

Death was used for the effect criterion.

. 2. Bluegill

Bluegill vere received from the Hebron National Fish Hutohexy,
Hebyorn, Ohio, on Septeambar 9, 1978, When tested, the average

weight of each fish was 1.1 & and an average standard langth of

3.7 mm. The average loading per aquarium was 0,53 g/L.
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The bluegill were acclimated for ton days at 22°C before testing,
They ware kept in l6«hr light/8~hr dark c¢ycle. The same synthatic ;
dlet wae fad to all fish during acalimution, .

Teating procedures of bluegill foilow that desoribed for tie . ; \

trout except temperature was maintained at 22 ¢+ 1°C. j: \

Raphnids
The statio acute toxiocity consisted of axposing daphnids reared -

in our laboratory to various concentrations of the materisl
being tested in dechlorinated Lake Huron water at a temperature
of 20°C, \

8toak solutions of methylohloroiorm were prepored using methanol .
ac a oarrier solvent. The concentration of the atook solution
was 200 mg/mL. Gtocke older than 48 hours ware discarded.

The required nmahnefo! ltock-lolueion vas 6dmbtncd with suffiolent
dechlorinated Laﬁ;1nuron‘waeor'eo make a tinuflzblnmo'32856b'mb .
in the 250 mL test beaker. A control was set using dechlorinated
Lake Huron water. Because methanol was used in the stock solution,
& second series of beakers ware exposed containing the largest
amount of solvent used in any concentration to ice as a solvent
control., The concentration of solvent in any beaker did not

exceed 0.5 mL/L. Ten first instar daphnids were then added to

each beeker and the boakers set in a constant temperature inocu-

bator. Three beakers ware used for sach axposure concentration
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and each control., The standard exposurae time was 46 houyrs,
Mortality data wera recorded at 24 and 48 hours., Death was de~
fined as no responsd to a gentle pradding. Dead daphnidy wovae

not ramoved from any beaker during the test,

Statistical Caloulations

For each set of moxrtality data, the LC values and their 959
confidenca intervils are given. Tha LC 50 is the estimated
concentration of the test material at which 50V of the test
organisms are dend at a specified time interval. This valuo
is determined using rinney's probit lnulyuins with a computer

program.

RESBULTE

Eiah
The 96-houxr LC 30 values of the two test specles are: rainbow
trout, %52 (46-39) mg/L, and bluegill, 58 (31~68) mg/L. 7

Statistical data for the different fish species vaed in these
acute toxioity tests are included in Table IX for rainbow trout
data and in Table III for Dluegill data, The 24, 48, 72 and

9¢ hour data is the same for the rainbow trout, tharefore, only
the 96 hourldnta is shown in Table II. No mortality ocourrad
ia. the control fish.




aphnida

The 48-hour LC 50 for daphnids was 11.2 (9,7+12,8) mg/L. ‘The 48<hour
LC 80 with its 95V confidence interval and slope were detezrmined

on Daphnhis magna ueing the computer proqruﬁ for FPinnaey's probit
analysie. The 24 and dd=hour data is shown as Teble LV, The 24-hour
data is insufficient for a valid probit analysis. Control daph-
nids exhibited a 7% mortality during the test, th; meats the
acceptahle oriteria of eﬁo EPA publication "Methods for Acuts
Toxlcity Tests with rish, Macroinverctebrates, and Anph&b&ana.“’
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TABLE I3

TOXICITY OF METHYLCHLOROFORM 10O RAINBOW TROUT

AND BTATISTICAL DATA
METHYL CHLORORORM STATIC ACUTE HLALNBUW TROUT 12C L1=21-78 96 MR

CONCENTRATION UNITS ARE YG/ML . .
l PAOAIT SLIOPEIUSING LIG CONColm  Lle21e 98X Colomd 0099 16472)

CH1=SQUARE FOR LACK OF FIT I3 2049 WITH 3 CAGRAES DF FUELOOM
CRITICAL VALURBIALPHA = ,09) IS 7.81

THERE WERE LO OBSERVATIONS AT IkCH CONCENTRATION

CONCs LOGLLQNG.) A ARESPONSE OQBS. PROBIT EXPos PROBIT
100,60 2,90 60, "TL L) 8.186
79.00 191 1] 0. bedl2 6786
46,00 1.7% 80, 3.841 8,364
w2.00 Leb2 10. J.T18 3904
32.00 151 . O GEUGLY 2640

LC  USTIMATE  LOWER Celo UPPER Cols
10 39.95 29,75 . 48,45 -
59 Sie9? 48,74 89,8

90 67460 59.3)° " " 9Led6




TABLE 11X

TOXZICITY OF METHYLCHLOROFORM TO BLUEGILL AND
STATISTICAL DATA

MET*VL SHLOARORORM STATIC ACUTE BLYEOILL 22C 11-21-78 24 KR

CUNCENTRATION UNETS ARE MO/ML
PRIBIT SLIPEBIYUSING LG CONCela 174080 99K Colonl 7601y 274091

CHI=SQUARE MO% LACK GF FIY 18 0.02 wi¥Y 2 OEGRUES OF FAEEOOM
CRITICAL VALUBIALPHA & +0%) 1S 5.99

THERE WERE 1O UBSERVATIONS AT %4CH CONCENTRATION

£

CAINGCe  LUSILONGS) % RESPONSE OBS%. PROBITY EXP. PROBIT
160,00 2 100, eREGS 7.993
16,00 1.88 80. S.041 8.0062
86.00 1478 10. d.718 J.099
42.00 leb2 G e 19680

LC ESTIMATE LOWER (.1, JPPER C.f.
19 LI TRY 42418 CY PR L)
$0 6670 59.9%6 The b8
90 19.39 7117 10%.20

METHYL CHLOROPORM UTATIC ACUTE BLUEBGILL 22C 11-21-78 48 HR
CUNCENTRATION UNITS ARE MG/ML
PROBIT SLIPEBIUSING LIOG CONCo)o B8e26e 95X Colol} 40920 1199

CHI=SQUARE FOR LACK OF FIT IS 16493 AITH 4 DEGNEES OF PREEDOM
GRITICAL VALUB(ALPHA & (0%) IS P49

THERE WERE 1O OBSERVATIONS AT EBACH CONCENTRAYION

CONCe LOOICONC. % RASPONSE OBS. PROBIT @%XP. PROBIY
100.00 2.39 100, Y- 1Y ] bbbl
71%.00 1.88 60. 9.041 5.506
86400 1e79 10, L PRAY ) he 840
42.00 1.62 0. Ty 35110
32,00 191 10. 3.718 2.%)8
26400 1.38 (o J8 Griaew 1.508

L3 ESTIMATE  LOWER C.1. UPPER C.1.
12 bhed) 32.08 52.04
39 6)s08 8919 7%42“
§¥0 91.36 7733 129.98
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TOXICITY OF METHYLCHLOROFORM TO BLUEGILL AND
' STATISTICAL DATA
MEYHYL CHLORORORM STYATIC ACUTE BLUBGILL 22C 11=21=78 72 uA
CONZENTRATION UNITYS ARE MG/ML o
PKOBIT SLUPBIUSING LOG CONCol®  8.09. 99% Colos(  4.50, 11.60)

CH1=SQUARE FOX LACK OF RIT IS 10,82 WITH 4 DEBGREES OF FREGDOM
CAITICAL VALUE(ALPHA s «03) 18 9249

THERE WERE 1O OBSERVATIONS AT EACH GONCRANTRATION

CONEe LOGIEONEW) X RESPONSE (B4« PRODLIY EXPe PROBIT
180,00 £+00 190, enees 6.679
7%.00 1.88 80. 5.041 5.668
546.00 178 20, 4e199 hebt @
42.00 Leb 0. ushee 3.631
32.00 1.91 10. 3.718 2.678
24,00 1.38 Qe LU L 1a609

LC. ESTIMATE LOWER Cale UPPER Col,
10 43.00 .06 H0e42
50 52.01 83.86 72.30
90 89.27 79.72 126494

METHYL CHLORORORM STATIC ACUTE BLUEGILL 22C 11=21~708 96 HR
CONCENTRATION UNETS ARE MG/ML
PROBIT SLOPELUSING LIG CONCo)n Te90e¢ 99X Colonml 46499  11.31))

CHI=-SOUARE MOR LACK OF MIT IS 6.79 WITH 4 DEGREES OF pFREADO
CRITICAL VALUBIALPHA = .0%) IS 949 '

THERE WERE 10 QASERVATIONS AT BACH CONCENTRATION

i
i
i
¢
£
{
3
]
b
i

CONC. LOGIZONCG,) X RESPONSE ORNS. PROBITY EXPe PROGIT
100.00 2.00 100, TTYT bal042
7%.00 1.08 90. 6.202 5.09%9
56,00 178 20, 4.199 4e 083
42.00 1.62 10. a. 114 3.867
32,00 1.5) 10. d.718 24934
24400 led8 1+ 1 LT 19448

. .K‘ ‘ ‘
™ AN Y o 1

ki

LC BSTIMATYI LOWER Cols UPPER Cols
10, §60.2% 2911 4T¢20
80 3.4 50.92 68.08
90 04.89 T1.98 119.6%"




LE IV | R

TOXICITY OF METHYLCKLOROFORM TO DAPHNIDS

ARD STATISTICAL DATA 7
METHYL LHLOROFORM STATIC ACUTE DAPMNIA MAONA 20C i2=;9=78 24 MR

CONGENTRATION UNITS A3 MO/L :
PRODIT SLOPE(USING LOG CONCo)®. 24200 93K Colesl * 1c82y 2,891 §f

Ce|-5QUARE ROR LaALKM OF 2T [§ 36,92 wiTH ) DEGRENS IF PREEOOM
CRITICAL VALUB(ALPHA # ,08) 1% Tedl

THEAE WEHE 20 OBSAARVATIONS AT BACH CONCENTRATION

Cadle  LIGILONC,) X RESPUNSE 08S5. PRIBIY ExPe PRIGIY

B 56.00 le78 67e $.430 o278
} 32,90 1,91 ' 97, LeBd4 $.74)
! 12,00 1,26 8% 8,967 8,19}
10400 1400 33, e 870 LYY Y1)

- a,60 078 - PRV Y 4076

Lo G8TLMaTE LOWER Cele UPPER Cul.

$ 19 3ot Le8e 5,78 a

i $0 i4el2 11032 T 5
- 90 Se.10 39.2¢ 104017 : ' ,

J .

M

}

1 '

R

-; G METHYL CHLOROPOIM STATIC ACUTE DAPHNIA MAGNA 20C 12-19-78 48 WA
]i » CONCENTRATION UNITS ARE MG/L | ,

N , PRIBIT SLOPEIUSING LG CONCodu 8418+ 98K Coloml . 3068y  6:69)
- H

& i CAl-SOUARE ROR LACK OF FIT IS 2,98 AITH 3 CEGREES P FREEDOM
CRITICAL VALUBIALPHA ® 081 18  Te5i

'TMERE WHRE 30 DRSEAVATIONS AT EACH CONCENTRATION,

¥ CACs  LUGILLONCY) X RESPONSE O085. PRIVIY EXPo PROAIY

* 56.00 178 1004 yntihe 8.656

: 32.060 191 97 belidé Ted14
i 18.00 1e26 90. 0.882 50Q7Q
10.00 1.00 43, 4832 b 784

8.60 078 3 Jel6d . P Y )

L& ESTIMATE LOWEBR Cele UPPER Colo .

