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ABSTRACT 

Continuous fumigation of a l f a l f a ,  grapes,  
l e t t u c e ,  sugar  b e e t s ,  Cal i forn ia  buckeye, ponder- 
osa pine,  and Douglas f i r  with 3000 p a r t s  per  
b i l l i o n  (ppb) H2S caused l e a f  l e s i o n s ,  defo l ia -  
t i o n ,  reduced growth, and death of s e n s i t i v e  
species .  
s i m i l a r  e f f e c t s .  S u l f u r  accumulated i n  leaves  
depending upon dosage. Lower l e v e l s  of H2S, 30 
ppb and sometimes 100 ppb, caused s i g n i f i c a n t  
s t imula t ion  i n  growth of l e t t u c e ,  sugar bee ts ,  
and a l f a l f a .  The s t imula t ion  occurred a t  cer- 
t a i n  times of year .  Addition of 50 p a r t s  per  
m i l l i o n  (ppm) of C02 t o  t h e  fumigation atmos- 
pheres  overcame growth reduct ion caused by 300 
ppb H2S i n  l e t t u c e  and sugar beets .  Two v a r i -  
eties of grapes and one v a r i e t y  each of pears  
and walnuts were fumigated wi th  the  h ighes t  
ambient l e v e l s  of H2S found near  The Geysers, 
t r e b l e  ambient H2S and amounts of SO2 equiva- 
l e n t  t o  t h e  t r e b l e  l e v e l s  of H2S. No d e l e t e r i -  
ous growth o r  f r u i t i n g  symptoms were observed 
which could be ascr ibed  t o  t h e  t reatments .  

Three hundred ppb caused lesser but  

INTRODUCTION 

Hydrogen s u l f i d e  is a malodorous gas  pro- 
duced by many i n d u s t r i a l  and b i o l o g i c a l  proces- 
ses and is  o f t e n  a major component of geothermal 
emissions. It is  h ighly  t o x i c  t o  man. Exten- 
s i v e  power development a t  The Geysers, Cal i f .  has  
caused major complaints because of odor and 
ranchers  f e a r  t h a t  c rops  are being in jured .  
Limited s t u d i e s  (1 ,2)  wi th  high l e v e l ,  s h o r t  
term fumigations have shown i n j u r y  t o  some crop 
and weed spec ies  but  r e c e n t  s t u d i e s  a t  t h e  Univer- 
s i t y  of Cal i forn ia ,  Rivers ide (3,4,5) are t h e  only 
long term, lower l e v e l  s t u d i e s  designed t o  a s s e s s  
i n j u r y  t o  crop and f o r e s t  spec ies  from geothermal 
emissions such as those  occurr ing  a t  The Geysers. 

EXPERIMENTAL 

A. CONTINUOUS CONSTANT LEVEL FUMIGATIONS. 
Procedure 

t o  a number of crop and f o r e s t  p l a n t s  growing i n  
The Geysers area, a l f a l f a  (Medicago s a t i v a  L) ,  
Thompson s e e d l e s s  grapes ( V i t i s  v i n i f e r a ) ,  
l e t t u c e  (Lactuca s a t i v a ) ,  sugar b e e t s  (Beta vul- 
g a r i s )  , C a l i f o r n i a  buckeye (Aesculus c a l i f o r n i c a )  , 

To e s t a b l i s h  b a s i c  a c u t e  t o x i c i t y  of H2S 

ponderosa p i n e  (Pinus ponderosa), and. Douglas 
f i r  (Pseudotsuga menziesi i )  were exposed t o  
serial concent ra t ions  of H2S. 

Continuous, uniform l e v e l  fumigations were 
conducted i n  four  greenhouses. Hydrogen s u l f i d e  
was i n j e c t e d  i n t o  t h e  carbon-f i l te red ,  incoming 
a i r  stream t o  provide t h e  required concent ra t ions  
of fumigant. 

