René P. Schwarzenbach, Philip M. Gschwend, and Dieter M. Imboden

312
RO




ENVIRONMENTAL ORGANIC

CHEMISTRY

RENE P. SCHWARZENBACH
Swiss Federal Institute of Technology (ETH)
ZUrich, Switzerland
and
Swiss Federal Institute for Water Resources
and Water Pollution Control (EAWAG)
Dibendorf, Switzerland

PHILIP M. GSCHWEND

Department of Civil and Environmental Engineering
Massachusetts Institute of Technology

Cambridge, Massachusetts

DIETER M. IMBODEN
Swiss Federal Institute of Technology (ETH)
ZUrich, Switzerland
and
Swiss Federal Institute for Water Resources
and Water Pollution Control (EAWAG)
Dabendorf, Switzerland

A Wiley-Interscience Publication
JOHN WILEY & SONS, INC.
New York / Chichester / Brisbane / Toronto / Singapore




This text is printed on acid-free paper.

Copyright © 1993 by John Wiley & Sons, Inc.

All rights reserved. Published simultaneously in Canada.

Reproduction or translation of any part of this work beyond
that permitted by Section 107 or 108 of the 1976 United

States Copyright Act without the permission of the copyright
owner is unlawful. Requests for permission or further
information should be addressed to the Permissions Department,
John Wiley & Sons, Inc., 605 Third Avenue, New York, NY
10158-0012.

Library of Congress Cataloging in Publication Data:
Schwarzenbach, René P., 1945~
Environmental organic chemistry / by René P. Schwarzenbach, Philip M.
Gschwend, Dieter M. Imboden.
p. cm.
“A Wiley-Interscience Publication.”
Includes bibliographical references and index.
ISBN 0-471-83941-8 (cloth)
1. Organic compounds— Environmental aspects. 2. Water chemistry.

L. Gschwend, P. M. II. Imboden, Dieter M., 1943~ . I11. Title.
TD196.073839 1992
628.1°68—dc20 92-10737

Printed in the United States of America
10 9




CONTENT

PREFACE
1 INTRODUCTION

2 AN INTRODUCTION TO ENVIRONMENTAL ORGANIC CHEMICALS

2.1 Introduction / 8
2.2 The Makeup of Organic Compounds / 8

2.3 Classification, Nomenclature, and Examples of Environmental
Organic Chemicals / 30

3 BACKGROUND THERMODYNAMICS

3.1 Introduction / 41

3.2 Using Thermodynamic Functions to Describe Molecular
Energies / 42

3.3 Using Thermodynamic Functions to Quantify Molecular Change
Processes / 50

34 Summary / 55

4 VAPOR PRESSURE

4.1 Introduction / 56
4.2 Thermodynamic Considerations / 58
4.3 Molecular Interactions Governing Vapor Pressure / 63

ix

41

56




vi CONTENTS

4.4  Availability of Experimental Vapor Pressure Data and Estimation

Methods / 70

5 SOLUBILITY AND ACTIVITY COEFFICIENT IN WATER

5.1
5.2

53
5.4

5.5

5.6

Introduction / 76

Thermodynamic Considerations / 77

Molecular Interpretation of the Dissolution Process / 82
Effect of Temperature and Solution Composition on Aqueous
Solubility and Activity Coefficient / 90

Dissolution of Organic Compounds in Water from Organic
Liquid Mixtures / 104

Availability of Solubility Data; Estimation of Aqueous
Solubility and Activity Coefficient / 107

6 AIR-WATER PARTITIONING: THE HENRY’S LAW CONSTANT

6.1
6.2

6.3
6.4

Introduction / 109

Thermodynamic Considerations: Effects of Concentration,
Temperature, Salt, and Cosolutes / 112

Experimental Determination of Air-Water Partition Ratios / 116

Availability of K; Data— Estimation Methods / 123

7 ORGANIC SOLVENT-WATER PARTITIONING: THE OCTANOL-WATER
PARTITION CONSTANT

7.1
72

7.3

7.4

7.5

Introduction / 124

Thermodynamic Considerations and Molecular Interpretation of
Solvent—Water Partitioning / 125