19 6.32 held Teb?
- 3] 1leld .69 12.8%
90 19:.69 : LBa54 29493

v wld
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DESCAIP Vl UM“AH (inglude ¢ opare reletencds 1a data baeke, and 1u earlier seleted
WiTH CONCLULIO topoite, petenty and publivetions)

Employce exposures to ail mutertﬁll mcnsurcu W re ngcoxcublo

for normal operations g

*Tradomurk of The Dow Chemical Company




PROBLEN

A Industrial hyglene survey was requesated by plant
supervision to evaluate employoe expostives during operation
gf Eh? Styron Speclalty Products Plant of the Michigan ,

vision, B R e N

i, Employee ¢ime-walghted average (TWA) exposures to all
!

materisls moasured were accoptable for normal operations,

*Trademark of The Dow Chemical Company




PROCISS DESCRIPTION

BVALUATION CRITERIA

Dow Industrial Hyglene Quides (INC3) are concentrations
of airborne substances to which nearly all omployees may be
ropeatedly oxposed throughout a working 1ifetime without
adverse effoct, 1li0s are ostablished by the health pro-
fossionaly of tho Dow Industrial Heaith Board for chemicals
{raw materials, intermediates bygroducts, wastes, and

roducts) handled within The Dow hemical Company, Pub-

ished exposure criteria are available for many {ndustrial
chomicals} examples include the Threshold Limit Values
;TLV;) of the ACGIH {(American Conference of Covernmental
ndustrial Hyaionlstl). the ANSI standards of the Amevican

National Standards Institute, and tho OSHA standards of the
Occupationul Safoty and Health Administration of the United




States Depavtment of Labor. For most of theso chemicals,

the Industrial Health Boawrd has adopted the published ex:
posure criverias as the Dow IHOs, In a fow instances the NG
sot by the Industrinl Health Board diffors from the pub-
lished exposure criteria., In establishtng INGs for chemicals
which lack published expeasure criteria, the Industrial

Health Bonrd considers toxlcoloflcal information, occu-
pational exposure data, and medical experience,

Industrial Hyglene Guides do not represent fine lines
between safe and dangerous exposurss., As the name indicatey,
IHGs are properly used ae guides for rlnnc deaign and for
evaluating occugucional exposures, [IilGs for gases and
vagors avo ugually expressed in parts per milllon (ppm
volume/volume; for dusts, fumes, aerosols, and mists, tuas
ary usually axprosgod in milligrams of contaminant per cubic
moter of air (mg/m”),

Most IHGs are timo-woishEOd nverngo (TWA) concentra~
tions for an 8-12 hour workday and a 40 hour workweek,
Limited excurslon exposures to concentrations exceeding the
IHG wre permittod, provided that the TWA exposure for the
ontire workday is acceptable und the consequences of ex-
posure, within the excursion limit, aroe minimal and re-
versible, For most chemicals, excursion limits are cal-
culuted from the IHGs and the excursion factors recommended
bﬁ the ACGIN, Ceiling INOs ave assigned to those materials
which cause significant or irreversible effects at con-
centrations exceeding the ING, For these chemicals, no
excursion exposures are allowed,

The following exposure critorin currently apply to the
airborne contaminants measurcd duving this survey!

Compound or Material 16 Bxcursion Limiy
Mothylene chloride 200 ppm 300 ppm

Toluene 100 ppm 180 ppm

Chlorothene
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AIR_SAMPLING & ANALYSIS METIIODS

| S—
-

_ Methylsne chloride, MEITER SRR toluone, ey
SR s 7 O Ao ey i Chlorothene kw, R SR
were collected on glass tubes containing 1 qrum of Fittaburgh

coconut base (PCB) charcoal each, The sumples weroe obtninod
usinf battery operated pumps to draw air through the tubes,
Samplos taken for 6-8 hours to svaluate TWA exposures wore
collected at flowrates of 90-100 cc/minute using o soap

bubble flowmetor for the callbrations (Figure 5?. Short

rerm samples taken to evaluato peak exposures were collectod

at flowrates of 1-2 litevrs/minute detormined uaing a calibrated
rotame*er,

The charcoal tubes were submitted to tha Industrial
Hygiene Leboratory whare the charcoal was desorbod in dry
ice chilled carbon disulfide and analyzod by gas chroma-
tography., The analysis was porformed by of thoe

Industrial Hygiene Laboratory and tho results were roportoed
in veports MiNENN o ‘

PRESBNTATION OF DATA

< Table 1 is a summary of employee cxyoauros to chemical
B and physical agonts by various job ciassificutions. Tho

}g d;gree of exposure, hazard rating and measured results aro
- shown,

§ W A UOB




The measurod concentrations that appear in Table 1
are 0-8 hour TWA exYosuroa determined by personal monltoring

unless notod otherwise, Many materials on the table have
exposures that were judged accoptable XJA). These judgments
woro based on physical propertivs, toxic properties, fre-
quency and duration of use, and the specific job claveifi-
cations, operations and how they apply to the exposuves, In
all cases the employees' consequences of overexposure were
low and u potential huzard to health was minimal,




imployee exposures to methylone chloride, [Torrrrypmmm
#toluono. e T T e e e
Chlorothene and Dowtherm A were also evaluated, Porsona

sampling was porformed for the job clussifications of the
laboratory technician, plant mechanic, spare, and head
operator., These job classifications wore chosen to rep-
resent the highest exposure potentials for each of the
respective materials evaluated, The 6-8 hour TWA oXpoAUTes
to all materials for all the 4ob classiflicationn monitored
wore found to be acceptable (Tuble 3), Job classifications
for which personal monitoring was not performed wore judged
acceptable based on these results,

In addition to poersonal sumpling, oxcursion sampling

was performoed to evalusate poak exposures, nm toluene,
M“' rborne
materials ovaluated in this manneys,
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Toluone exposures ranged from less than ( " s
than 0,03 wg and all excursion exposure , ble"

(Table 4).
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Pigure 4,
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SOLYEE OF 00N 10 HEET EPA ATR QUALLTY HTGULAL DS

Latwont-harse cpatings for the rail car fndustry are curran%ly WA tagy sy
frontod with aip auﬁ%itg requlations mnndntin? V00 rﬂéyfﬁanns i wplatila
argaste compounid (YOC) emfssfons, The EPA guidolines fov tie umissions of
Y6 ratative to this {ndustry are a maxtisun of 1.6 puunds oo w6iwont par
gallen of paint at the apray ?un.ﬁ In the past several pears, asy coating
tochnelogien, such an high solids and watarborao, have hoeir divalopnd to mont
thoso regyiations, An additionad optien fo the ure of compiance chiorinated
solvents,” 1,1, =trichioroathane and mothylens chinrida, The phyaical prepors
tios of those soYvonts ofton ailows them to be forsulated (n sany cootings,
asing the samo rosing and pigronts, Thage aslvaeds are fasy dvy!nv Enlvants
and, with no FYash ‘mh“; may reduce fipe hpeacs. La3cingy foemy atad with
endorinatod solvonts will ba simflar in ov sl periocaace 5o conventiong?
sotvent«horng contings, using the gams pro.en 260 lng, wueing tho san applicas
tian methods, and providing additiosa) flexstiiiiv o seating afr compl i
LD,

M Quality Reanlattons

As 4 part of {ie guidsifngs of YOO emiasions, the LPA has ruhliﬁhﬁd n ifst of
conpounds which hava boon shown by be of negiiglb\o photachonical roaciiviy
(or nonssag produsing), and thus do not naad to b ro?uiatod ar javontarfed
au YOG, The axempt compounds are methane, othane, teichierotedfluoroathana,
P -treahioessthane, and mothylesa chlorfde,  Duo to thig definition, tha
satvantas<1 1, i=trichiorouthane and metiylene chlorldi=-may xavplﬂcod in
coating formalatiung and not tnereaso tho VOO gmissfon rate.t”

The oramition af these twe solvents from ale rogulations 18 not progunt in
somu states.  Fedllowing the CPA guide)inos, however, aver 80% of thosg statos
having YOU cmtasfons plans, have exemptod 1,1, -teiciloroetiano, and ovar 601
finve oromptod sothylonn choride (Seo Table tfs

Tozixntogien) Dats
P4, etoiehloronshana and methyiena chioride aro among the fod s0lvents that
vy Bean efdaty fovostigatoed from o toxic!t{ standpoint duw to tiate Mstory
of w48 20 a=nas such a3 motal dogroasing, adhosives, and aorossi Yoruula-
tiuns . Blucies 1n the arae ofcm:tnnaa1ciky, taroﬁoguntciex. carctaoganicity,
cheants coxtuity, anfduniology, and onvironmental effects lond to a favorale
pondtion far Shuse products, &pac1fica\\y. avaluation of the dato Lo dute
does ned sedlonte sarcinoganic, mutagonic, or toratogenic vigk to huirang,

Ag a0 swane 28 sroeiding o guideling of hoalth haraed, tho Decupational Safoty

af6 Hue) Ly Sl orst o ?Gﬁnﬁi has 3ot the cureant maxirun aspoturo levals
for octou conpuandse For thg salvents of inturest, Lise arg ghown in

bt aeer ghlued ara ghe maxira conzentrations of tha corpound aYYows
S en TankeRuuy pae dsy, Tlvaeday nbr wack average koovn as timos

w45t average LTHA), Tt an be sean thay the Twa far chlorinated solvants
e v lae aa conventiond) solventss
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Flaregblifty

Do to concorns of flammability, chiorinated solwents have replaced flammable
solvente 1o roduce fire hazards of coatings, foth 1,1, 1-trichioroethsns and
mathylene ¢hlorida show no flash poiat by aither opoan o clnsod eyp Lot
mothods, +n contrast to convontional solvents, as can ho soon fa Tukle 3

In many cases, chlorinatod solvents, particutarly wethyiena chloride, have
boan responsible for a substantial fncraase in flanh voint, s rédustng the
risk of fire. \so of such coatings may Yead to indrevied ‘nsurability$

Lhsical fropertias
Aufdo from the flammability charactoristics of those twe 01w nts, § “Hosls
edge of the phyateal properties {8 fnportant in foriuYating, 1o i deal
properties of various solvants are given {n Table 4.

1,0, 1 TrichYaroeshana amt methyYone chloride both have apecific gravities of
1,3, shifch enablos plaments to ho susponded Yongor and mikos rosugpnging
ouster aftor svtt\(n?. ihese solvents have high eveporation rates, Thaue
rates may e controllad by the addition of slowar avaporating cosotvents,

such as 8 glycol ather.

Me solubiYity parametors are similar to convantional solvonts, sush that
with cospleants, they nay 5o used to formulate with miny coemon resin fonds
Hon, wuch e alkyds, asryVics, opoxios, urethanes, chlorinated vubhee, ete,

The cht=~inated solvente shoutd not be grossly aontaminated with water,
Chlorinetid solvonts tharsarly dagrado above A00°F to hydrochloric acid,
Thato do nas pote & proadie n many raf) car patnt shops,  The coripatibitity
of emorin~=ay solvent soodtd be ovaluated {n cach patnt operaifon,

I ogovc ! wton Tae a0l ldy formulation, these galvonts Gan coplace tho cone

Ero wd sne Tas rpigining YOU can be wadified to aptinize ovaporation
ancoeneeiaay Ny (o sotids formuladtons, tha malortnnted stdvents may ho
w5 it oo eRieaCe, Tor vinsos ity adfustaeing.

Moo booay Cweiadopt G B0t Ruqommen e
n WA s Foor oy o ivba T 8RN 5 e s & R AOETER ¥

R O U AT

Gl B 0 eptting wentomy shoule fu e wsod with ehlerindted solvents
Bomvd w o TREA . D oAl 1R g FERUEIVA My and hed heoR showa to he an
e el fhaies S0t aF s ntPUetiAn Tor oquipaend hotating a variety of natee
Cvade o hec o evt oy Sisohele, sabl watee, aeide . bales, helogenatad sole
calid et ol sy tapmgtatad Wit shegy peadugty . Aluniiam should not be
wehd £y eoneiel e contmiction cuf punak, valves o aergios, ong othar
St acuese b A0r wbwald 18 b wsed for piaraga containges far ghiords
cylod o ety o enerisated solvant-bnsud forodiglione,

hrogimpont s Paoet 43 o risteuntlon gra ropular stuel, statatosy steel, or
VAE T SRS Srp wrres el pieiy SanuTacturary wave punps end aany mthap
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components currertly availabin which are compat ihle wvith 10 betrtehlore-

othane and mothylena chtorfde, Neplacing alusiou equipnent de o Hmitat
for chlorinated s6ivents, A8 with any ne compliance ceating option, saiy
compenant changes ara roquired,

Gort/Lifectiveness

FRiR Bl A e O R ERLNE

1,1 LeTrichloronthata<banod or mothylono chlaridoshased coatings are axpuctod
10 b siihtly highoe {n east compared to Yow sotids coatings,  Thoy shoutd
ho cost sumpatitive with 1w VOO chmpliance systanms, such as high solidy
coatinas,  Soveral factors thould be cansiderad vhan comparing cost of dif-
foront compliance voating systoms, Those Arai

L. Goating Parformasce » Tho coatings formilatod with chlorinated solvont
S WLREREVHTYY o tvatunt to the Yo todid coatingse  Thia 14 dua *o
forsalating with «ho same rosing ard pigments. These coatings can
achiove dostrable f1im properticw, such as good ploas and udhaston,
docaute of solvency characteristics, 1t hay boun noted that thosa coat-
ings have high dirt tolerance and adhore fettor te poorly cloanad surs
3dﬁ0§.