Three fumigation procedures were employed. 
I n  t h e  f i r s t  series of experiments during 1975, 
a l f a l f a ,  Thompson s e e d l e s s  grapes,  ponderosa 
p ine ,  and Cal i forn ia  buckeye were exposed t o  
concent ra t ions  of 0, 30, 300, and 3000 p a r t s  
p e r  b i l l i o n  (ppb) of H2S. Lower p o l l u t i o n  l e v e l s  
(0, 30, 100, and 300 ppb) were used i n  t h e  second 
fumigation series during 1976 which involved 
a l f a l f a ,  l e t t u c e ,  sugar b e e t s ,  Douglas f i r ,  and 
a second set of Thompson s e e d l e s s  grapes. The 
t h i r d  fumigation at tempted t o  s imula te  e f f l u e n t  
gases  from The Geysers which conta in  consider-  
a b l e  l e v e l s  of C02 i n  a d d i t i o n  t o  t h e  H2S. This  
s tudy used 0 ( c o n t r o l ) ,  30, 100 and 300 ppb H2S, 
300 ppb H2S + 50 p a r t s  per  m i l l i o n  (ppm) C02 and 
300 ppb SO2. 
oxidized t o  SO2 i n  t h e  atmosphere. 

The SO2 was compared because H2S i s  

A l l  spec ies  of p l a n t s  were grown i n  pots .  A 
s o i l  mix c o n s i s t i n g  of pea t  moss, redwood shavings,  
and s i l t  (1-1-1) was used. Mineral salts were 
added t o  provide i n i t i a l  f e r t i l i z a t i o n .  The 
p l a n t s  were i r r i g a t e d  wi th  one-half s t r e n g t h  
Hoagland's s o l u t i o n  twice weekly. A l l  d a t a ,  where 
r e p l i c a t e d ,  were analyzed s t a t i s t i c a l l y  by an 
a n a l y s i s  of var iance  and a multiple-range test .  

Resul t s  
E f f e c t s  of Continuous H7S Fumigation on 

A l f a l f a .  During 1975 when fumigation l e v e l s  
were 0, 30, 300, and 3000 ppb H2S, green a l f a l f a  
showed whi te  marginal l e a f  l e s i o n s  on mature 
l e a v e s  wi th in  5 days a t  t h e  h ighes t  l e v e l  of H2S. 
To determine y i e l d ,  t h e  p l a n t s  were c u t  a t  28-35- 
day i n t e r v a l s .  Growth was reduced during t h e  
f i r s t  growing per iod a t  both 300 and 3000 ppb 
H2S wi th  Hayden (Table 1 ) .  The h ighes t  l e v e l  
reduced growth of Eldorado, and a t rend was shown 
a t  300 ppb. 
30 ppb. 
most of t h e  p l a n t s  d ied  a t  3000 ppb, and growth 
was reduced i n  both v a r i e t i e s  a t  300 ppb. Samples 
of d r i e d  t i s s u e  from these  two c u t t i n g s  were 

No e f f e c t  on growth was caused by 
During t h e  subsequent growth per iod ,  



Thompson e t  a l .  

analyzed f o r  t o t a l  s u l f u r  and showed graduated 
accttmulat ion corresponding t o  t h e  l e v e l s  of H2S 
i n  t h e  d i f f e r e n t  atmospheres. 

Table 1. Effects of Continuous H2S Fumigation on 
Growth and Sulfur Accumulation in Alfalfaa 

nzs, 
ppb 

13 Aug 1975 30 
300 

3000 

9 Sept 1975 30 

Cutting # 1 0 

Cutting #2 0 

AIlalla _rarlely 
Eldorado Hayden 

A r  Total Av Total 
h l S d w S  
wtl a. W t l  a. 
Pol, SO& so& 
Q % 0 % 

52y 1.03 52x 092  
51 y 1.23 52x 1.36 
42y 245  32y 244 
16z 485  l l z  520  
45y 094  46y 1.00 
46y 1.10 43y 1.29 

300 31 z 3.00 282 3.41 

a Values followed by different letters are different at the 1 % level 

During 1976, fumigation a t  3000 ppb was d is -  
cont inued,  and a t reatment  a t  100 ppb H2S w a s  
added i n  an at tempt  t o  determine more p r e c i s e l y  
t h e  amount of H2S which caused reduced growth i n  
t h i s  crop. Eight  success ive  c u t t i n g s  were har- 

Tota l  dry weight of cane w a s  reduced t o  one- 
half  wi th  300 ppb as compared t o  t h e  c o n t r o l ,  but  
t h e  t o t a l  l e n g t h  was t h e  same s t a t i s t i c a l l y ,  show- 
ing that t h e  H2S caused a t h i n  sp indly  growth of 
canes. 
one-half t h e  cont ro l ,  bu t  weight was one-fourth, 
showing t h e  same e f f e c t .  Composite l e a f  samples 
were analyzed f o r  t o t a l  s u l f u r  and showed accumu- 
l a t i o n  i n  grape leaves  s i m i l a r  t o  those  i n  a l f -  
a l f a .  