The n-Octanol-Water Partition Constant (K,,) of Neutral
Organic Compounds / 130

Approaches Using Chemical Structure to Relate and Estimate
Partition Constants / 134

Chemical Structure and Partitioning Behavior— Estimation

of K,,, from Structural Group Contributions / 142

8 ORGANIC ACIDS AND BASES: ACIDITY CONSTANT AND
PARTITIONING BEHAVIOR

8.1
8.2
8.3

8.4

Introduction— Acidity Constant / 157

Chemical Structure and Acidity Constant / 166

Availability of Experimental pK, Values and pK, Estimation
Methods / 170 L

Comments on Aqueous Solubility and Partitioning Behavior of
Organic Acids and Bases / 178

76

109

124

157



CONTENTS

9 DIFFUSION

10

11

12

13

9.1

9.2
9.3
9.4

The Gradient-Flux Law: Offspring of Randomness at the
Molecular Level / 182 -

Fick’s Second Law / 188
Molecular Diffusivities / 194
Turbulent Diffusion / 200

THE GAS-LIQUID INTERFACE: AIR-WATER EXCHANGE

10.1
10.2

10.3
10.4
10.5

10.6

Introduction / 215

Visualization of the Mechanisms Involved in Air—Water
Exchange / 217

Air-Water Exchange Model Formulations / 219
Impact of Wind and Water Currents on v,, and v, / 228

Influence of Chemical Reactions on Air-Water Exchange
Rates / 241

Surface Films / 251

SORPTION: SOLID-AQUEOUS SOLUTION EXCHANGE

11.1
11.2

11.3
11.4

11.5

11.6

11.7

Introduction / 255

Quantifying the Relative Abundances of Dissolved and Sorbed
Species: The Solid—Water Distribution Ratio K, / 258

The Complex Nature of K,’s / 262

Sorption of Neutral Organic Chemicals to Soils and
Sediments / 265

Sorption of Neutral Organic Chemicals to Polar Mineral
Surfaces / 284

Adsorption of Ionizable Organic Chemicals from Aqueous
Solutions / 291

Sorption Kinetics 328

CHEMICAL TRANSFORMATION REACTIONS

12.1
12.2

12.3

12.4

Introduction / 342

Kinetic Aspects of Chemical Transformation
Reactions / 344

Nonreductive Chemical Reactions Involving
Nucleophilic Species / 359

Oxidation and Reduction Reactions / 399

PHOTOCHEMICAL TRANSFORMATION REACTIONS

13.1
132

Introduction / 436
Some Basic Principles of Photochemistry / 437

vii

182

215

255

342

436




viii CONTENTS

13.3

13.4
13.5

Direct Photolysis of Organic Compounds in Natural
Water / 451
Indirect (Sensitized) Photolysis of Organic Compounds / 471

Effects of Particles on Photolytic Transformations of Organic
Compounds in Natural Water / 483

14 BIOLOGICAL TRANSFORMATION REACTIONS

14.1
14.2
14.3

14.4
14.5

Introduction / 485
Some Important Concepts about Microorganisms / 489

Strategies of Microorganisms to Initiate Metabolism of
Xenobiotic Compounds / 494

Rates of Biotransformations / 520
Closing Remarks / 546

15 MODELING CONCEPTS

151
152
15.3
154

15.5

APPENDIX

Introduction / 547
Mass Balance—The Cornerstone of Box Models / 551
Dynamic Box Models / 554