. Lywiprant Ce-is « The chiorinatod solvents usuatly require no change {n
V0T Tana oy oquipmant but, as montionad oartior, aluminum aquipmont
yhould not e uend,  AHith thase coatings, hgh profsurg spray oquipmant
and tae1ine hoaters are not vequired. Min to evaporatien rato, coatings
may net require bhaking ovens to decroase dry time.

$o gy o The chlorinated soivent-based coatings may bo appiied and
ITaMeH Lo dry wshentiaily ot amblont teoperaturas, therefora, nintinizing
the need for heators, Ui viscosity adjustmont avatYablo with this com-
pliance solvant option eliminatas the neod for fn=1ino heatars, thus an

anargy savings,

4, Training = Notratning of shop portonnel and changos madv 1o anf!icntion
Frocediites are owpoctad vhon converting to low YOG coatings. Cilerinated
solvent coatings may be appiiod as tow sollids aontinva viorey tharefore,
mintmal eatraintng {8 roquired,  Additional information vanardin? to
wolvont charactertstics and proper hand¥ing should bo given to all those
fnvolved with these solvents,

Cartasnly other cott conafderations wmay prove taportant, but those vary from
Yogation to Yocation,

Conglusion

WP Ay VR S

L deTrientoroethung and mothyYone chlortds as patnt solvants offer the
rilirond fndustey tho nhi\it( to vomply with ale quad ity ramlations rafaly,
Rosin systomy, famiVior ko the ond uner, can stil) ba uii)fzad proyidiog &

provon performanca and fast dry tires. Thera {8 no need for majur pecodira)
changus or arxtonsive rotratning of oporators on now cquipsent, ke use of
1,0, Lstefghloroathana or mthylone thiaride my bo the most foasibie and
eeonenical maans Lo obtaln atr quaitty complianco,
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Fodoral agixter, 42L13L), 36314, July B, 1677,

"Workshop on Roquiremants for nonattatnement Aran Plans," Environmonte)
protection Aguncy, April, 1078,

aaltlagher, Yera, totter to . G borry, "hefinftion of Volattle Organte
Corpnund, " Lavironnental Protection Agoracy, June 1, 1978,

“Control of YolatiVe trganic Compounds from Exiating Stationary Sourcas)
volume ¢, Surface Coating of Cans, Goils, Papar, Fabrics, Automohiles,
and Lightelaty Tracks," Cavironmental Protection Agency, oy, 1077,

Fodural Ragsster, 44¢31), 3274, January 10, 1979,
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JAOLY, 2
Current Haximum Laposure Lovels
of Various Solvents
OSHA_THA |
solvent f=ltour ppn :
1,0, 1«Trichloroathane 360 ;
Mothylane ChYoride 600
n=Haxano Y
Totuone 200
Hothyl Ethy) Katone 200 : j .
Acatong 1000 k. ?
Fthy) Acotate 400 j
- !
N TABLE 3 g
B I anmabd Y ity Hazards .
N§
Flanmeble Limte |5
ryash Point Flash Point n e L
Opoen Cup CYogod Cup 20°C {Yolumy %)
solvents . A LR Upper,  kewer |
Hethylana Citortdo H¥ nr Hone* 23
1, 1eTriehtoronthang ¢ e 0.6 0.0 e
nel* xano v o 6.9 1,26 Ok
Toluano i 10 10 1) i
Mothy! Lthy) Kotono 0 1o 1,61
Hethano! G4 60 36,0 0,72
Ethy! Acatate 30 2 11,0 2,20
i M2-19% (voluma) fn alr at 30°C ‘
[ 4 : )
aQ&V“OZ
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Migeical Propurtios

Lvaporation hate
Sp. loat hoat of {nehutyi ?catata)
]

solvents . Wfte) fealfelif) feporlzation

MothyYenn Chlorlde 40.0 24 .1
Vo1, = TrichYoroothane 14,0 0,20 69.7
ti=Hoxane 06,7 .53 52,0
loluene Lin.g 0.39 00.0
Pothy) [thyi zatone 79,6 (.40 106.0
Hathano) 64,8 0,687 2676
[thy) Acatato 1.2 0,478 07.63

I e

SotubliVfty

T T

(g} 40

Soluble o
SolubiVity " Bonding 1004 Sulvent
Paramator § v (f?ﬁ“ﬁ)

4 sticubh oS TROAL

e OAYONRS
Methylone Ghloride 0.7 4 (.20
1,1, 1-Trteh)orouthane 0.4 ) 0,08
f=dgRafni9 73 , 0,01
Toluene .9 ) 0.0%
Hothy) Ethy) Kotona 9.] 11.8
Nothannd 14,0 e
Eihy! Acatats il ) 3.3

YRR SNy

Physical Proportivs

Pounds /0a)Yon dyn/figm
20%C

Spagific Qravity surtace, Tanaion

Ay . O o 3 58 7 R

SRR 'v’l§i0 ‘ \:ie nrglﬁbéﬂ- «H&li{iwlﬁ\&ﬂ
Hothytana Chloridn 1,430 10,90 &6.02
1,1, Triem orootheng 1,3249 10,99 ¢0.50
nelloning 0.,0694 .06 17.0
Toluene 0,000 .26 30,00
Hothy! Tthy) Rotene 0.60% 0N 240

lothanol 0.7924 6.00 22,09
fry) Acatrte 0,9020 7,01 2.9
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Bioehemical Research Laboratory
THE DOW CHEMICAL COMPANY
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A survey of the litsreture reveale very little
direet superimental date conoerning the toxloity of tri-
oliloroethans,

Tablee I and IX give the relative toxioity of
verious ohlorinetsd compounds as datavpined by Lararew
(1989) end as oitwd by Brownirg ("Tuxiaity of Industrial
organio Soivents®). It will be noticed thet there ls a
difference in the relative toxioity depénding on whether
1t 1o estimated by the "narcotio® astion or by the "lethal®
aotion,

Iakle )
Relative Toxiolty of Gextain Chlorinated
Compounds as Estimated by "Narcosis", (Browning)

(Arranged acoording %o inarsaeing toxioity)

Boh¥l ohloride
Oar 'n”eobraohloride

oriae
uot z&ono aiohlcride

Trio loxeothylnno

Chlorefo

!bhylﬁno diohlorido {dlohloroethans)
Porohiorosthylens

SCTAORLCYOSCIAL®
Pentachlorcathans




Bicoshamion) Resssroh Laboretory

felstive Toplodty o Oornatn Chlorinated
Sompounds oz Rebimuted by "Lethal® Resulte (Brownisg)

(Arpangsd enoozrding te inoressing toxiolty)

Zohyl ohlorids
Eehgl&dono ohloride
ﬁa @otrnchlowidei

car

57168 'SP 3
vrie 1oroo§hylone
?crahloreobb{lono
Tesrachloroethand
Chioroforn
te§€;ene dlohloride (4iohiovoethens)
Pentaohlcroethane

A study of the vapor toxieity of lilil-triohlorvethana
(methyl chloroform) on guines pige was made a few years agoe in
the Blooliemionl Reoenrah Laborstery (T3,%3-1),

It was found that!

Ainale exposed to an atmosphare H8% saturatad with methyl
shloroform will besome unaonscicus in a short time., If removed to
frosh air at once they will survive.

Animels exposed to an wutmoaphere A% setursted with mevhyl
akloroform show drowniness end a definite intoxioatien, but roxein
oonsalouns,

Two animale exposed to an etmoaphere 1M satusuiad for 7.0
hours per day for two oonseocutive days showed the waual Snvoxioation
while in the ohambar but reoovered at once when removed., Twe

deys afver removal thay appeared in excellent oondition,

Table III presonta data olted by MoNally ("Toxiocology")
plue an indiocstion of the position that trichloroethane probabdbly
holds in this teble, as Judged by these experimental results.

Yor oomparative purposes the approximate position of tetrachloro~
ethene ie &leo indloated. ‘

000003




Ploovhemionl Reavaroh Luboradvory

2,
Table IIX.
Oomparative Deta on Familiar Compounds (Motlolly) .

Oonoentration Nxpressed in Volume of Oas per iillion Volumas
of Alr (ppm).

?anseraun

Fatal with texio) Zndurable

8-10 minute -« 1 ar. 1/8 = L hr,
gubstance - FATL LN o - SS&QA&E&,. AXR0AMES.

Chloxrine 600 80 )

Carbon disulride £,000 1,000 800

Tetraohloroethane ¥ R e

Bengene £0,000 7,800 3,000

Ohloroform 28,000 18,400 8,000

- Cardon tetrashloride 60,000 28,000 10,000
E TriohloroethaneX :

 § ' ‘ R » Yotimated poaltion in this tabla,
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Phyeloal Ressarch Laboratory
THE DOW CHEMICAL COMPANY

| : | Pite
- Sbleet TOXICITY OF UCTIYL CHLOLOFORM, il
N Plo'd, 7R84
- o From ; .' DD,
n Ve & .
o clretle ey My iy
W

e . The toxicity was determinud by oxgoolng guinne
AR ' pigs to sontrolled concertrations of metly chlorofora
: vapir in air, :

An @tmosalhiere suburatoed with methyl chloroform
will onuss the animnl to beocome unconsoions in a viry
short time., If removed at onde to fresh uir the sninal
may survivo, Ono animil vo trosbed could not Le rovivaed
by artificial resyiration.

Animels sxposed to an atmosphiere £85 saturated
with nethyl ohiierefarm will bheocome unconsoious in a
shasz time. If ramaved to fresh Air at once, thay vill
PUPrTivVe,. '

Animals exgeeed o an atmosphere, 17 saturatod -
wily methyld ohloroferal show drowsiness and a definite
B

{intoxdoution, but remain consoious.
B To an;g,tl sxnazed to an atmoaphera, 17%
P s gaturated for 7-1/2 hours., per day for two consesutive
i dazs,=ahowod the usual intogiention while in the ohaabar
: tut recover At once vhen remcved., Two davi after baing

renoved from the chumber the Last time, they uppear in
exeellent d0naitiot. ,

The methyl shlorefora produces anesthecia in
conoetitrations pilightly above Lgﬁ patuyatods At that
aoncentration Aefinite narenais s nroduced, but not
anesthelas 15 hrse exposure at 17¢ seturation, tnterrupted
by one rest interval of 18 hours, showed no evidence of
acoumulative toxio effect.

Respeatfully subnitted,
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I am an author ¢f e#nd have r2ad thie repory
oomprieing o Dpagee with _3P___ _rages of drawinga,
phutographs, graphs, and oheoked the data herein agalnot
the oru&nél entries under Biochemical Laboratory File
Humber 7.3 ¢é~(1~/

’\

Bignature Date

I finished typing thie repart on _L:d(-8¥
oanpr:.'lmg,.g,puu and placed therewith 8 ___  Bages
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given me by__ Y A Heunts ' on gy 69 '
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Bloshemical Resssreh Laboratory
THE DOW CHEMICAL COMPANY

P

Seblest  PANGE FINDING TESTS RELATIVE TO TUE :::.“ Be0-48
TOXIOITY OF METHYL CHLOROFORM, Pe'd  BnB8e48

week 30 H, Qeisel
0.A., Swenson

TeFile Raport Chosk #g' ' gt Rt By z",f o (ot
r’ ’— ’-r‘_
RRORLIM

Binoe the Dow Oenpaéy ie advertizing the subjeot materiasl
for sale, some toxioolozies) information wam desired,

HARIRLAL
liaga - Methyl Obloroform

= 1,1,1-Triohloroathane
| €. P
Lormule - 01
Struotural - -é-d-ox
1

Rapirioal - OgHaOly |
Souxes - Texas Diviaion
Reooived 8=0-4Y,

Agute Orsl, -

Doses of methyl ohloroform were suspended in 8-106 gum
arabio solutien and fed to rats by means of & stomaoh tube. The
material was found %o be low in aoute oral toxioity, doses of U.0
8./k%g. being survived.

