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1. Dr.Clair G, Patterson(California Institute of Technology)Rf Dr.J.T.
Chow(Scripps Institution of Oceanography) (DIEFWEOERE, EAEBRRFF
e o XFER RO KR P& LT, Greenland @ Camp Gentury & @ New Bynd
Station, Syowa Station IZRIF HXBPDIERSZTRET L, 9RO o[iEE 2R 5,
DT LD BEEKBEPC AL ENTWIABEOMESEGE LR 5,

2 .1 Greenland ¢ Snow Strata 220 T

4.1 HBODFRERE
5.1 & # &

Table I— Applied pethods for polar srow amlysis

Applied methad, I Applied mpthod, I
Elements -~ ' T T ~ - e -
Mathod Sensitivity Accuracy Me thod Ssnsitivity -Accuracy
Atonic absorption af ter :
Na freezing conoentration 05 10 Neutron a.r_;tivamon 06 10
X e 1 30 Isotope dilution 01 4
mass-spectrometry
Mg ’” 05 10 # 01
61 ” 1 30 4 0.1
Cl Colorimetry 50 100 Neutron activation 05 10
Si Emission spactrography 2 a0
Isotope dilution
o mssggpectr ometry 001 B
Fb 2 0001 3

Sensitivity in ug/kg, Accuracy in % error,



5.2 #& e
| %2 W EAONE (ks
% 7 K F B E|2EE LB @B & B M K
Na 3840 700 260 | 440 510 31 20 Y
K 400 270 50 | nd 10 15 24 1.0
Mg 240 50 20 80 190 40 5.0 n.d.
Ca 540 960 50 | 130 100 1.5 5.4 04
c1 6930 1440 430 | 760 nd. 60 31 9.2
804 1320 2160 240 | 340 nod.  od. n, d. nd.
WaE | SEREE HR K