The Solid—-Water Interface: Modeling the Role of
Particles / 578

Space and Time: Continuous Models / 598

BIBLIOGRAPHY

INDEX

485

547

617

626

857



ntold. We
indwaters.
n once he
‘0 explain
trophoto-
g of how
ich easier

APPENDIX




UL oo v UL v v U

JLC (2. BV

Y1—
A 89T — TI— S50 $'9¢g 9'p6— 1'8S O°H*D au0)0y
€71 8TT— wo wo 0LT 0L 191 154 001 O'H®D [ouexayo[AD)
e 18T oOvve 00— (454! okdd® e [orpauexay
€ T-HAyig-g
LLE €I 007 €I §6— Tryl 10343 de' [ouBnON-]
¥8¢C s€T Yp6l  L91— TOEl O 'H®D jouePQ-1
€0°¢C 88°0 $8°C 08T L9p— 7201 o'y Jouexsf-1
6L°0 S6'1— Lo 0T TLIT  §68— 187 O°'H"D foueing-1
SpunodwoDd ooydyy snosuvystpy
. LSY 68T (497 €91 2 XA SRS (1 (441! YHED U301
T oeee SHT (S 090 7'€9 861 — 4% 25 ko) SuUSXaY-|
e Yard ST'e 060 L'08 99 ¥ 382 o) suexsyopL)
. 1 80'8 L99 1S 74 sz SHYD SUBIIPRIO-U
L0T 08'L £L§ 0L8C T8I 9T 1" SUBOIPEXSH-U
e rAYA 08¢ €91 96— £0L1 TH D sueospo(g-u
8¢ LS9 9.7 vl L6T— €Tyl 335 ko) JuBI(-U
OLE v6'S vt g0ST  OT5— €821 SHPD o aURUORGEy
81°¢ Lre 0TS €LT LSt 89¢— (441! 2 e T suepPQ-u
99y 0€¢ {54 171 86 906— 7001 J'HOO sumdepu—
Iy ~PTE 2 €8°E % 690 069 056 798 YH%D  C__ouexopu—
79°¢ 60°€ ST 910 19¢ L6 — T YHD sueuag-#
68T 86'C 65T 86T 6€0— $0—  ¥8EI— I'8S M i) suging-u
9€T $8T 881 #$8°C L60— TTy—  L681— 1%%4 D suedolg
181 697 260'1 69T 091 — 988~  €€81— 1°0€ HD sueylg
60’1 787 2860 28T - OP9T— ST8I— 091 YHO suBylRN
$U0qwI0LPA [ parvanivsus) puv pavanivg
"5 Sof (fpyuouniradxy)  (sasen) pue (sesen) pue . D) 1M O B[OWLIO sweN
pargnore) spijog 10.]) spijos 10.3) i “y IRJROSfO A punodwo))
[;_(arem Hy 30 (DwOB01— D 80I— (D 80— (g F0[—
r-1-fow).(fouz
B0 _T-0w)]  (,_jowrune-y) (y_T10W) DST B
Du$T ¥ 30307 5,67 18 jJurisuo) Aypqnjog (une) D57 12
oD uonmIeg  mey sAiusy snoanby amssarg 1odep

618

™EM—Tour0




wy

0607

8¢'¢

8¢t

w'e
067
8Ty
we

§9°¢

€9t
8l'¢

e

sie

69T

€17

(439
Y4y
1304
C8LT
i8¢
9LT

¥l SI'y
wo
Se0 e

(dxs 87°0)
620670

(dxa $5°0)
S50
€Tl
€11
760

oL0

660
80

Lo

(dx? ¢6°0)
060

(dxa ¢80}
€80

(dxa 51°0)
vLO

S10—
£80—

(394
o't

6e¢

10°€°0C°€

344
65y
Lot
(U
£ee

2 %3
LLT

9LT

087

§TT

791

90°¢

0Le
S0T

ire

oLT

4%

1Te

1223

iLe

081
9¢'t
987
8T
LST

6eT
£6'1

$07T

061

wi

060

PSPUBZUDG PAINNISqNS

Sv'e
88C

080T

§elt

oLl

0081

0Tel
[ 43V/4
0¢8]
LvS1

¥'691

7651
08¢l

144!

T9¢el

9011

108

8'00C
S8LI
€661
741
01T
6TL]

0'¢9

691

I'es

oL1—

Sy —
OSL—
0'88—
Lyy—

8y —

9101 —
el

2%

0S6—

0s6—

SS

(U
196 —
Ly8—
6LL—
St

091 —

;181

5181

'Lyl

(A4t

oCI
€8yl
el
ot

4!