Skip Irritation -

Ten applications of the undiluted matorial to both the
rabbit car and sehaven belly produood only a very elight simple
{rritation oharacterized by hyperemia and exfoliation.

THIS REPORT I3 THE PROPERTY
THE DOW oNEMIoAL SoMPANY

$080 00 886 1144 ' 000007
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Bioohemioal Researsh Latoratory

AL

Page 8

QOIIOLUBIONS

Mothyl ohloroform is low in aoute ornl toxiolty aud doew
not possess unusual skin irritatiog propertios,

Information reletive to the vapoy toxioity of this material
is laoking.

Booausy mathyl ohloroferm is similar in struoture to
other ohlorinated hydrooarbons whose vapors are known o be quite
hasardous, partiowlarily upon repeatod or prolonged exposure, we
would recommend that this matorial be handled with ocare. Gonoen~
trations in the air having a definite odor should be avoided,

J¢=8 aopies,
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Abptract for Libravy of Congress

“ITLE)  Atmospheric Plusrecasbono and Methyl Chloroform at the South Pole,

AUTHORS: R, A, Raesussen and M. A, X, Khalil

The aim of our rosearch is te unrvavel exectly how human nctivities
are modifying tha present composition of the sarth's atmosphere and what
effact thisn change will eventusily have on the global environment, It e
feared thet accumuletion of man-psds gases in the atmosphere will vars
tha earth and conzaguently cause climstic changes oy that certain chlorine~
containing goses viil destroy the stratospharic osone leyer, alloving high
dcess of the sun's uliraviolet vadiation to resch the earth, causing hare
to 1dving organisme, At the south pole outr experimentsl and theoretical
vork has inciuded eight yesrs of messurements of men-mads trace gases
vhich might contrilite to these global problems (CC1,F, €C%,¥q, CHCIP,,
C3ClgF; and CHaCUYy). Pluorcesrbons 11 and 12, active in the dsatruction
of tha osone laysr, sre no longer increasing ae rapidly as in the earlier
yesrs, MNowever, steady increases of nev man-sade fluovocarbone (22 and 113)
heve now been observed at the couth pole and elsewhere, Based on thesc dats
the alobal sources and sinks (1ifetimes) have been determined and ave re~

ported in the literature,
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Atzouphorie fluorosarbons and methyl zhlerofoza
at tha seuth pole

R. A, Rasmuseen and M. A, K. Khali)
Departaent of Envirommental Science
Oregon Graduate Center
19600 N, W, Walker N,
deaverton, Oregon 97006

The aim of our research is to unravel exactly hov husan astivities
ave modifying the present compesition of the earth's atmosphere, and vhat
effect this change will eventually have on the glodbal enviromment. 1t
is feared that long-1lived geses such as COy relessed into the atmosphere
by industrial procecses and other human activities mey eventually in-
cxease the curface temperature of the sarth by enhancing the natural
graanhouss effect., Chlorine~ (and Bromine-) containing gasmos ecuch as
CClg¥ and CClaF; may deplate the atratospheric omone layer, thus allow-
ing more ultraviolet ridiation to rsach the earth's surface and hare
living organisme (NAS, 1979; Barrey, 1980).

In this paper we will discuss the changes in the stwmospheric
abundances of the man-made gases CClyP (P-11), CClgrs (P-12), CHC1Y,

- (P=22), CaClyry (F-113), and CNyCOLly over the past cight years. These

gaves may not only deplete the osone layer but may aloo add to globai
varning. The very presence of these gaser at the south pole, at concen~

trations not much less than in the northern hemtephere, attests to thoir
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long atsospheric 1ifetimes and great potential for accumulating in the
environment. Steady increases of F-22 end P-11) at the south pole are
being reported for the first time in addition to the latest observations
of P-11, P=12, and CHyCCly. Analyses of the rasults shows that the
latter gasas are no longer increasing as rapidly as in earlier years.

We started odserving the concentrations of CClyP, CClyP2, and
CH3CCly at tha aouth poie in Jenuary 1975 and have continued these
measurements every January since then. The eight years of data eat
comprise the longest systematic and internally consistent measuremsnte
currently available. It ie being recognized that CHClPy (F-22) and
CaClyFy (F-113) may siso be important envircnmental contaminan’s,
Techniques for the atmospheric measurement of these extremel; rare
fluorocsrbons have been developed only recently. The meaasurements of
these gases at the south pole since January 1979 are the first and only
ones aurrently svailable:. To provide s contrast for the antarctic
measurements, tho concentrations of these gases vere aleo measured in
the Pacific Worthwest (43°N) during January of every yaar. Concentra-
tions of all the gases mentioned so far are asasurad by alectron capture
gas chromatography techniquos 15C/GC). Discuasions of the carly'dnta
on =11, ¥=1Z, ind CHyCCly and on the analytical techniques can be
found in the references (Rasmussen, 1978; Rassussen and Khalil, 1980;
Raswussen ot al., 1980, 1981; Khalil and Rasmussen, 1981).

The observational results are shown in Figures 1 and 2 repre-
santed by solid circles (®), (1/C) dC/dt = g(t) s the rate of change
of concentration C with time t. This relative expression ie uiad be-

caure it does rot depand on kmoving the absolute concantration of a




trace ges (mecuracy) but only of relative changes (precieion). The
precision of measurements for these gases s very high (€ 2%). 1t s

known that the global yearly emissions of CCly¥ end CClaFy have not
changed much since 1975, vhereas before 1973 they had been tneraeiog
very rapidly, The yearly insresse in the global catsaions of Chycely
has also slovad since 1975, A simple global mass balance model reveals

that $(t) = 1/C dC/dt would not remain constant but would gradually
decline, We therefore adopted tha follovwing model for 8(t):

/ey $Ee by B 4% Feo ()
\
|
or . )
,
K Cuc, ep (Bt +d eh E)

The most suitable values of C,, 'o' and ¥ vere determined by s non-

G TR A A A

linear least aquares criterion and are reported in Table 1 and aquation
(2) 10 shown as & #0114 line in Figures 1 and 2 for CClyr, CClaPy and

CH)CCly, 1In these equations, Co Yepresents the concentretiih during

R AN it

171978, 50 the rate of increase duking 1975, and ¥ the gradusl decline
in the incrsase with time aince 1975, The recults imply that P11,
F-12, and CHyCCly are no longer increasing as rapidly as thay were
during the 1970's, and that thic observation is consistent with the

current knovladge of the glodal anthropoganic scurces. é ;
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Much less is Inown adout the global sources and sinks of CNCIFy
(P=22) and C3C1yPp (7-113). 1t 18 certain, hovever, that their stmos=
pheriec concentrstions are rising rapidly, as shown in Figure 2 and
Table 1, and is cause for concern for the future global enviromment
(260 alsc Khali) and Rasmusesn, 1981; Rasmussen ot al., 1980b).

In additdion to the fluorocarbons and CHyCCly, concantrations of
fifteen other ¢race gases vere measured at the south pole and Pacific
Northwest »ince 1979 or earlier; namely CCl,, N20, CHyCl, BF,, CO,

CHy, CgMa, CaNy, CaMg, CeMg, CoNp, CaHy, CHpl, CHClg, and CaHCl,y,
Results 0f these maamirements are reported e)sevhora (Rasmussen et al,,
1961; Ressussen and Khalil, 19082),

Thie vork was supported in part by the Nationkl Science Foundation
(NSP DPP 8100684), We thank NOAA/GMCC parsonnel, easpecially Lts. R,

Hilltscroft and C. McPee for collacting the air samples at the south

pole, and R, ¥, Dalluge, R, auniuirdona. J. Wiederholt, D. Stearns, and

R, Watkine for laboratory work st 00C,
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Pigure Captions

Figure 1. Observed concentrations of flucrocarbons 11 end 12 (CC1y?
and CCia72) at the south pole (lower 1ines) and the Pacific Northwest
(A5°N; upper 1ines)., Tha solid 1ine 48 the funetion

e coaxplB - * $t2) where Cor Bor and T vere determined from o

least squares principle, '




Pigure 2. Obsarved concentrations of fluorocarbons 22 and 11)
(CHCLPy and CgClgPy) and of methyl ehloroform (CHMyCCly) at the south
pola (lower lines) and the Paecific Northwest (upper 1ines). The solid
Line 40 the function C co“’ﬂa' - -% 3t?) for cHyCCly and
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C = CoexpB ¢ for P-22 and r-113,
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TABLE )
The yearly inevesee of halocerbon concantrations and the sicwdown of
atmospheric sccumulation at the scuth pole (SP, 90°8) and the Pacifiec
Northwest (PNW, 45°N),

Gas c° .o 4 r n
(pptv) (X yr=d) (% yr=2)
CCly¥
8P (90°8) 92 18 3. 4 0.997 8
PNV (45°N) 128 11 3.2 0.999 ]
Global 109 14 «1.0 0,999 8
7 CClary r=12)
3 8P (90°8) 170 13 =1,4 0.99 14
S PRV (43°N) 201 12 3,9 0.999 7
= Olobal 108 12 1.4 0.99¢ ?
CHyCCl y
8P (90°R) 46 24 2.8 0.997 ]
‘ Olobal (1] 10 -1,8 0.999 ¢
T L _ocucarg (r=22)
o %b 8P (90°8) 40 1) 0.99 4
PN (43°N) 3) 10 0,996 )
Global 1) 11 0.996 4
CaCla'; (r=11))
P (90%3) 12 ’ 0.974 4
PNW (45°N) 16 10 0,986 4
Global 14 10 0,991 4

The rate of change of trace gas concentration is assumed to follow
the equation é ﬂf D I° - 3t #, = 100 'o (X yr=)) and & = 100 1.
Concentrations of r-11, r-i2, and CHyCCly atarted rising at OO! pey
year around 1973, but thie rate declined on the average by 48X per
yr? ginve then, co is the average concentration of F-i}, r-12, and
CHyCCly during January 1973 and of P-22 and F-113 during Januavy
1979, r = correlstion and n = number of years messurements were

neda,




OFPLCE OF TOXLC BUDBBTANCKS
CODLRG VORM FOR GLOBAL, INDEXING

oz g5 e x

o ]

—

IO TR K
,-JL‘?“ u.JLg I, H 7 8 o TTWTHQ

aa-sipr.pma e A d

A QJ s,.‘,/ﬁﬁ*

e et

9445,9;;‘(";) ] OHrT 0{ )
,ynwW' ro ;“;: (O8I

S BR i

6]

berf

o dr

’6.,/-3

S— -u.-n

[mu i!u "

e

[y

KUY Wk R

h4. nmfl i,

£ g

il

Tty 9o

DS LA

ol Fogen |

B e e E o e L

3 L,"as N -

= e

0). !

R

2

b 8

b
L Li.&'k Amed L
. Aournal Nn}uu

e B R R

iPI'A

J

3

JAuthev (n) |

5

‘uﬁg* cAArE

Organ, Namo |77
10 1t

tirot

K&UY i/)ni,{ ‘/) A ) E")

-

AT MV Sl A

LEP LR g

T

(Jmmluﬂ Mo 00, ;ws nmmr)’

PN

et e A G N RCPE Sges

ihiication

a Ao e e,

Y

LA ;/) &0

! stage)

) b e s

Clj Rtornally Gunerated

kL PR

Ho. [Namg] "7

1) , sy

/,'j ' lhA ,/ll'

5w

S g - eseiy s

oty &2 Rt TR kST SR 8 6

W, Code o ]

b

I e

i

Pt

AL T R AR

ixternnlly Geperaged

19 I [N (HJ I

SR NN bw

<

PV A

S g o o

rar e ;”“Clﬁ

e

AL OIA c) F'JM’ "y

n

o 2

£ D,

Mmoo msge oA e oa

AL riec

o st A

AR R LS s e

‘,{‘ I‘})\‘J/ .’