With 3000 ppb t h e  cane length  was about 

S i g n i f i c a n t  increase  of f r e s h  l e a f  weight 
was induced with 30 and 100 ppb H2S over t h e  con- 
t r o l s  wi th  t h e  same numerical t rend i n  dry 
weight (Table 3) i n  1976. Fresh weight of canes 

Table 3. Effects of Increasing Levels of H2S on Leaf 
and Cane Weights of G r a p e ~ ~ l g ~ ~  

Leaves caner 
HzS. Fr wt. Dry Wt. Fr Wt. m Wt. 

ppb Q Q 9 0 

0 2656a 78.6a 267 2 a  1238a 
30 3756b 97.0a 251.8a 1158ab 

100 2984b 806a  2196a 86.0bc 
300 2604a 57.0b 1520b 6 2 . 8 ~  

a Values followed by different letters are dlfferenl at the 5% level vested from May u n t i l  October. The r e s u l t s  showed 
t h a t  300 ppb H2S caused s i g n i f i c a n t l y  reduced 
y i e l d s  i n  a l l  c u t t i n g s  except  August 3 and Septem- 
ber  21,  whi le  100 ppb had no s t a t i s t i c a l  e f f e c t  on 
y ie ld .  The lowest l e v e l ,  30 ppb, s i g n i f i c a n t l y  
increased y i e l d s  i n  t h e  l a t e  summer, August 3 ,  
August 26, and September 21 ,  of 136, 118, and 
132%, r e s p e c t i v e l y ,  of t h e  a l f a l f a  grown i n  car- 
bon-f i l te red  a i r .  Thus, continuous fumigation 
wi th  H2S a t  3000 and 300 ppb caused f o l i a r  i n j u r y  

was reduced 
weight wi th  both 300 and 100 ppb. 
caused severe  f o l i a r  i n j u r y  and d e f o l i a t i o n  but 
w a s  no t  lethal. The s t i m u l a t i o n  i n  f r e s h  weight 
of leaves  wi th  lower l e v e l s  of H2S w a s  s i m i l a r  
t o  t h e  e f f e c t  observed wi th  f r e s h  weight of a l f -  
a l f a  i n  summer. 

300 PPb, and dry 
Thus, H2S 

and reduced growth. 
e f f e c t s  occurred,  and wi th  30 ppb a s i g n i f i c a n t  
growth s t imula t ion  during summer w a s  observed. 

A t  100 ppb n e i t h e r  of t h e s e  

E f f e c t s  on Grapes. The immediate e f f e c t  of 
t h e  3000 ppb l e v e l  on grapes was similar t o  t h a t  
seen on a l f a l f a  i n  1975. White t o  yellow l e s i o n s ,  
which later turned brown, appeared on leaves .  De- 
f o l i a t i o n  began t o  occur a f t e r  about 4 weeks a t  
t h e  h ighes t  l e v e l  and wi th in  severa l  more days 
almost a l l  leaves  were l o s t .  However, t h e  p l a n t s  
w e r e  n o t  k i l l e d  but  continued growth of canes and 
put  ou t  small c h l o r o t i c  leaves  u n t i l  t h e  exposure 
was terminated. The 300 ppb l e v e l  caused lesser 
but  similar, r e a d i l y  observable  in jury .  No f o l -  
iar  e f f e c t s  were seen a t  t h e  30 ppb l e v e l .  

Cane l e n g t h  w a s  reduced a t  t h e  h ighes t  H2S 
l e v e l  as compared t o  t h e  o t h e r  t reatments ,  bu t  
less dieback Qccurred a t  30 and 300 ppb H2S, 
Table 2.  