— T 1



Table 3.1 Compiled data for polar snows

Depth (m) ' Total concentrations (y/kg)
Greenland, Aug.'65 =0 Character Age Pb Na Cl Mg Ca K Ti Si a01e
Sample No. Location Antarctica, Jan, 66 = 0 Density' '
' ¢/ SMOW
5- -32) . .
6'2 g o i 5 <13 : 2- 1 0-04 e 2246
63-14 Viroin Trench Si 0-64 s Summer 65 1965 0-13 6 24 3 9 3 ”
65-15 |} L Ale 0-74 Bottom of layer 2o Spring ‘63 1063 0-19 8 2 5 g, 3y 005 — =264
65-16 b L 0-84. _ Jan. Winter '05 1965 042 2, 8y 8 1, 2 0:03 — =315
85-17 0-97, . Dec. Winter '64 1964 0-37 1, 3, 5 dg 2,  0-08 ST
Fall ‘64 1904 0-10 3e 8, T 24 iy 0-01 — —28-1
63-23 45 km ESE Camp Century 0-51 } B - : _ .
ottom of layer — Sprin 65 1965 020 4 2 3 i 1- ot s —
-24 :m ESE C 36 pring ; £ “0 1 3
e P s s s Spring . '65 1965 027 2, 4, 7 2, % —
218 N i : 0 . ' . _ .
32_19 g_g ) 1963 014 s ] an {93 (14 i - e
§5-20 - Virgin Trench Sito g w8 196, 0-08, = e 6 g, (4 @ = - s
85.91 1 80 km ESE Camp Century 10-4 i 195, 0-13 o £ 8 5, {4-5) - P —
69 52 . | 12-8 B 1955 0'12 b = 4 7".“ {4"") et oz —_—
: J = : 5 D - _— 4 7 {(5-.) = oo o
§5-2 131 0-57 195, 0-12 A 5
4 ) ventre whole-year 5 Composite 193 0-04 1 2 4 5 2y 0-02 e - 28-5
65-3 33-6 0:70, 794, 7 1 5 0 5 o1 = 30:0
65-4 4145 073, 190, 0-06, 1, 27 X T g 1 : —27.8
63-6 Inclined Shaft Camp Cenbury 467 075, igg: g'g;ﬁ ga gl g :'ﬁ g'a 3'1 — _28-9
5. o 2 g o 1 "% R ' = =
65-1 o B 18,, 0:03, 2, 5, ' 6, 3 02 T — 314
65-25 100 0:39, 18,5 0-03, 2, 35 8 B, 3y Ol ~ — 295
| - = | 1754 0-01, 24 5, 5 8y 2y 008 —_ —30:0
.8 o Py |
65-26 Ice Tunnel Camp Tuto — —_— " 800 B.C. <0001 A 524 4, 14 1 0-06 2-5 -
66-1 Virgin Trench Site 0:5 - '
66-3 315 Lk g\,.E B d Stati 1-0 ] Bottom of ]ayer st Summer '§5-"66 19866 < 9-004 2; 51 I 1'0 1“ — = =
i LSRR RHESS AL - Winter '65 1965 0-02 1, 2 2 0+ 0+, — — -—
ﬁﬁ'? 12-;.'): ke NE1 B}"Td Stutfon -5 l Battons gfla}-er . . : “"i.nter 85 1965 0-9 g — 2 1_3 1,E e j— R
66-7 35 km N Byrd Station 04 Winter %5 19C5 9. — —_— =y 20 24y = s i
GOt Virgin Trench Site &4 3 o 19?1 0-05 — =% — L= 1% — = -
o 215 km NE Byrd Stotion B . 1954 <0004 —r 4 == G-y g i = i
66-5 130 wore 194, <0004 i - — 0+ 14 i = s
66-A-1 5-7 0-46 194, 0-01 3, 8, 4 1 14 002 — —
66-A-2 11-0 0:54, 191, 0-0035 L e 3 i, I+, s — -
60-2-3 15-8 0-39, 188,  <0:001 = — s 7 1-, Iy 0008 —
66-A-4 20-1 } Centre whole-year g-gg, | ) Composite 185, < 0-001 2, 4, 3 0 O - s =
66-A-5 . : 242 ! 18 < 0-004 e’ P | 5 1 i, = — —
66.A-6 Inclined Shaft Byrd Station 98.5 070 13:: 000 — — s i :, 1.8 — __ —
66-A-T 32-7 072, 19.< 0-G06 3, 6, 4 I-, 1+ _— - st
66-4-3 35-8 014, 17,,  <0:001 - — 3 1y l-g 001 04 —
§6-4-10 435 J e, g 16, <0003 3 s 6 ¥ 1, 00l  — s
66-IL Erebus Glacier Tﬂngllﬂ e — ———— — - — —_— — [9] {1 1] ' {22] [0,4] iy —
ﬁ'ﬁ":"lI }iﬁﬁﬂrve Glﬁﬂi&r i —— — . A _— e — —_— — [43] [4501 Iﬁ'o] [4] e S

Parentheses () about & number indicate that it i3 unreliable becanse of contamination.
Brackets [ ] about & number indicats that it is approximate because anelytical procedures wers not well
adapted to such hizh concontrations, '



#3 -2, EERKEDDIERSBE

Location Na K Mg
70°015  435°04E 31 pe/kg 25 ug/kg 2.3 ug kg
76°508 43°05E 43 7 5.5 o 30 #
75°008 42°5DE $3 7 5.0 . 7 4.5 v
76° 588 45°5pE 16 ” 59 " 3.8 »
77°518 41°1 08 28 P 1.9 2 2.2 »
?B°84S_ 40°4 58 42 " 8.4 7 4.6 7
827498 40°17E 39 P 75 w 4.2 #
87°108 39°30F 98 v z 4 ” 1.2 "
88°09S 41°00E 29 p 2.4 " 1.8 w
88°50838 41° 80E I 0.9 ” 4.0° P
Rockefeller Platean 39 #” 1.4 4 4 #
Byrd St VDE~3Z B8 1.3~25 # a7 7
2%t 5km NB Byrd St {.4~1.8 # =% .4 »
69° 008 39°4DE 5300 610