YA

R s g s ioatomedn T

Y




78H/389

ATHOSFHERIC TRACE GASES AT POINT BARROW
AND ARCTIC RAZE

by
R. A. Rasmussen & M, A. K, Khalil
Department of Envirommental Science
Oregon Graduats Center
19600 N, W, Walker Rd.
Beaverton, OR, 97006
+
it

(Juna 1982)

To appear in Ceophysical Monitoring for Climatic Change, Vol., 10
B, A. Bodhaine & J, Harris, Editors
(U. 8, Dapartmant of Commercé, WOAA ERL, Boulder, Colorado, 1982)




Yor several decades a winter hase hae appeared in the aratic,
thousande of miles from the nesrest area of denes human population or
major industrial activity. Yet there is considsrable ovidence that
* this sub-micron-sised hase asroeol consisting of sulfate, soot, and
organics results from human activities (Rahn & McCaffery, 1980; Weschler,
1981; Rosen at al., 1981a,b). The small ratios of primary to secondary
components, combustion-derived soot and Vanadium, and the presence of
excessive amounts of man-wads gases sll attest to the distant origir of
arctic haze (Rosen et al,, 1981a; Rahn & Hoidam, 1981; Ottar, 1981; Nusar
& Patterson, 1979; Rahn & McCeffery, 1980; Shaw, 1981; Khalil & Rasmussen,
1982). Although current knowledge favours Zurasia as the dominant source,
significant contributions from othar industrialised and populated areas,
including the United States, cannot be ruled out (Rahn, 1981a; Barrie et
al., 1981; Reiter, 1981; Patterson & Husar, 1981). [Except for a conaensus
that the pressnue of soot can heat the lover atmosphere of the arctic, the
possible environmental effects of acontinued or increased arctic air pollu~
tion have yet to Le workad out (see also Borye & Rahn, 1981; Rahn, 198ic;
Rahn & Heidam, 1981; Rosen et al,, 1981b).

It stands to resson that many exotic trsce gases which are produced
at the same mid-latitude regions of the northern hemisphere as the precur~
sore of arctic hase ©ill also ba transported to the arctic. Such inert
gaseous :zacers can be used to identify the origine of arctic haza in much
the same vay as the ratioe of elemental tracers (Rahn, 1981b),

In this paper we report data on sight potentisl man-made gaseous
tracaers of arctin haza, namely CClyF, CClaP2, CHClFz, CHyCCly, C2Cly, CaHCly,
CO, and CHyCl, We digccuss the criteria for a gas tc be a tracer of arctic
pollution and finally review the conclusions which can be drawn from the
trace gas studies, Further details of most topics discussed here are pre-
sented in the paper of Khalil & Rasmussen (1982).
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1, The Data and Their Analysis

Since August 1980 sampies of arctic air have 'nen collacted by
NOAA/GMCC at Pt. Sarrow, Alaska (V72°N). Each waek three ssmples were
. collected, one immediately after the other, in epecially prepared
internally SUMMA® polished stainlese steel 0.8 L flaske, with an ultrs
clear Metal Bellows MB-158 pump. This aquipment was designed and
supplied by our laboratory at the Oregon Graduate Centar (0GC). Tha
sanplen are sent by air to OCC where they are analyszed, usually within
A week after being collectad., Well-astablishaed gas chromatography
techniquee are ured for the analysas as described in our oarlier papers
(Rasmussan & Khuldil, 1980; Rassmussen et al., 1982). Each flask was
analysed twice, thus providing six determinations of each trace gas
every week. In ralated laboratory studies it has been established that
the trace gases we measured are fnert 4in the sampling flaska for periods
of many months. The precimion of analysis of the fluorocsrbons is €1%
and €3% for other gases. In all, the results of analyeing about 240
samplas are reported here, constituting about 80 different sets of sampluwu
and spanning over 1l years.

As discussed aearlier, the concentrations of six man-made helocarhons,
CO and CHaCl showe! markedly high concentrations during winter comparad to
other seasons. The monthly average concentrations of the man-made halo-
carbons, CO and CH3Cl are listed in Table 1 along with 90X confidence
limita of the means,

The data for fluorocarbons 11, 1z, 22 and methyl chloroform v rre
analyzed by first subtracting the aunual trends of atmospheric concentrations
according to the formulal

Cign, = Cigx

vhere C = concentration (pptv), {jk index tima with i = waek (i, 2, 3, 4),
4§ »mwmonth, 1, . + , 12, and k = year 1, 2 or 3, thus Y is August 1980,
Thewe monthly averagea with trand wubtractad were used to conmtruct Figure
1 showing high winter concentrations of these gases compared tn other
sexsonk, After the trend “'ad been publracted. data for the same wonth but
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differant years ware pooled together by forming the average ﬂ’, .

A/N E‘k °13u + Thesa datas vere analysed statisticelly and the rasults
vers r.por:.ﬂ in detail 1in the paper of Khalil & Rasmussan (1902), The
largest difference betveen such monthly means (8%) {s given in Table 2

along with othar calculations based on the data.

The case of mathyl chloride (CHyCl) and CO is further compiicated
by natural seasenal cyclses in their concentrations. 8till, vhen the
concantrations found at Pt. Barrow were compared with extensive measure-
mants made at Cape Mesree, Oregon (45°N), it turned out that large excesses
of these gases vere prevent at the arctic site only during vinter. These
tracers are important becsuse they are 1aleased fyom specific combusticn
processes and could therefore aid in idantifying the origins of arctic
air masses vhen the haze is present (see Rasmussen ot al., 1960; Crutsen
ot )., 1979; Logan, 1980; Raarussen et al., 1962; Khalil & Ranmuesen, 1981).

2, Critaria for Guneous Trenars

«w Table 2 c¢havus, some tracerc have more prominent winter maxima
compared tu others., Such tracers ars desirak\e gince their maasurae-
ments can he usred to wore accuratuly estimate the contributions of various
source regions. Based on the data discussed sriier, the criteria for
ganes to be tracers of arctic haze have been developed by Khalil ¢ Rasmussen
(1982) and are summarised next,

In general (a) the gaves must be entirely man-made or must have
large mid-latitude anthropogenic svurces; (b) they must have long enough
lifotimen in winter to survive transport to the arctic; ané (c) thedr
geanonal patterns must repeat year after year wvhanever arctic haze is
present. The seasonal pattern in condition (c) should mirror the seasonal
pattern of arct! haxe aerosol{ thus, maximum trace gas concantrations must
occur during the arctic winter half year (see Rahn, 1981b; Rahn et al., 1977),
To sucinfy the last condition we chose the following quantitative criteris:

() ¢ v B (a € 0,01)

max min

(14) am ) & (a € 0,01)




vhere Cﬁ.u is the average concentration of tha trace gee in the arctic
during three successiva winter monthe betvesn December and May whaen
naximum concentrations sre observaed, eatn is the average concentration
during the three months of sumser (June to August), &y is the average
concentration for the nine months other than the thres chosan to def ine
) E..x. and a is the level of significance at which the hypotheses C‘.x .

8.4, 4nd By © 1 con be rejected, It has been assumed that o’ ©
and T are calculated after any detectable long-term trends have been
subtracted from the data. The eriterdia astablish the high pr- ability
\! that wintertime concentrations of a trace gas are esignificently greater
N then during susmer or the rest of the year,

The trace gases listed in Tablea 1 and 2 satisfy the crituria,

Genarally, the background concentrations of long-lived gaves tend to be
large compared to seasonal caissions, thus making it difficult to detsct
seasonal variations. Thua, gases with global 1lifetimes of less than 5 i
years or with concentrations far lass than those expected frum equilibrium

min

with current yearly emissions were found to be the most suitahle tracers,
i
'y}x 'Y
i

3. Concluaions and Results Bupported by Tracer Gases
The measurements of trace gases at Pt, Barrow support meveral

conclumions of previous studies of the arctic haze aarcsol, 1In particular
the following conclusions may be drawn,

The six man-made halocarbona (CHC1F,, CClaF, CClgFy, CaCl,, CaHCly,
CH3CCly), carbon monoxide (CO) and methyl chioride (CHyCl) are produced at
the same mid-latitude regions as the precursors of arctic haze, Thely
maximum concentrations in the arctic occur during winter, closely lollowing
the ocaurrance of arctic hare. These gases can therefore sarve as quanti~
tative tracers of the diutant origins of arctic hawe,

Since these gasas are produced in induastrialized and populated
regions of the world, their greatar concentrations during the arctiv winter
ran oceur only because of long distaence transport, This result provides
additiona) and independent support to previous studies indicating that thae
sources oif arciic huaze aeroool are anthropoganic and located in thy mid-
latitudes of tha northern hemiephere (Rahi, 1981b),
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Several of the halocarbon tracers are released throughuut the
year and are g0 inert that their lifetimes do not vary significantly
during the yasr. Thair observed seasens] patterns ere consistent with
& faster transport during winter from polluted mid-latituds locations
to the arctic. Buch transport patterns may also contribute to the

" occurrance of arctic hase.

Differances in the sessonal pattern of F-11 and F-12 in the
arctic may indicate either the veasonsl variatione in the use patterns
of theve gases or the contributions of different sources to the arctic
atmusphere, Further studias may resoive whether theve is & predominant
location from which the arctic hese aerosol originates or if pollution
from a few sepexated locations combinas to produce arctic haze,

More vacent studi-s on the variation of tracer gas concentrations
with height suggest that polluted air may be transported in a layer
between 1 and 2 km and perhaps in higher layers as vell. Figure 2 shows
an example of a height profile of parchlorosthylene, C,C1, (ses also
Rahn & Heidam, 1981),

Currently studies of tii seasonal cycies of trace gases at Pt.
Barrow are continuing and are being suppiemanted with studies of the
ahundances of unique exotic gases in transit from specific industrialined
areas of the world to the arctic, Xt is hopad that this information will
reveal the origins of arctic lue,
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Figure 1,

Figure 2,

Three-month ruaning averages of ths monthly average
soncentrations of aeight gseecus tracers of arctic hase
(Pt. Barrow, Alaska), This result provides evidence
that the seasonal variations of these aight gusas have
repeated themselves over the two vinters of observation,
(Prom Khalil & Rasmuseen, 1982),

The concentration of trichloroethylens as a function
of height on two different days ( |l—e—| 5/7/D2;

( bemO=eed | $/13/82), Polluted air occurs betwaen

1 and 3 kilometers.
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We prasent ges ehicsiloyraphic detexminatieny af she eonsentrations

S} gﬁsam; &t AErigule (Izciumd), Cape Meares (Oregon), Ragged Point
12acbados); Polnt Matstuld (Aaorican Sanesi, and Cupe Grin {Teomania) for
the tires=yasr pexbfed July, 1978 through June, 181, The dctamminstions
invalve sppronimately fouy metGousemants each day with ph=eise eulibratien,
The absciuts values and trands for thece chzerved soncentretiond are inters
proved in termw ¢f the industrial produetion, global eirveulation rate, and
atmosphoric lifetime of cuaeﬂx, using en optisal cstimation teohnique
ingorporating & 9-hox modal of she atesaphere, The giokally ard annvally-
svaraged trend An the lovar sroposphiore &t the midesoint of the second year
;l the exporiment is §.70 per year and the inferred globel atmospheric
orauenY of CHCC1, at this mid=paine 43 2,86 x 10%kgw, The glcbal atme-

sphordc lifetime of anacess deducged from idn trand Lo 1e'o:::: yasee while

the iifevime deduved from its global content is #.6 :;:; yoars.




The eempound 1,i,l-triehlozostiand (mevhyl chloroform) is a relatively
long~lived awmospherie eonstituent wish a predominantly ox exclusively
anthropoganio ordgin. The reaction of cn,cca, with ths 04 radical 4z ize prin-
eipai recognised atmospherio sink (Yung gt al.. 1%78) Cox g al., 1976).