Table 2. Effects of Increasing Levels of HzS on Cane 
Length, Dead Length, and Dry Weight of Thompson 
Seedless Grapesa19T5 

Total 

HzS. Ienpth, IOnpth. % Wrt. SO4 In 
Total Ooad Total sulfur as 

Ppb =m em Ooad g Ieav... % 

o i252.9y 191.32 1 5 5 2  1 4 5 . 0 ~  078  
30 116O.Oy 212 4 z 18.7 z 143.1 x 1.26 

300 1090.1 y 572.1 x 53.3 x 72.5 y 3.33 
3000 673.5 z 422.2 y 63.1 y 38.0 z 4.50 

a Values followed by different letters are different at the 1 %+level 

E f f e c t s  on Ponderosa Pine.  L i t t l e  e f f e c t  of 
fumigation was observed f o r  4-6 weeks, but later 
a t  t h e  3000 ppb H2S l e v e l  a progress ive  t i p  burn 
was observed with d e f o l i a t i o n  a f t e r  1 0  weeks of 
exposure. N o  v i s i b l e  e f f e c t  was caused by 30 ppb. 

E f f e c t s  on Cal i forn ia  Buckeye. The buckeye 
proved q u i t e  r e s i s t a n t  t o  H ~ s .  A t  t h e  3000 ppb 
l e v e l ,  a bronzing of t h e  l e a v e s  occurred a f t e r  4 
weeks exposure and some d e f o l i a t i o n  occurred a t  
t h e  h ighes t  l e v e l  a f t e r  8 weeks. 

E f f e c t s  on Sugar Beets. Beets w e r e  grown, 
harvested,  and analyzed f o r  f r e s h  and dry weight 
of leaves ,  percent  t o t a l  s u l f u r ,  f r e s h  weight of 
r o o t s ,  and percent  sugar. Resul t s  wi th  ind iv idua l  
b e e t s  (Table 4) showed t h a t  30 ppb H2S st imulated 
f r e s h  weight of leaves  and r o o t s  41 and 51%, re- 
s p e c t i v e l y ,  but  300 ppb i n h i b i t e d  t h e s e  two re- 
sponses s i g n i f i c a n t l y  and a l s o  reduced sugar con- 
t e n t  i n  r o o t s .  Leaves had much more s u l f u r  per  
u n i t  weight than r o o t s .  

S t a t i s t i c a l  ana lyses  f o r  t h e  1976 crop of 
sugar b e e t s  (Table 4) showed t h e  l e a f  growth was 
s t imula ted  s i g n i f i c a n t l y  by both 30 and 100 ppb 
H2S. Root weight w a s  s i g n i f i c a n t l y  g r e a t e r  i n  100 
ppb H2S than i n  t h e  c o n t r o l  atmosphere but  w a s  
s t a t i s t i c a l l y  t h e  same i n  t h e  30 and 300 ppb H2S. 

E f f e c t s  on Let tuce.  Resul t s  w i t h  t h e  f i r s t  
l e t t u c e  crop (Table 5) showed a l a r g e  s t imula t ion  

522 



Table 4. Yield of Leaves, Roots, and Sugar Content of 
Sugar Beets Exposed to Increasing Levels of H2Sa 

Thompson e t  a l .  

lndlvldual beela. leaves 

H25. Fresh wl. ar d. % 
PPb 0 0 Sulfate 

0 149 6 bc 19 8 bc 0.66 
30 210 5 a 25.2 b 0.93 

100 200.8 ab 23.3 b 1.33 
300 127.6 c 1 5 2 c  1.88 

Indlvldual beets. roola 

0 Sugar Sulfalo 
Fresh wl. % % H29, 

ppb 
0 29 1.3 bc 1 9 3 a  0.05 

30 440 6 a 18.3 a 0.06 
100 370 7 ab 1 8 2 a  0.08 
300 2196c 15.8 b 0.12 

Total. 3 baels/pot 

H2S. Fresh wl, DV fro* wl. 
mb 0 0 0 

Leaves Roots, 

0 1242 0 c 126.2 c 643.4 bc 
30 2037.6 a 194 0 a 881.0 ab 

100 1874.8 ab 176.8 ab 1034.2 a 
300 1640 8 abc 137.0 bc 502 2 c 

a Values followed by different letters am different at the 5 %  level 

Table 9. Effects of Increasing Levels of H2S on Fresh 
Weight, Diameter, and Sulfur Content of Dark Green 
Boston Head Lettucea 