01
901

7901

7901

1’6

8L

reel
I'6L1
1691
oIt
[4%]!
[4:14!

SDHD
SO'HD

HOYH®D

TDYHD

DSHD
w~m~ ~U
Q«m.:o

NﬁmmU

Nwmmo

Nﬁmmu
oamwo

oﬂmwu

orgg8y
*H'D

*HD

gHHD
IgSTHO
gD
No~mmwo
OONmA:U

O%'H®D

suazusq
-030TgOLE-6°¢"]
auszuaq

-CIO[IL LT
suszusq

-OIOTYIC-¥°1

oudZUSq
-0I0[YII-T'T

QUSZUSQOIONYD
suszusqjhIusg-u
suszusqiing-u
SuaZuSqIAYIoW
A
JusZUSqiAYIow
BLYTT
suszusqjAdoig-u
UaZU3q
HAyrewi-4
lieraial]
Ay g-gy

JudzuaqiAfIg
suanjoJ,

[WZUY

2UBID00WOIG-|
sueydoyouroig-|
suexsyowoIg-|
a1ee0BiAIng-u
suouessg-7
SUOUBIO-T

619




- vo~ -JAqieunI-N

99°1 8Tl €961  OLS— T'L01 N°HD suiue
-IEYRN-N
060 8YT— 10 687 0481 £9— 16 N‘H*D ampuy
917 S0'1 6¥LT 06 9871 OID°H?D  ousydolon)-g
S€¢ LTT 611 001z §LT T O H®D fouayd
Kyeung-47
961 65°1 T ST 9'801 O*H"D (1osaxo-u)
fousyd [Aq10N-€
¥l 6¢°¢— 700 070 £ 65°¢ LI8T  O€h I'v6 O°H®D jouayg
LTt 6L°0 6L°1 0071 168 Tir— 196 A°H®D  suszuaqoronyy
£6°¢ LTO 0T'¢ €9°¢ £0°¢ 9p'€ 0961  0'89 S161 DI HD ouszUAq
-OHOEUOEOHm-v
SLE ov'0 543 LOY S0¢ L9€ 061C  €L8 6'6£T Lg'H%D auazudq
-OWoIqI(I-4]
(dx2 6£0)
667 0 ¥9'C ST 09ST  80¢— 0'LST Ig'H?D  suazusqowolg
05's 81°0 $9°6 69°L 9'S 1$°L 07T 00£C 88T °10°D suazuaq
— .OuOEomxom
€0°s 060 $6Y 96 SOy 99y OLLT 098 €057 ‘IOHS Juszusq
-oloyseiusd
S9P 780 sSp €8y €L€ 10% 09vT  SHS 612 YID'H®D  suszusqoIofyd
“RIRI-CCTT
S y1°0 0Ty Wy 90 8TY 0¥ST 'Ly 61T YID'H®D  suszusqoIoyd
“eNBLHE Tl
"o~y 301 (reruswradxy) (sasen) pue (saseny pur 3.) 0.} M O B[OULIO] awen
pareinoe) SPIOS 104) SpIfoS 10.3) A “r IB[NOS[OIN punodwo)
[;_(zorem Hyr 8o (DD 801~ 23801~ (T)edB0i— g 80j—
1= 1-Jow).(joue
~100 ;_J-[0un)]
D.ST ' uady  (; _jowruney) (y_T10W) 5,67 12
-J203 uonnIed 3,67 1® wejsuon) £ypiqnyog (wie) D,57 12
Dl —ouRd()  MET SsAruoly snoanby amssald 1odep