It has therefore been proposed as & potentially aceurafe indicstor of tropo-
spheric OR concentzations (8ingh, 1977a) lovelock, 1977}, It haa also been
identified as a petentially signiicant seurce of reactive chlorine compounde
in the stratesphere (MeConnell and Schi2f, 1976 Crutaen gt 8., 1970), It
49 therefore important ¢ understand the ylobal mass balance for this species
and in particular te reconeile Lte obeserved atmospheric concentrations with

Ats anshxcpogenic asuroes and qleba&iy-nvoliood atmospherio 1ifetime,

Estimates of the giobally=-averaged atwiospheric lifetime T of cu,ccxa Eﬁ”

have varied considerably over the past fevw years. Estimates using horisontally~
averaged models include those of Yung et al. (1978), Cox et al. (1976),

singh (1977a), Grussen and Fishman (1977), HeConnell and Bchiff (1978),
Maesussen &nd Xhalil (1991), and Makids and Rewland (1981) who estimated t
values of 3, 1.3, 7.2 (¢ 1.3), 6+10.7, @, 6=10 and 6.9 (+ 1.2) years re-
spectively. In additisn, using two-~dimansional bax models of vazrying coms
plexity, Lovelock (1977), Neely and Plonka (1978), Bingh (1977b), Chang and
Penner (1978), 8ingh gh Al. (1979), Chameides and Tan (1901}, and logan gt al.
(1603) deduced T values of $~10, 3.3 (£ 0.7), 8.3, 11.3, 0=10, 4,8 -1B,
and 8 years respectively. Pinally, using & two-dimendicnal grid mudel, Dere
want ard Eguleton (1678, 1081) ecmputod T velues of 5.4 and ).6 - 6 years

respactivaly. Those various 1ifetime estinmates have been ebtained either A

000004



by epecifying the atmospheric concentrations of the presumed prineipal
soaveigay of easccis (namely OM), or by & consideration of the glokal

BASd balance betwean cu,ccx, sources and sinks, or by a cembinatien of
both approaches. The lifetime estimatwe vary duo to these differing bavie
approaches. Thay elce very due to differences in estimates of the tropo-
spharie concentraticne ¢ #¥ and its rate of reaction with cn,cex,. due

to uncersainties in the industiial emissions, soncentraticns and spatial

and temporal trends of cu,ccxs. and  finally dua %o the varying complenity

of the atmospheric models snvolvat,

The approach which utiliiues gonsiderations of global sousces and
ainks 4e clearly ¢he moxe direc: 2or deducing cn,ccx, 1ifetimes and pro-
vides atnospheric OX concentrations co an important coveljiury. Some of

&@& the problems ansociated with this a;proaeh. in particular systematic
errore in industrial emissions and absolute atmospheric concentrations,
can bo alleviated through sufficiusntly acouirats daterminations of the
global trend in cn,cex, concentrations. The use of trend measuremonts
for determining atmosphexic )ifetlaee had been discuased in desall ay
Cunnold gt al. (1970) with specific application to the compsunds &rci,

S ;:', and Cr,Cl,.
' neasurenents of cu,cca, tronds at sevezal globally-dietribuied air-

By analayy with thase latter compounds, we expact shat

should provide an aveure:y detexminstion of the en,cex, 1ifetime unaf-
favted by systematioc erroze o2 the aforementioned type.
The “Atwospherio Lifetime Experimsnt® (ALE) was instigated to

RRASUTS acourately the vates of inerease of the atmospheric eoncensra~
tione of the five long~lived atmospheric constituents crct,. crzcx,.
CHyCCl,, CCL ./ and N0 (veinn' gt ad.) 1902). Ome of the goals of the
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experiment vas to use the obeerved trends in Goncantration to deduce,
vhere possible, she atmospheric lifetimes of these constituents, In this
Paper we prasont absclute cencentrations and trends in cn,ccll eoncentra-
tions obtained during ALE 4in the period July, 1978 through June, 1981.
Thase chaervations axe then intarpreted Ln terme of the industrial emis-
sion, global circulation, anA atmospheric lifetime of ca,ccx,.

The ALE utilizes automaved 4ual-coluwmn olaeeion sapture gas
chromatography which sample the baakground air about four times dally at
the follevwing five globally=-distriluted sites: Aiigole, Ireland (82°N,
10°W); Cape Meares, Orsgon (43°N, 134°W)) Ragged Point, Barbados (1)°N,
89°W) ) Point Matatula, Amerioan Samoa (14°8, L71°W)' and Caps Orim
Tasmania (41°8, 148°E). Details concarning the instrumentation and sta-
tion operation are provided by Simmonds g% al. (1982). Methyl chloroform
ie analysed using a silicone coiumn with eithar a conatant frequency
(Ssedand) Bazbados) Nov. 10, 1978 to May 8, 1979 at Samon) or constant
current (Oregon) Samoa except Mos, 10, 1978 to May 8, 1979 Tasmasnia)
detector. Deteils concerning the technique for absolute and relative
calibration of the data are given by Mammussen and lovaiock (1901).
Mference cylinders of air which are analysed relative to a primary stan-
dard, are shipped to the ALR sites, where they are used for approximately
3 monthe and than returned for re-analyeis. The prirmary standaxd for
cu,acx, is described by Rammussen and lovelook (1982). Datails eoncern-
ing éata precesuing inciwding formli used for ¢atu ¢slibration and

nethods used for discesning locally poliuted air from clean background
alir ave provided in ¥Peian g al. (19003). DPeriods in which local pollu-
tion is unambiguously indentified are omitted from the data presented in
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this paper. GCuch pollution periods are largely restricted to the Adrigoie
ALE station and their inelusion in the data would make this station non-
typioal of the JO°N=90°N atsosphesic mass (Prinn gy gl 1902).

The cn,ccx, date aré analysed in this paper using a 9-box mode}
(8 tropospheric boxes and 1 stratospharie box) of the global atmesphere

and an optimal estimation teehnique for ealculating 1ifatimee aa dep~

oribed in detail by Cunneld g¢ ad. (1903a), Induetrial emission retes for

cu,ccx, vhich are regquired for estimatien of LAifetimes ave otained from
various chemiesl industcry souzoes, Hathyl ohloroform is widely used as
on inductrial vapor degreaning solvent pariisularly in the sheet=metal

industry which suppiles autcmodbile manufacturers,
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Pally-average cu!ccxj mining ratios and thair dally standaxd de~

viations determined from the measurements at the 8 ALE sites in the

period frowm July, 1970 ¢hrough June, 1901 are shewn in Figures 1-8,

The ponthly~average mixing ratioe i(ppev) and their stendard deviatione

¢ at each site in thie pericd are reported in Table 1. 1In the figures,

the times of ealibration tank changes {and the oalibration tank numbars)

ore indicated along the top of each plot., To obtain our current best

estimatesd of the abeolute concantration of cu,ccx, in the atmosphare,
all valuss reported in Figures 1=3 and Table 1 wust bo multiplied by the
calibration factor ¢ = 1,0 + .18 (Rasmuasen and lovelecck, 1962),

The variation in the cu,ccx, nining ratios x(pptv) over seasonal

and longer time scales is conveniently described at station 4 by the

funation

» bl ’ |
CAEEORRIG: SREIC JREKRUT: SEEWILL TR

where t 48 time measured in monthe with month 1 being July, 1978. The co-
efficients & b‘. d‘. 9 and . have been datezmined £rom the monthiy~
wean E' and 0 values given in Table 1 using the mathod described by Cunnold,
a% 81+ (3902a), Values of the latter coefficients for each of the § ALX
atations are giver in Table 2. An estimate of the global-average mixing
zatio and trand of cn,ccx, in the lovwer sropesphere may be derived by suit-
ably averaging the time series obtained in esch latitude region., For this

pusposa as well as for mll the elher data processing reported in this paper,

the AMrigole, Ireland and éapo Mearss, Oregon data have been optimally

s,
W
mual

xl
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combined inso a eingle time series. At Northern Memisphers mid-latitudes

¥e thus derive &, = 5,021, b, = 0,089, a- =0.,013, o, = 0,001, and »,

w 0,006, Using the varicus tinc eseries, ve duduco at the m/d-point of the
second year of tha experiment (January 1A080) that the annualily averaged
surface mixing ratio and trend are respectivaly: 182 pptv and 10,3 pprv/
year st Mrigole/Cope Maares) 133 pptv and 9.3 ppty/year at Aagged Peine
108 pptv and 13,3 pptv/year at Point Matatuia) and 103 pptv and 10,9
pptv/year at Cape Grim. Averaging these ¢ velues of aining ratio and tyend
y;oldeﬁa global~average surface mixing zatio and tyxend of 133 pptv and
10.7 ppev (8.78) per year respectively.

The locations of the § ALE stations ware daliberatsly chosen to repre-
seRit, as wuch 59 possible, the 4 major equal mase subdivisions of Ihi
¢lobal atmosphere. 7o the antent that this goal is accompiiched, the
globally-averaged trands quoted above are valid, 1In this vespect, our
principal concern must be with any sajor dsviacions from a monotonig gra=
dient in CH,CCl, concentrations with latitude, Availsble data (Maswuseen
and khalll, 1901) asuggest that a emald deviation does enist {(ining ratics
at 70°N are 3+-@0 leas then those at Cape Meares while mining rzatios at 30°'s
Are &bout equal to those at Capn Grim). Thin suggests that our uss of only
Cape Mussen and Mrigole (whioh shows simiiar mining ratics) may lead us to
overestinate siightly the average mixing ratio in tha 30°N - 90N seni~
hemiopherc. In aentrass, our nagleci of poliuted alr at AMrigole will
aause us €9 slightly undexestimsse the mining ratios in this seai-
hemisphere. Present indicetiens are that thise tvo efi-setting ervors
are c2 similay magnisude and are therefore ot axpected to have an importe
ant effoct on our estimate of th; globad CHyCCl, srend, Thoas combined
SEFOXS A¥e also expectad ¢ load e an unsevtainiy of as most 3N in the
plobal CH,CC

3 sontens,
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The zeeffiaiaonts e and o define thy magnitude and phase of the ansual

eyoie as each site., Maxima ecour 4in latve Spriny at Adrigoie, Magged Point,

and Point Matatula ané in lste wtﬁeol‘le Cape Nearey and Cape Orim, It io
appazent from Tabla 3 that these scascrial cycles are not very well defined
by our 3-year data sat but they are nevertheless much largey than, and
possess phases different frem those for acx, and aﬁexz (Cunnold gt al.,
19835, b)., Annual oyclec ars expectsu for cu,ccx, due to the seasonal
oseillations in atoospherie airculation particularly Lf, as observad, &
signifieant meridienal concantration gredient exists. Cycles are a)eo ex«
pected due to the semsonal variation in cu,ccx, destruction by OH but only
At the CNCCl, destruction time < the interhamispheric mixing time,
Detailed interyretation of the cbaexrved cycles for ensccxa in terms of
the ¢lobal civoulaction will eppsar elsevhers (Alyea gt gi., 1983),

in exanining the data as Adrigole, Ireland (Figure 1), it is evident
that this site chows higher ¢ values for cu,ecx, relative to the iwo
southern hamisphere sites and that identifiable pollution periods (evi-
denced by the small gaps in the data) axe fxequent. The large gep in
the presented data fzom Nov, 24, 1970 until Jan., 4, 1979 was cavsed by
obvious detector ecentaminasion in this period resulting in the data
being disoncded.