5.2.1 & FE
Table 4— Average corcentrabions of elements in anmml composites (ug/kg )
Cl Na X Mg Ca Si Ti Pb
Average of 19242, 1857 ,1775 ard .
1694 from Byrd station 59 32 16 4 1.3 04 001 0005
800 B+C, Coastal glacier from
Tuto, Greenlan s70 350 14 45 {7 2 006 <<opod
Average of 1753, 1815, '35, '59,
*81, 92, 1900, 33, 46, and %5, 39 20 2.7 5 6.4 6.8 0.1 04
from Canp Century, Greenlan
5:2: 2 |\ ZF O ZF {
#Z 5 KEOMFT (ueksg)
ZERE (cm) Cl1 Na K Mg Ca Ti Pb 018 O(%)
1965 ESE 0~~3 7 23 89 1.4 20 28 0.04 0185 ~03
1965 18 Z7~75 37 85 30 29 9.7 0.05 019 =27
1965.1EH 7 5~8 4 62 28 2.5 39 11 003 042 -32
1964 FI4& B4~9 9 38 19 25 29 48 0.08 037 -24
1964 K 9 9~ 101 62 32 1.6 45 24 0.0 1 010 ~28




e g, Total Sea Salt Total Dust Lead

SNOW Na ClMg CaK Mg CaK
(7'keg) (r'ke) (7kg)
=08 IR =32 25 50 75 5 10 15 01 02 D3 04

I 1 t | : i1 1 i { 1 1 1 1 O O VN, N
- i i - A
¢ 20 1 “* ~ —{zer
f-_. = :l i -~ 63
o = i a
2 40 _ﬂ o _{soring ‘s .
g 60~ = = =
8 - - = “|Jag, Winter *66 l

80 — | _ - - ' —iDec, Winter 64
a 1 Autum *62 - ~

Fig, 1. Seasonal variations in salt, dust and lead concentrations in snow during Auwgust

1964 t0 Avgust 1945 at virgin site 80 Km ESE,of Camp Century, Silicate Mg, Ca and K
obtained from differences between observed itotal concentrations ami sea salt portions,

The latter were obtained by rormelization from observed sodium and chlor ire cumentratiunm

/Ti \AE \ 30
Bﬂ/\/\f/\/\/g]%
%\A/\/\/\/\@%/ /\ 10

AVAVAVAVAVAVA \/\/\

Mg 10 20 30 40 50 &0 70 80 90

Bl2 Bf#E NewByrd 8t, ( «f] ) & Greenlani Camp
Century ( XEl ) DFHD B ( BEHR )

— ] 4 -



5.2.3 F Z ({t
e
D A< .
c; g . New Eyrd Station
4 i “ i
E L 31° & OO ]
7] i | TEEEEE S LS S AN L I_T_'_'I-l.l T
42
.E? 'é & Camp Cenlury
N 1381 :
g 53 o— I S
E&"E i S R i S :
[
E,“ 3 ] Comp Cenlury &
(!-.'.': o e o o o 5
- g A *g: o v o o (] ©
E |
l‘iﬂ L BN T EENE ER (SN HE B DR G S Mk e S SEED SN Ot ERAS mbut N B SN babd e |
5 1700 4750 1800 1830 1900 %50
%P Age of sample

Fig., 3. Variations ofsalt anddust in whole—year ocomposites of firn with time at Camp
Century. Scales are adjusted so that height of value at 1753 A.D,is Same in all three

graphs,

5.2.4 Byrd St, & Camp Century (O#HE3ZE

=6 BXBDOERTEE (us/ksg)

Cl Na K Mg Ca Ti 8i Pb
Byrd Station| 59 31 16 37 13 0.01 1 D001
B 33 1.2 39 12 ¢ 0 0

& ® -2 0.4 -2 04 0.01 1 0001
Carp Cenmtury| 39 20 27 65 &4 0.1 7 01

# B 22 0.8 24 0.8 g 0 0O

& # -2 19 2% 546 pf 7 04

Table 7 Average concentrations ofsea salts and silicate
dusts in Polar snows

Location ppb Sea salt*® ppb Dustf

Anterctic Interior (Byrd Station) 100 2
Greenland Interior (Camp Century) 67 35
Coastal dreenlai(Camp Tuto) 1100 i0