(ponunuoy) xipueddy

620




621

LSV 68— LYy 0L 00FE sT> €'8LT TOUTHD arereqiyd
1hng-u-1q
1y €Iy $'96C ST> £'8LT TOUTHO'D arepeyyd
Kingosu
LTE 9¢°¢ S0 ST> €0S¢C O H'D srereyiyd
[Adoxd-u-1q
S€T 0LT— 8¢'C 80°C 0867 sT> T OV HE'D srereyd
1Agera
€51 96'T— 991 97 L'€8T 5T> TY6l o' H°'D srepeyyd
Kylewig
.\.mmﬁdcxux&
059 6T L9 reas £9°6 PITL SLTA €8T Tty ouarkd(e)ozuog
16 v~ 96'S €L 078 §56 ossy  86S1 €'82C (3% ie} 3usd
-exqiue{e)zusg
(dxs 961—)
NS S0T— Se's LT9 ov'L T8 0951 €70 hd S o] ouarkg
s 86'1— 80°S £6°S 9L 16°L 8011 £70T THYD SUBIYIURION[]
49 91— 3y 9v'9 e 01’8 oTe  SLIT T8LL OTHTID SUBOBIYIULY
(dxe ¢y'1-)
LSY 65'1— oy 0TS $0'9 6L°9 TOVE  S66 8Ll oY SuaIYIUBUAY]
(dxs 001 )
P17 vIi— 80y 96y TS 019 0s6r  O€lT 7991 OTHES sua10n]f
(dxs 10—}
9¢g LEO— 90°¢ 19°¢ €r'e 86°C 6LIT 908 78T 32000 suspeyydeN

,SUOGIDI04PA [ D1IDUIOLY onododijod

81 6€1— 11 06T 8Ll 09— 1901 O°HD opAysp[ezusg

€81 LL1 g1z LS 1'€T1 ON*H’D 5uaZUaqOIIN

1€ 0T ovel ST [Ar4! NVHED suljiue
[AqIeuti@-N

£o61  OLS— TLOY N°H'D sumue
JAMRIN-N
cme eal Tch N'HPD sy

99'T 871




887 I y0°€ 091 01zl 061- 8691 % susy1s
-0IO[YoBNS],

we €01 70T 107 0'L8 0tL— ¥ IDH®D  suspIsolopgouy
090 S¢'1 9L°0 ST 650~ 143 Sl 219 £ $'T9 D'H®D  (opHopgd Auta)
[UYIB0IoIYD
6£T 60— pLl 90T TovT 09— 6191 - CID'HYD  suegsoroqd
“BNAL-TTTY
8T 671 10T 8L0 1%L y'oE— yEel fO°HD  suegpologo
SUE-TTY
(dx> go70)
Lyl £0°0 LOT 01 $'e8 ysE— 066 POHD sue?
-0JO[YdIA-T1
6L'1 8L0 0c'l 50 §LS 0L6— 066 IPOHD suzyla
-0IO[Y-1
(dxa ¢e'y)
ot 8¢] 0T 780 $9L 6T~ gEST *1D0 sueyiew
. -0JO[YORID] T
(dx2 65°0)
€61 090 61'1 650 L9 $€9—~ 7611 SIOHD suegow
-OIOIYOLL],
(dxa gy0)
STl 10 $9°0 £2°0 L6E I's6— 68 HO'HD sueyow
‘O.MOEQE
160 860 [441) 2360 oLo— YT~  L'Le— $08 D'HD  sueygpwolom)
sSpunoduio)y *o-*5 pamwusbopyy
“°y 301 (ewwowpedxg)  (sosesy pue (sasen pue (0.) 0.) 1M oW zjnuLo g suren
pate[nope)y SPHOS 10.) . Spjog 10,]) %L UL JRROSO puncduwro)
[;_(mem "¥801 . (Dmdfoi— 23801 (Dod 80]— g S0]~
1 - 1-jow).(joue
-390 | _7.jow)]
DoST B IWMY (| _jowrwe ) (- T10®) 5,57 10
320D wonmey 0,67 1B weIsuo)) fupgnjog (we) 557 12
IEM-OUR) M shiuoy snoanby amssaig lodep N
(3
@