Ozeater atmospherie variabilisy (and therefare lowgur 0's) at Adrigole
shan as the souchern hemisphere sites is expuated due te tho relative
prouimity of Mrigole to the predominantly northern mid-latitude sources
of CH,C1,. MNovever, the lavger 0 values Nay also be dua to the faot

that Adeigole uses a sonstant frequency deterios whila the two southern

hemisphere stations use constant curxent detectsrs (Siswonds gt zi., 1962},

Thie Jastar cuplanation La supportod by a comparison of ths 4§ values &%

A,

di
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Saxda during the G-month peried when a eonatans frequency detector was
temporasily used (Nov., 10, 1970 to May 8, 1079) with the ¢ values
following this period when the constant eurrent detector vas reinetated.
It 4s sleo supported by the similarity of ¢ values at Mrigele and
Ragged Point vhere & eonstant frequendy detector is &lso An use, It {8
not supporsed however by the pften similar 0O's at Adrigole and

Cape Meares where a constant current dasector i» w‘d. It 46 elear shat

both instrumental differences and true atmespheric variabiliny
are invelved in explaining she etatien-so~ssation differenees in stam ¢
deviaticne, .
The stondund deviations at Cape Meares, Oragon (Figure 2)
ere elearly anomatously high in the pariod from Septeabar, 1900
throwyh Pebruary, 1981, There are no inssrumensal er ealiibrasien reasens
to suspect the data in this period although it corrvesponds largeiy te
the pericd of use of calibration tank numbez lld==the phenomenon uv‘tn-
dicate preaently unrecognised local sources for cn,ccxa at shis station,
Other than this latter phencmenon, we have no reason to suspecs any importe
ant effects of local poliution in the cu,ccx, data at this site., The
data gap from late January to mid=Mareh, 1990 is due to problems encountered
during the start-up of this station:
Ad already noted, the cu,cca, neasurements at Ragged Point,
Barbados (Pigure 3) show similar standard deviasiona to those at Mdrlgoie. A
visual inepecticn ale> Andicates an apparent oseilliation in the okserved
mining ratios with a i-3 wonth peried. Idensifiable lesel pellution does
oohur at this eite Bué it do deoiatad and infrequent and (s evident lapgely
2 aha last year of the a,wx, data.’ The gep im data fxom lase Mareh Shrough

H ﬂw,
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April, 1979 wae due to a temporary inability to deliver chromatogrsphic {

earrier ¢as tanks to the site. On May 1, 1979 a nevw constant Pregquancy '

detecior was installed vwith an obvious improvement in instrumental pre-

cioien,

T —

The daily standard deviatiene of the measurements at Point Matatula,
'f’gg Samoa (Yigure 4) are about 1/2 of those at Barbades and the 1«2 month
'? oscillations in the Barbadan data are not discsrnable in the Samoan data,
g{fé As noted eurlier, a tamporary constant frequency detector was used in tha
| period from Nov, 10, 1976 €0 May 0, 1079, There is no evidence for ioexl
cu,ccas noliuticn at this site. The absence of data for ) weaks in
) January, -779 was caused by a bec vestricting the outwide alr intake,
"}'? Gaps in the data freem early Octobar through early Novembsr, 1980 and P
from late January through late February, 1981 were due to instrumental Eﬁg
”;;f? damage crused by extremely peor voltage regulation in the powar Bupply
| of American Samoa. )

;? | The Tasmanian GNSC¢13 data (Piguzs B3) generally shows the lowest 0'?

of any of the sites which, as nesad aariier, we Deliove is due to a oome
bination of the remotansss of this site from the major cugccxg aourdas
and to the use of the eonstant surrent deteotor. On November 4, 1878,

the silisone column pemple voliwwe wad changed from § to 7 mi yesulting

e e Rt e D

in an obvicous increane in thae precisien of the nsamurements, Oucasional

periodo of identifizdbiv pollveion do eocur at Gepe Swim (abowe 3§V

AR
1

daye per year) and thaso psriode heve been onistsd from the dava pre- i
santed. The incamasent was Anoperative in the Lathar half of Oevshey,

o
" S

LB .
1978, The data gup fem Do, 11, 10%E shwmugh Jen. 38 497D &s duv vo b

ddentified contarinasion of an inpus valve,
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pathods Jor snalysing giohaliy-diotiibutes ebesrvations of a leng=lived
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Ap outiined by Cuaneid g§ i, (L879), there are two principal

asmsapharic ¢xsse epecies such AR °”a°°‘s in tezms &F ite asouzeces and
sinks., In one approach, the meacured tetal global atwoipheric eontent
() of euseeas 8k Gime ¢ A5 oxprossed in torws of 1;& known relaswe
raze R{t) end unknown lifewims 7 Shrough the eguatien

algy = 0 U T L LA P (9

7 the othey eppyeach, the Beasured glsballyeaveraged trend &5 §ﬁ3€@3&
miuing patie %%} is cupwassed in tosms of tha Wnewn R{Y) end the un=

o knaen ¢ Bhrough che eguasion

i
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he welstive senshSivisy of these two apprsaches to erzoxs 4n the on-
senirstions ¥ oF @ and the velsses wates R leady one to ¢oherally favor
aha twend tevhnigyve over the globa) content teohnique fup acourately de-
fintng €. 2In Shie sequion, we £leoy meview sur Whowledge of the global
relonse raves of aﬁsﬁﬁia and thelr prohebla agouracy, Mo than analyss
the ALE ﬁﬁﬁﬁﬁﬁs data using both of ghe sheve methads.




Meely and Plonka (1978) have presanted global production and
atmospherio zeleagze sstimates for 1,1,l-trichlorcethane computed by
the Dow Chemical Company for the pericd 1981«1973., We also have an
updata of thess estimases whioh provides releass data for 1977-1§79

(W.0, Mesly and %. Tavier, private communication), Independent of these

pow Chemical Compeny data; we aleo have obtained thiouqh one of our

authors (B.C.L.) tha giobal cl,ccxa sales estimates for the period 1077«
1903 computed by Imparial Chemieal Industries, PLC. These latter satimatss
inoiuds the frestion of the total salee applicablie to eagh »f tha four
ogual mess subdivisions of the glokal atmosphere. f7he availeble data
sre oausmarised in Tablec 2 and ),

The year=Co=year fiuctuations in ths ratio of the annual produc~
tien to the annuai release diseernable &in the Dow Chemical Company esti-
Rotas ara evidently due to year=tc=ysar ehanges in the inventory held by
the menufacturers, Yor exampie, invontories were obviously bullding up
in the middle 9702 evidently as a rasult of 1,),1=triohlorocthane re-
plaging the solveni uxlshioroethylens as the use of the latter aompound
beocme Anereasingly regulated,

In ordesr o relate the avsilable data on annual produotion ¥(t),
soles 8(%), inventory 3(t), And releases Rit), we make the reasonable
spsumphion that & constant £rxactien £ of the cn;cwx, sales in each year
4% emitted to whe atmosphera and shat thexa is no important time lag

busween the oel2 and use of this osompound. %Yhus, for the year ¢




=123 -
R(s) = ¢ §(¢)

o 2(P(E)=R(8) + X(4=))

The fraction £ s less than unity dus ¢o decompesition of cu,ccx,
during storege and vae, to Ats use as an intermediate in production of
other chemicals, and most inportant, to inecinarasion or incarceration
of conaentratad crganic solutions in whieh o cel, vas used as the sol-
vent: Using aquation (4), the value of £ apprepriate to the Dow

Chemical Company estimates 13 simply

Rt}

] g 197¢

o e

( P(t))=1(197¢)
telds)

» 0,04

where we have asaumed 1(1976) « P(1976)/0 whish is typical of inven-

eordes in the industry . This £ value is consistent with an indepondent
astimate by *mparial Chemical Industries, PLC implying only about 3¢ of
cnacc:, sold is incercerated or incinerated. Using (4) and (B), we have
convervad the 8(t) values for 1977-100) from Imperial Chemical Industries;
PLC to R(t) values “hich ean be compared to the R(%) values estimated by the Dow
Cchemioal Company for 19771970 (see Table d) . The global R{t) sssimates for 1977,
1978, ard 1979 from Inperial Chemicel Industries, PLC arxe reopadtively 1.6\
higher, 6.1¢ Jower, &nd .48 lower than ths' correspending estimates for

these ) years by the Dow Chamical Cempany. The ajreesent ketween these
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tvo essentially independent estimates 48 encouraging. hE
S&aed on theae vosaideratione wi have adopted the Neely and Plonka

(19078) release data for 1951=1976, ¥s acsume that the percentages applic-

able to each sami-henisphare in this period vary lineszly detween 19851
and 1977, Values assumed for 1981 are 1000 for 90°N=-30°% and 0% for
she other 3 semi-hemispheres. Valucs assumed for 1677 ere tiwse given in
fTable 4. G

For the 1977«1979 peried we udopt an aversse of the two giobal re-

iease estimates given 4n Teble 4, sinee we have no reason to prefer one
estimate frowm the other. Ths percentages applicable to each semi-
hemisphere are sesuned te be thoso estimated from Imperial Chemical
Industrics, PLC data during this period.
As far as can be gauged from the data in Tables J and 4 and from Qﬁ\(

industry sources polled by one of oux authoxs (B.C.L.), the large inventory

fiuctuatione evident in the middle and late 19708 are not expected in

the 1970=1081 pariod due to the now ralative stabllity in supply versus
damand for cn,ccx,. Thus any fractional changes in gicbal production

from 1979 to 1901 whould have produced eimilar fractional changes in sales and
releases. Data on production of cn,ccx, in the U.8.A. are readily avail-
able (U.8, International Trade Commicsion, 1979, 1900, 1981). In partic-

T

ular, a comparison of the &nnual data for 1979 and 1980 indicates produc-

RS

tien of ea,cea, decreased by 3,360 fxom 1979 to 1980, and a comparison of

T s

the ahxusl data for 1980 and the prelininary annual data for 1981 indicates

- ) production increased by 0,760 from 1980 %o 1981, Due to the international
5 eharacter of the shost metalo industry, and shus of the use of CH,CCL, in its primary (&? }fsgl.
“‘ ' Wy
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¥oie 49 a degreaser, changes 4n productdon 4n the V.B.A, should be as ieast

quelitatively indisative of world-vide srands. W have therefer(

CRNE SR I ) » ssanee 3 & 802

assuned & 3,360 deoraase from 1979 te l’io anéd & 0.76% incresss from

1980 %o 1981 in the Dow Chemical Company estimates of global releases,
Wigh thess 1920 and 1981 estimates and/er sntzapolations in hand, we then
adopt an average of she imperial Chemical tndustries ¢ PLC and Dov Chemical
Cempany giobal xelease values for the 1980-198) pericd, with the paxe
cantages of rolease in each ssmi-hemisphere being those caloulated from
the Imperial Cheaical Industries . PLC dats alons.

A completely chbjeative estimate of the prebabie arrors in these
cdopted release values is not presently possible, However, ue 'non t{sae
the nusber of different companies invelved in ea,ccx, production, and the
nusber of different release scenarios associated with ac,eca' end=uses, are
poth significantly less than, for example, the corresponding numbers for the ghlore=
gluorccarbons Crel 3 and "3“:’ This is undoubtedly one of the major
reascns bahind the good agreement betwaen the independent reloass esti-
pates by Dow Chemical Company and tmperial Chemical Industries, PIC for
1977=1879. The fractional differences ¢ between these latter two estimates

and their mean in the § years 19771981 have a standaré daviation 0 given
-]
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and we make the ruasonable assusptien that this lacter 0 valce is &
measure of the standard ersor in the relesse astimates adop:ad in this
pepex. That is the 98¢ confidence iimits on our release sstimatce are
$2u1,00m430,

One important caveat ecencexning the abeve release estimaves

ahould be emphisiided. Thcy neglec: any possidle production of cu,ccx,

in Bastern Buzope, U.8.8.R., and tha Peoples Republic of China., Such

unknowm produsticon As .xpected ¢o be mmall relative 20 the kivown production
inoluded 4in Tablos 3 anéd 4, becauss of the unimpertance of the automebile
industry in thaso sountrius relative to the rest of the world. Mowever,
the poseibility that we sre systematically under=-predicting cn,ceza Fa-
leases by a emall fraction should be kept in mind in interpreting our
results. JFor example, toc;ne Beasurements by Rasmussen g5 41,/ (1902)

sugyest zhe release of this chamical in the Peoples Republi¢ ¢f China,

-




The 4zsiaal ca&&mum s&ehﬁiqm used in this paper to derive the

atmospheris Mfs&%m af ChycCl, frem the X+ 0, and R valuea given in
Tables 1=d 40 fully desoribed in Cuanold ag a). (19028), The technique
irwgives he uee of a Sebon model of the global atmosphere, Neen adveoe
tlve mﬁ addy difdueive eransports between ths boxes are completely
»gaautm sneept that tho amplitude of all the horiménsal eddy diffusive
Sxansporee axo sxpressed in tesms of an unknown dimensioniess amplitude
fectar P of axder unisy. The lifstime A\ of cu,ecx, in she stratospheric
box (90°5-80°N, 0-2001%) 42 assumed to be ¢ years based on stratospherie
dsatration of uc,eexs by OK and ulsraviolet radiation computed in a
three~dimensional, global eirculation model (Golombek, 1962),

The prineipal recognised sink for cu,ecxa in the tropcsphere is she

#31@tion

By compariaon, the loss of cu,ccx, by transfer to ocean water is negligible
(Nealy and Plonka, 1970). 1In our analyeis of the data we wish to nqognno
the faot that the diotribution of the prineipal tropospheric scavenger

of cu,ccx,, namely ON, varies significantly with latisude and the fact thaet
the chemical lifetimes and global cranspoxs times of cu,ccl, may eon-
geivably bo comparable. Under these eircimstances, the use ¢f a globallye
averaged lifatime would be inappropriate (lagan gt al./ 1901 Derwont and
Eqgleton, 1081), We have thexefore allowed for the enistence of different 1ifetines
T, 4n each of our § tropospheric bones. The inverse 1ifatimes ‘,;8 ave defined by
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vhere u‘ is the rate constant for the reactien of ON with cu,ccxs in the
§th box (Jeony and Keutman, 1979) Rurylo g¢ al. 1979), (oK) and (oW
are respectively the actual and assumed average conecentrations of OM
(molecuie @) in the tth box, T, is the average temperature (°K) of
the ith box, and A is an unknown dimensionless ané box-independent am-
plituds factor of oxder unity. The prediction of the globally~averaged trop-
ospharic Lifetime 1 is therefore eguivalent to the prediction of the factor Awhich
gelates our ascunad O concentrations ¢o the actual ones. That is the relative OM y
concentrationa 4in the § boxas are specified but the absolute OR concentra- @&’g\
tiona are predicted. .