sulfur 
Dlam, .S 

Fresh 

0 an 6 0 4  

0 104 4 x 26.9 x 0.78 
30 167.7 y 29.9 y 0.82 

100 97.3 x 25.5 x 1.30 
300 34.7 z 19.9 z 1.77 

n2s. d, 
ppb 

* Values having different letters 8re different at the 1 % level. & o h  period 
3113176-51 10176 

i n  growth wi th  30 ppb H2S, but  reduced growth a t  
t h e  h ighes t  l e v e l .  Dried samples of t h e  l e t t u c e  
were analyzed f o r  t o t a l  s u l f u r  and show that addi-  
t i o n a l  s u l f u r  accumulated i n  leaves  i n  d i r e c t  
r e l a t i o n s h i p  t o  the  H2S i n  t h e  atmosphere. 
Limited organolept ic  tests of f l a v o r  of l e t t u c e  
from c o n t r o l  and fumigated t reatments  showed no 
d i f fe rences .  
t o  show t h e  growth s t imula t ion  wi th  30 ppb H2S 
but  a t h i r d  t r i a l  i n  f a l l  gave a s t imula t ion  but  
t h e  amount w a s  less. 

A second trial during summer f a i l e d  

E f f e c t s  on Douglas F i r .  Color of t h e  Douglas 
f i r  f o l i a g e  was not  a f f e c t e d  by 30 ppb H2S. 
needles  remained b r i g h t  green with no " t i p  burn." 
A - s l i g h t  burn w a s  observed wi th  100 ppb H2S but  
300 ppb caused very ex tens ive  f o l i a r  in jury .  
spec ies  showed o v e r t  i n j u r y  t o  t h e  p o l l u t a n t  more 
c l e a r l y  than a l l  o t h e r  p l a n t s  t e s t e d .  
measurements showed t h a t  300 ppb H2S caused reduc- 
t i o n  i n  growth and dry  weight bu t  a t  100 ppb t h e s e  
e f f e c t s  were i n s i g n i f i c a n t .  

A l l  

This  

Growth 

When 50 ppm C02 was added t o  300 ppb H2S i n  
t h e  t h i r d  series of cont inuous fumigations, t h e  
C02 overcame some of t h e  growth reduct ion  caused 
by t h e  H2S i n  one crop of head l e t t u c e  but n o t  i n  
another .  S imi la r  r e s u l t s  were shown with sugar 
beets .  Comparisons of t h e  growth reducing e f f e c t s  
of 300 ppb of H2S v s  SO2 on l e t t u c e  and sugar 

b e e t s  showed g r e a t e r  e f f e c t s  of H2S than S02. 
However, a weather f r o n t  with high humidity, 
i .e.,  80%, i n  t h e  greenhouse caused ex tens ive  
f o l i a r  i n j u r y  t o  sugar bee ts  wi th  SO2 but none 
wi th  H2S. 

B. SIMULATED FIELD LEVEL FUMIGATIONS. 

To f i n d  out  whether t h e  a c t u a l  amounts of 
H2S t h a t  occur a t  The Geysers are causing i n j u r y  
t o  crop p l a n t s ,  pot ted v ines  of 'Cabernet 
Sauvignon' and 'White Ries l ing '  grapes ( V i t i s  
v i n i f e r a  L.) and pot ted  'Bartlett '  pear  (Pyrus 
communis L.) and 'Hart ley '  English walnut trees 
(Juglans r e g i a  L.)  were grown i n  greenhouses f o r  
2 seasons and fumigated with ambient l e v e l s  of 
H2S, t r e b l e  ambient H2S, and amounts of SO2 
equiva len t  t o  t h e  t r e b l e  l e v e l s  of H2S. 

Procedure 

One-year-old rooted c u t t i n g s  of 'White Ries- 
l i n g '  and 'Cabernet Sauvignon' grapevines, 1-year- 
o l d  'Hart ley '  Engl ish walnuts on black walnut 
roots tocks ,  and 1-year-old 'Bartlett '  pear  trees 
g r a f t e d  on Pyrus b e t u l a f o l i a  roots tocks  were 
grown i n  pots .  