5.2.5 BREOLFPES

Table 8 Order of magnitude differences, significant differences

S

Investigators Sample Location
Camp Century Greenland
(T7°10°X., 61°08'W".)
This work Mined Firn and Ico Blocks (Average of 1753-1965)

Laxcway {1967)

Junce (1960)

‘Ropricuez (1964)

McConreLL (1968)

HasmTox and Laxeway (1967)
Wopont {1968)

Scooped Snow (1003-84)

Firn Drill Cores (Average of 1915-1957)

Ice Well Water (Average of Soveral Centurivs),
Tco Well Water (Average of Several Centuries)
Ice Drill Cores (Average of Several Years) (Site 2)
Firn Drill Cores (Averags of 1933-35)

This worl:

Brocas and Derwicae (1963)
Haxarre ¢t al. (1968)
Sucawaza (1061)

MaTvEEV {1064)

aili

Polar Coastal Regions

Mined Yco Blocks (Cainp Tuto, Greenland)
(718°25'I.,, 68°20'W.)

Firn Drill Cores (Roi Baudouin, Antarctica)
{70930°S., 24°20°E.)

Snow Plugs {Roi Baudouin, Antarctica)
(70°30°S., 24°20°E.)

Snow (Scooped) (Shows, Antarctica)
{69°00S., 39°40°E.)

Firn (Cores?) (Mirnyy, Antarctica)
(66°35'S., 95°45°E.)

This work

MarvEEY (19064)
HaxarpE et al. ( iBEB]
Wirsox and Hoosk (1965)

Haxarre el al. (1968)

Antaretis Interior

Mined Firn Blocks (6870 km from Coast)
(Average of 1694-1042) (Rockefsller Plateau)

Firr. Drill Cores (600-700 km from Coast)
(Many years) (American Highland)

Snow Plugs (1250 km from Coast)
{South Pole)
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(South Pole} (Soveral Years)

Snow Plugs (1500 km from Const)
(Plateau Station)

and-figreements among geochemieal data for Polar snows

Tortal concentrations (yjkg) Silicato

Na Cl Mg Ca K Si S0, dust

20 3% 5 6-4 21 68 (4) (assumod) 35*
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Table ¢ 10° metric tons of leed smelted or burned 2s alkyls per year since 1750 A, D.

Nor thern Hemispbere Southern Hemisphere Northern Hemisphere

Inte - - :

Pripary smelting Secondary smelting Primry smelting Burred alkyls
1944 2400 700 350 310
1940 1900 600 340 180 (1958 data)
1950 1300 550 240 110
1940 : 1300 400 2390 36
1930 1200 400 170 4
1920 880 200 110 ]
1910 940 60 100
1200 750 0 80
1820 520 40
1880 400 24
1840 220 +
1800 ?0 50
1750 60 40

6.2 ZR P D38

Table 10 lead aercsol production in the Northern Hemisphere campared with lead
concentrations in Camp Century snow at different tinmes

- Fraction Tons of lead Fraction Toms of lead Total tons 7 lead
comveried aerosols 10°® tons of converted aerosols of Jead  per kg soow
10% tons of to praduced yr lead burned to . produced/yr aeroscls at
lead asrosols from smelteries as aerosols fram alkyls produced/yr Camp
Da te smelted YT (% (x103%) alkyls yr (% (x102) {x103) Century
1753 1 2 2 — - - 2 0.61
1815 2 2 4 = - —_ 4 003
1933 16 0.5 g 01 40 4 10 007
1946 6 31 0.06 2 3 10 100 100 0.2
« ---« Lpad smelted in Nor thern 3
Hemisphere
x---1 Ipad snelted in Southern
Hemisphere >
.—--a Lead burned as alkyls in .22
northern Hemishere il
L
A - ]
/|
=T
- xX
s 4 =
/ g
_‘_,.,--"'./ l’
- e s "'
= =l - a 8 ¥ Y
- +—— -5 — -r—o
750 1800 L 200 1350

Date
Fig, 4. World lead smelter praduction ami lead alkyl production simce 1750 A,D,
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