For our assumed values for ON in each box, we have chosen the com-
puted annual=average ON concentrations at 13 and 43 degree latitudes for
l1and and see suifaces given 4in Figure 27b of Logan gt al. (1981). Annual
rathis than seasonal~average values are chosen sinee the box=to=box mixe
ing times are generally ashorter than the mlcc:x, destruction times in
eash box and also because most of the gl,cc-xa destruction oueurs in the
tropiea where the seasonal variations in ON are relatively small,
There are of course sevaral other model O distributions which we could
chocss fxom the literature. Nowever, the logan gt al. (1901) distribu-
sione appear sypical and are extensively sowpared to other calculations
in their paper. Using equasien (0 ), thase assumcd OH aoncentrations &3}.

yield the following values for Avgo 30.6 yrs in the 90°N-30°N, 203-300mb
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box) 6.4 yre An the P0°NM=30°N, 500-1000mb houi 6.2 ¥rs in the JO°N~0°,

200-300mb box) 2.1 yrs 4n the 30°N=0°, 5J0=100mb box; 5.9 yrs in the
0°=30%8, 200-300mb box) 2.2 yxs 4in the 0%=)0°8, $00-100mb ho) 14.9 yrs
in the 30°0-90°8, 200-500mb box) and 5.8 yrs &in the 30°8-90°8, 900-1000mb
box,

The analysis of the eu,ecx, data to dcecru&po eﬁc value of A (..,
squivalently the tropospherie lifetime) utilizes a box-model transport faetor,
¥, equal to 1.6 which ie prinoipally determined by the more precisely defined
latitudinal distribusions of CFCl, and CF,C1, (Cunnolé, g gl.. 1902a and b))
this value of F resulss in fact in an undvrprediction of the latitudinal
graéient of cn,cc:, which will be discuseed later, Using this latter trane-
port fagtor, the R(t) values given ix Tables 3 and ¢, and applying the
estimation technique to each time series individually, we obtain she atmo-
spheric lifetime astimates given in Takle 8. Averaging the reoiprosal 1ife-
time estimatas frc: He Soun time series with equal weight gives an cwmo-
spheric lifetime o1 iyl ohloroform of 10,8 :::: yeacs vhere the uncertainty
limites correspond to the dzandard exrer nf the four series mean. This may
be translated into a sroposphaiie Lifetims (and thus a value for A) using
the expression which is valid for our box medsl

’%‘-u-“:tk‘: (9

whese T, Y., and T, are the atmospherie, atratospherieo (6 yeardj, and trepo-

e ]
spherie lifatimes respectively and » is the ratic of the strataspheric wining
zatio to the average mixing zatio in she upper txopesphere. Using a tropo~

éphere %0 asratosphere szansfer tinme (I.) ol four years {as used for ere:,
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and Cr,Ci, by Cunnold 4% Al: (1903, b)) wa obtain r = 0,47 on January

1, 1800, This day ba compared with & velue of about 0.80 cbtained in
the three~dimenzional model simulation of the methyl ehloxofoim distribue
tion by Golombeck (1903) (which would correspand ¢o a ¢, value of spproxie~
mately three years). Uaing (P) with r = 0.47 gives a tropospheric 1ife-
time of methyl chlorofoxm of 11.8 :::: years and & value of A = 0,37 ¢ 0.17
(using ¢ = 0,50 ylelds T, and A values differing by only abous 2V from
thess) . i}

It is apparent that the ALE measuresents yield an A value lede than
unity. An A value equal o unity corzespondsc o & tropospheric lifetime
in the box model of appronimately 4.3 years (and using (9) an atmospheric
1ifetime of 4.8 yoars). Values of A less than unity thus correspond to lifetimes

grester than 4.) years vhich are significantly longer than the giobal f&m
R

~ atmospheric transport sime. When A€l lifetime sotimates should not there-
fore, ba strongly dependent on the assumed latitudinal distribution of ON.
In fact, our computations shov that assuming & uniform dietribution of OM
in the troposphere produces a change in the l1ifetima estimate by only
approximately 0.18. 3In other words, while cuaccx, moasurements provide a
useful measure of the globslly-averaged txopospheric ON concantration they
are not useful for detamaining the lasitudinal distribution of this radical,
The optimal 1ifetime estimate (as opposed to the 4-station-average
estimats given above) is obtained by weighting each monthly observation by

-}
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 where O 49 the standaré deviasion of the measuremants during month m, Mo

is the number of neasurements made in monch m divided by 15 (2o allow for

the typical obrerved three-day correlasion between individuasl me&surements) ,

and o: is the vasience of the residuals of the monthly-mean observaticns

relative to the fitted empirical model (equaticn (1)) increaned, however,
to reflect the month-to-month autecorrelaticn of the reeiduals (see Teblie
2), The optimal satimate of the atmospharie lstattn; is 18.4 :;:: years
and may be approximately ebtained by weighting the individual etation
estimates by the weights given in Table 8. This optimal estimate is ob-
viovsly strongly infiuenced by tho twe southesn henisphern estimates of
difetime which are substantially lenger than those for the northern hcpt-
sphere,

To provide further insight into thase results, we have plotted in
Pigure ¢ the month=by-month residuals ln(x./x.) for each station where
the mixing ratios X - and x' are respacsively thoss measured by ALE and those
daloulated in the P«box model (with T410.8 yoars and Fel,.6), It i3 apparent
that the observod aixing ratios at the two southern hemisphere atations
(and thus the latitudinal gradient) are underpredicted in the model.
Thexe 4o & slight downward sesporal trend in the residuals ad Mrigole/
Cape Meares and Magged Point) a slight upward trend at Cape Grim) and a pro-
nounced upward trend at Point Masatule. This means shat the undarprediccion
of the latitudinal gradiens is generally decreasing with sime and that, &s
already nctad, the dexived T values as Mrigole/Cape Meares and Ragged
Point are alightly less than 10.5 yeais, while thooe at Cape Orim ond Point
Matatula are respestively elightly groater and wuch greater than 10.3 years.
Negleat of the fizet fow monthe of data 4t cach statiorn could be justitied




« 3}
based on general start-up problams. Thic would tend to decrsase tha ten-
poral trends in the residuals at all stations excepe Point Matatula and
thus bring the ¥ values darived from thase stations into closer agreemant
with the averagh T value (10.8 years).

The eptimal eatimate of T(185.4 yoars) is suspicious because this
estimate giver greatest weight to Point Matatula vhlgh. from the residuals
in Pigure 6, 4i» behaving gquite differently from the other ) stations,
Horeover, recently-obtained en,cca, data for the perind July-December,
190) suggest that the Point Matatuia lifetime ertimate based on the July,
1978 = Juna, 1831 period is anocmalously long. The optimal lifetime is
further suspoot vhen we compare the lifetime estimaten obtained by opti-
mally combining and by averaging the individual starion estimavss for sev-
eral time peviods as ahown in Table 6. Hexe it is to bo noted that in
contrast to the results for Crel, and cr,cxa (Cunnold, gt al.! 1902a, b),
the standard error of the eatimate of the mean doss not dacay ae N"/'.
vheia N is tne nunber of vears of observation, which would he the case for
random errors, Appaxéntly the optimal estimate s not adequately acoount-
ing for the differences between individual station estimates and aleoc one
or more aites is giving o steadily biased estinate ¢f the lifetime over
the thiee yaar peried. Als> in gontrasts to the rasults for crcz, and crzcxz.
the optimsl estimate appears to be converging more aleowly than the estimate
cbtained by averaging. For thete reasons we rejact the optimally-combined
edtinete of lifetime for cu'ccx, and recommend the 4-station-average life-
time estimate of 10.9 *¢

-2
method,

:: yoars as the curzent bast estimate by the trend
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il This latter estizmace of Lifetime 48 independent of the absolute
eaiibration factor { Zor the cu,cnx, mining racion. Tho queted e¥ror havs
do not;, howaver, include unao:tilnttcs in the trend in glodal zeiease,
No attempt has been made to thoroughly eesess thase uneertainties, If
the difference betwesn the two estimetes of release given in Table 4 in
the period 1677-19d) (suggesting 10 exrors of enly 1,68} ware to be re-
garded a5 an estimate of the total releass uaeoseaénéyg the affect en the
lifetime estimate would 2e small and the uncertainty in the 1ifetime
wvould be dominated by the measurement unsercainties already diceussed,
It 49 apparent that the trend technigue applied to the ALY data is
yielding T estimates similar %o the largest estimztan by pravious workers
03 quoted in the introdustion. We should tharsfore address the quastion
of whether the cn,ccx, iifecinmen derived using the dxend technigue are
conadstent with the release history R(t) and presant global content of this
species olt) as expressed by equation (i), The AE cu,ccx, data at eaoh
station when comhined with runs of cur 9=box modcl anable us to sstimate
a a(t) value for January 1, 1980 eof 2900 x 10‘&@&. Uaing ¢he emission
data in Tables ) and ¢ we then estimate T = 9.8 years,

To assess ervors in this lottar ¥ catimato we first note that our de-

duced random exror of 3 1.80 in R(s) 45 mueh less then the erroxe in e(t)

80 we will specifically consider T unceviaintics dua we a(t) unsertainties
only. Cur assessment of c(t) is deduceé, in assenwe, Jyom Ghe globals
average M;wu tropospherie cx,ocx, mining ratis ? {ebtalned Zron ALY messure-
wants) and from the ratio r of the global=gverage stratesphazis &2 wpper
tropospherio mixing rasio (obtained frem medola)., Unservsinting in § Lnw
clude a standard exror of 184 in the absoluta caiibeation fagtor §

(Rasnussen and lovelosk, 1962) and an errer M3 reaulting from aquaking
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Capa Haayan and Melysie censuremonts with thely seni-hesispheris average

Unoeusaingy in ¥ 4 V228 bassd on the diS0evanns Letvash whe ¥ values
soegueed An suxr Sobow model med In She delombek (1983) I-dimensienal model,
The ungerealinty in §'£% vanversed Lnve an uneeresalony dn ¥ seing

BUARK) B IA/T) & = 4.4 years (dusived Seom wha 9mbox modal) giving 4(1/)

&, the wnesrtalingy 4n £ wses Se/(B00/T) o =359 vears (also

533 yous"
farived fuew the S-baw model) %o give 4(1/%) = §39aéiyeax"&e Cenkining
thesa twe unsereainties 4n 1/7 gives an awuepherin 14fetine estimats by
the giebel sonvent technigus of ¢ # 1.8 ig:g YBALS .

36 L5 agpeveny that Lifwtimes Y computed using sauation (1) aes gone
shavent with thoss computud by the teend mathed, yos #ueEple, the trend
1igotime which we dezived of 10.9 yvanrn whon eonbined with the emission
higtory of cnscexs yialds & vadue of ele) endy 2.73 graster whan she #{s)
velus inferred from ALE sheervasions. 7This discrepanty chvieusly iiss well
within the errox bare on the obssrvationally derived sle) value. Ueing
squation (4) with r = 0.47 9he t velue detormined by the glebsl eontant

8.5

wnshidgue sorresponda to A = 9,40 * 0,18 and %E % 10,6 4. g YBBKE,

L

&8 noted earlier, our S-bou medel (with sranspert fscter ¥ o 1,6 and

difehime ¥ » 30.8 yoave) doee not prediet as Javes a iatisudinal gradiunt
gow @33%%g§ B8 4nat observed by ALE. This disorebangy €8s of sourse be

vemovad by apprepriavely desressing the vates of meridicas) Bining AR the
Bodadwedn partisuler &% 4o Savealy removad by saking 7el, However, thia
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