Eight s e p a r a t e  greenhouses equipped w i t h  a i r  
condi t ion ing ,  gas  dispensing l i n e s ,  a i r  sampling 
l i n e s ,  wet-dry bulb thermocouples, and i r r i g a t i o n  
systems w e r e  divided i n t o  4 groups of 2 each. 
Group 1 received carbon-f i l te red  a i r ;  group 2, 
carbon-f i l te red  a i r  p l u s  simulated H2S concentra- 
t i o n s  which occur near  The Geysers a t  "Anderson 
Ridge," t h e  l o c a t i o n  which r e c e i v e s  t h e  h ighes t  
measured l e v e l s  of ambient H2S as recorded by SRI  
I n t e r n a t i o n a l ;  group 3, carbon-f i l te red  a i r  p lus  
3 times t h e  Anderson Ridge l e v e l s ;  and group 4, 
carbon-f i l te red  a i r  p l u s  amounts of SO2 equiva- 
l e n t  t o  t h e  H2S i n  group 3. 

The p o l l u t a n t  l e v e l s  w e r e  programmed on an 
hourly b a s i s  l n t o  a dispensing system; i .e.,  t h e  
same l e v e l s  which occurred each calendar  day i n  
1977 and 1978 were given t o  t h e  tes t  p l a n t s  i n  
1979 and 1980, respec t ive ly .  

The s imulat ion of t h e s e  f i e l d  dosages of H2S 
and SO2 were metered i n t o  t h e  var ious  houses f o r  
1 hr  a t  a time, g iv ing  a c l o s e  approximation t o  
t h e  recorded f i e l d  l e v e l s .  The t r e b l e  H2S and 
equal  l e v e l s  of SO2 showed a similar degree of 
agreement wi th  t h e  pro jec ted  l e v e l s .  
v i n e s  of each of t h e  2 c u l t i v a r s  (10 t o t a l ) ,  5 
pear  trees, and 5 walnut trees i n  1979 (4 i n  1980) 
were placed i n  each greenhouse. 

F ive  grape- 

The p l a n t s  were grown f o r  two seasons. For 
over 90% of t h e  simulated ambient exposure t i m e ,  
t h e  p l a n t s  received 20 ppb o r  less of H2S and 
only  r a r e l y  exceeded 20 ppb. The t r e b l e  H2S and 
corresponding SO2 fumigations were propor t iona l ly  
g r e a t e r .  

Growth parameters for grapes i n  1979 included 
l i n e a r  growth, a l l  shoots  10 c m  o r  g r e a t e r ;  t h e  
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weight of prunings removed p r i o r  t o  1980, t o t a l  Ac know1 edgmen t 
dry weight of l eaves ,  number of f lowers ,  and per- 
cen t  s o l u b l e  s o l i d s  i n  b e r r i e s  as determined by Tables 1, 2 ,  3, 4 and 5 r ep r in t ed  with per- 
hand refractometer .  The same measurements were mission of ENVIRONMENTAL SCIENCE AND TECHNOLOGY 
made i n  1980 p l u s  f r e s h  weight of b e r r i e s  and 12, 550-553, Copyright of t h e  American Chemical 
t o t a l  dry weight of t h e  e n t i r e  v ine  including t h e  Society 1978. 
r o o t  b a l l .  

Measurements on pear and walnut trees in- 
cluded t o t a l  l e n g t h  of shoot growth pe r  tree, 
number of shoots ,  dry weight of l eaves ,  t o t a l  
growth as determined by dry weight prunings,  and 
i n  1980 t h e  number of flower c l u s t e r s  (pears  only) 
and dry weight of roo t s .  

No v i s i b l e  symptoms of i n j u r y  occurred on 
f o l i a g e  o r  o t h e r  p l a n t  p a r t s  which could be 
a t t r i b u t e d  t o  t reatment .  None of t h e  parameters 
measured on t h e  3 f r u i t  spec ie s  showed any s t a t i s -  
t i c a l l y  s i g n i f i c a n t  e f f e c t s  caused by t h e  H2S or 
SO2 fumigations over t h e  con t ro l s .  

These s t u d i e s  show that fumigation i n  green- 
houses f o r  2 growing seasons of 2 c u l t i v a r s  of 
grapes,  and 1 c u l t i v a r  each of pea r s  and walnuts,  
which are grown widely nea r  The Geysers, are un- 
a f f e c t e d  by t h e  highest  ambient l e v e l s  of H2S 
t h a t  occur i n  t h e  a rea ,  and a l s o  t r e b l e  these  
l e v e l s  or amounts of SO2 equal t o  t h e  th ree fo ld  
l e v e l s .  
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