(pomugauo3) xapuaddy




€8
L
899
L69
ST'L
99
16
819
8L'¢
LS
£e’s
(443
1394
SV 4

1294

91¢C

61°1

06y

88'C

eL1—
ST1—
408 St
£6°0—
sTi—
90—
160—
¥S0—
90—
690—
6L0—
Lyo—
£9°0—
600—

057

o1

Wo—

£6°0—

wo—

6L0

Wl

[4%]
¥0'8

8L

SvL
0oL
8L9
L99
(USY
Lre
L9
6C'S

8y
1524
88'¢
081

80T

£5°0

§S01
676
o8
L8
8L
Ov'L
oLl
90°L
w6
99
€59
B Y
(154
LSP

09T

01T

wt

Wz

161

5600

067

£8'6
60’8

€58

8¢'8
S1'8
Ov'L
81'L
99
135
9¢9
809
£Ts
(L4
(LY

8T
123

V4]

§9°'6
L68
we
178
09°L
889
$69
[4 %)
1299
oL’
95y

[ 33Y4

« SEDd ) sihusydig pawuriopdfjog

080—

wo—

9C0—

06

LST

€17

(ore9)
e

67—
8T

0'8LI

£L91

eyl

(134

(1 14

8'60¢
0191

£l

6’151
0'¢0t
OLL
0’81
0'L8
005
£9L
1141
(X4
LULlL
1'ce
O'1L

08¢t —

(VR84 S

(445

9'¢6—

0Iz—

061 —

L'86v
86Ty
€668
6°09¢
609¢
¥'9ce
(44
0'T6T
§LST
§LST
I'ece
| R Y44
9881
9'881
[4%Y!

6°0C1

vLel

14474

6'L81

85T

676

8097

RCoT

o;mvﬁu
SOTHTD
hﬂommw —U
wﬂUQEN HU
ID'HYD
ID°H'O
ID°H'D
"D°HYD
‘OFHTD
SDFHETD
IOPHD
HOPHED
D°H'D
DH'D
o-m~«mv

e’}

A500

DYGTHED

z um«.m NU
SIgHD
gEHD

o )ge]

4 ia12eY

Jg-oopyoeosg
d€¥0

-99° 5 £ €T T
d40

9y EE T

dEO- ¥V £€°TT

d9o-8S' Yy

d90-56Y' T

d9o-¥V'ET

d90-5°°T

d90¢'t

d90-$%T

49 ¥y

dE0-$T

d¥€0V

dg2C

jAuoydig

SUBHIIWOION]
-IPOIOIYII
SuBYISUOION]
-OI0o[oL ],
suedoxd
-0JOJYo
-£-0WoIqIF-T]
SueyId
-OwWoIqI-7° [
sueYyow
-OWOIqUI ],
SUBYISWOWOIY

susipeIng
-OIO[YOeXSH]

Eairaliatal

623




o~ oo 6c ULt 84OV H"'D uoiereN

18°¢ we— €y $9L 19 €16T Sd*ON"'H*"D uoryiered
9€'9 0T~ 10°L $8'L €06 L8'6 0601 197233 SIOPHTTD 1rag-dd
87's S61— 86Y £2°9 89'9 31'8 OSLY 6°08¢ O°1D*H'D aupppi
8L¢ 6vT— 1L 65y 0z9 80°L 6Tl 8062 *°HD {ouexoy
~O]2£5010140
-exay-d) suepury
9’9 €1 SL £01 28 911 1Ty 50¢ 743 "1D'0THY'D urxoip-d
-0ZUsqipoiofyo

BB L-8°L'ET
[SPUnoduio) oY1) puv SapINISsd SNOFUD}PISIIY

(19°0) og'1 69°0 L €L~ 119 S*H*0  tompsurdoig-u
cs0) 1.0 91°0 0S¢ vwri— €179 S°HO [orpioueyly
(6€°0) 1600 00€0— 79 0€CI— I8y S"HO lonpsueya
(6£°0) 81 91 9TIL  ¥E9—  LI'86 S°HD susydony)
HKqiop-z
18°1 (se0) €61 86°0 T8 T8E— I8 S’HD asusydonyy,
tzo Wt 0T 0pST  SI0I—  STTTI S'H"D>  spyins fApeig
LLY zoo) w1 W L'601  Lv8—  0T¥6 ‘S°H'O  opyins Ay
43V ¥TT w 00zl T8L—  $T8IT STHD apyjns
{Adoxdosuq
(850 85T 01°¢ yTrl  STI—  ¥T8Il 13482 e spy[ns
) [Adoxd-u-1(g
S6'1 (cco) Pe'l (4%} I'6  8€0I— 6106 S'H'D  spyms KAyseig
sz S70 0Z0 €L 08—  €I79 S*H'D  epyns [Amawng
Spunodwo) buwiuoy-unfing
"oy So1 (reruaunaadxy) (saseny puz (seseny pue 0.) 0o M O BAWIO SUIBN]
paiemoe) SPHOS 10.]) SPIOS 10.]) bt “r IBINOSOTA punoduro)
[;_(rem "y 801 (D080~ D80[— (T)pd B0]—  J80]—
¢ 1-jour).(joue
<100, _1-fow)]
Do$T 1B U (;_jow wie ) (y-TI0u) D57 12
Je0D vonnIRy 1,67 I® WBISUOD fiqnjog (me) D67 1®
Iepm—foueldoy  me sATusy snoanby a1nssaig 1odep

624

(ponuniuo))y xipusddy




625

(88671) so3H pue 107317 (q'e9867) e 12 Sjdrey (5861) Aueduror OJuBSUOIN {(q°BZ86T) UBWIAT (1867) niys pue Aeyoew {0861) ¢ 10 oolroueg,

(g861) 12 10 Kuzelfz1g ‘9861-5861 DUD (6L61) 09 pue yosuey,

{$861) ‘12 12 preyying

¥861) 'Te 32 uIngpoom (y861) yoruesty pue 1odedey (pg61) T8 10 IOy (v861) Te 30 prewyng (pg61) uvwolpig (1861) T¢ 19 1O Q06T Te 10 Aeyr,
(c861) yieAIoH (1861) NIYS pue Aeyorl {0861) T 10 sofioueg “(6L61) 07 pue yosuey,

(£861) 198uenog pue 19pAT ‘9861-5861 YD (0861) T8 12 oM ’

(7861) asnoyaiym {€861) Te 32 PI2OULOS (£361) T8 19 ABIN (BOS6T) T¢ 30 ABYORN (TL6T) UsZI90 pue adoyonep,

~ (7861) T8 12 1[N {T6T) T8 10 MO {786]) YIEAIOR

{T861) 12 30 nowy (1861) nIys pue KeOEI ‘98615861 DU (0861) T8 10 oalxaueg H6.61) T¢ 12 Aysmod[ex (6L61) IWeAep pue AyssoyEA (6L6T) 097 pue yosuey,
(2861) T2 32 11BMOL 98616861 DUD (6L61) 09 Pue yosuey],

(2861) 'Te 12 emay {(1867) WIS (1861) nIYS pue Aexoe (6.61) 027 pue yosuey,

e iy,
s 6t'S 109 OLL 7'89¢ YOd'*H'D areydsoyd
-14sa19-0-11],
00 86'S ST> €997 YOdTHD areydsoyd
-fAnquy,
L8O LLT LSY 00T 1zt *O°N°H®D (ouexoy
-~0j2Ad0n1U
-l3-G*¢“1-ezRIn
-6 1) XaQd
95T €€ 18°¢ 0pLI L'S1T NIDPIHED surzeny
vE'l 61 IS¢ 0491 (444 ‘ONFAY'H D uonjawony
09°1 Ly1 €L 01sT £I17e fFONFTH® "D ueInjoqre))
9¢T €67 oL'g 0Py TI0T TON''H"D Areqie)
{D.0¢)
69 167 ¥€9 80°01 0'89 6'€6€  SI'ONID'H''D SOJI[EN]
(0-07)
€8¢ £9°¢ ory 6 0L €LIg SITONT'H'D Msoyq

68T 9¢¢ 6T P0g€ ’Sd°05'H10" ) uoryIe[ely






