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LITHIUM 
in California’s Water Resources 

Of 400 samples representative of water resources in California, 25% were found to 
contain toxic levels of lithium, capable of adversely affecting the growth of citrus and 
other crops. Water samples with a high lithium content were usually associated with 
low magnesium andlor a high sodium percentage. Because of the natural Occurrences 
of toxic levels of lithium in irrigation water, as well as possible contamination from 
industrial uses of lithium compounds, agencies responsible for maintaining water quality 
standards should also include analysis for lithium along with their routine sampling. 

HE TOXIC EFFECT of small concen- 
trations of lithium on the growth of 

citrus had been previously demonstrated 
in greenhouse and field experiments. Cur- 

* . {  I rent studies are showing that other plant 
species such as avocados and red kidney 
beans are equally sensitive while still 
other species absorb large amounts of 
lithium without any apparent toxic effect. 
Experimental work has also shown that 
lithium compounds are toxic to animals. 
However, reports on animal health as 
affected by feeds grown on soils or irri- 
gated with water having a high lithium 
content, could not be found in the scien- 
tific literature. 
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Lithium toxicity to citrus has been 
reported from the use of irrigation water 
containing 0.05 to 0.10 parts per million 
of lithium. This possibility of excess con- 
centrations of lithium in irrigation water 
led to a survey of agricultural waters in 
California. The California State Depart- 
ment of Water Resources supplied most 
of the 400 well water samples and a few 
surface water samples. The remaining 
samples were collected by the author and 
representatives of the United States Geo- 
logical Survey. Since there are several 
thousand wells scattered throughout the 
State, the 400 samples were selected to 
represent most of the principal drainage 
basins and agricultural areas of Califor- 
nia rather than all the wells. The samples 
were analyzed by first separating and 
concentrating lithium with synthetic ion- 
exchange resin columns and then deter- 
mining lithium on a flame photometer. 

The map shows the lithium content of 
water samples from different locations in 
the State. Concentrations ranged from 
< 0.05 ppm to > 0.50 ppm. Approxi- 
mately 75 per cent of the samples con- 
tained less than 0.05 ppm lithium, and 
would not be significant as a source of 
lithium toxic to sensitive plants-except 
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perhaps under conditions allowing the 
accumulation of lithium and other salts 
in the root zone. Approximately 11 per 
cent of the samples contained from 0.05 
to 0.10 pprn lithium, and on the basis of 
limited field observations may be ex- 
pected to exert a toxic effect on the 
growth of citrus and other lithium-sensi- 
tive plants. From 0.10 to 0.20 pprn lith- 
ium was found in approximately 8.5% of 
the samples and from 0.20 to 0.50 pprn in 
376 and over 0.5 pprn in 2.5% of the 
samples. 

Samples containing more than 0.05 
pprn lithium are listed in the table with 
detailed locations and lithium content. 
Areas on the map where the lithium con- 
tent from several wells is abnormally 
high (greater than 0.10 ppm) include: 
the Otay area south of San Diego, the 
Jucumba area near the Mexican border, 
the coastal area north of San Diego, the 
Ventura and Santa Barbara area and 
northward along the coast toward Santa 
Maria, the Mendota area west of Fresno, 
the Gloster area south of Mojave, the 
Tuolomne Meadows area of Yosemite, 
the Chuckwalla Valley or Desert Center 
area, the Death Valley area and north- 
west to the Mono Lake area, and other 
areas represented by fewer sampling sites. 

Graphs A, B, C and D show the rela- 
tionship between the lithium content of 
the water samples and four other constit- 
uents commonly determined in a water 
analysis-magnesium, total cations, po- 
tassium and sodium. High lithium tends 
to be associated with low magnesium, 
according to graph A. Graph B shows 
that about 20 per cent of the samples 
contained lithium in excess of 0.05 pprn 
--even though they would have been con- 
sidered as acceptable irrigation waters 
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SITE LOCATIONS OF SAMPLES HAVING A LITHIUM CONTENT OF 0.05 PPM OR GREATER 

COUNTY LOCATION LITHIUM 
Ranqe/Townshio-Section oum 

Fresna 

Imperial 
lnyo 

Kern 

Lake 

Lor Angeles 

Mono 

Orange 

Placer 

Riverside 

1&/13E-l2H . . . . . . . . . . 
14S/14E-llN . . . . . . . . . . 
15S/17E-l0R . . . . . . . . . .  
16S/ 1 5 E 4 N  . . . . . . . . . . . 
16S/ 16E-9N . . . . . . . . . . . 
95 / 1 7 E 4 J  . . . . . . . . . . . 

15S/44E46K . . . . . . . . . . 
27N/4E-25E 
2 6 N / 5 E 4 L  . . . . . . . . . . . 
25N/6E-l8D 
25N/JE-l4M 
27N/4E-278 
27N/4E-268 . . . . . . . . . . 
6S /33E4  (Owens River) 

2 1 S/43E-25C . . . . . . . . . . 
25S/19E-7P . . . 
1 1N/8W-30F . . 
11 N /8W-2N . . . . . . . . . . 
27S/40E-l5L . . . . . . . . . .  
lON/llW-BE . . . . 
13N/9W-l6D . . . 
15N/9W4F . . . . . . . . . . . 
Santa Clara River . . . . . . . 

1N/26E-5 Mono Lake.. 
35/29E-31 Hot Springs, 

Long Valley 

2S/15W-22E 

55/11W-20G 
Oil Well Brine 

12N /6E-9C . . . . . . . . . . . 
13N /6E-33C . . . . . . . . . . 
8S/9E4D . . . . . . 
35/3E-33 ............ 
5S/15E-l3F .......... 
65/21 E-36R 
3S/18E-llA 
4S/16E-29R 
4S/ 16E30D 
45/ 16E42M 
4S/17EdC . . . . . . . . . . . 
5S/15E-l2N . 
5S/15E-l2R . . . . . . . . . . 
5S/15E-138 .......... 
5S/15E-l3F .......... 
5S/15E-22R .......... 
5S/ 15E-278 

. . . . . . . . . 

. . . . 
Salton Sea Wat 

5S/16E-58 ........... 
55 /16EdN . . . . . . . . . . . 
5S/16E-7N . . . . 
5S/16E4G . . . . 

0.05 
0.26 
0.05 
0.16 
0.09 
0.07 
1.60 
0.19 
0.18 
0.08 
0.14 
0.16 
0.16 
0.14 
0.09 
0.10 
0.08 
0.06 
0.17 
0.13 
0.06 
0.05 
0.05 
0.18 

10.50 

2.25 
0.34 
0.16 

3.00 
0.29 
0.12 
0.06 
0.07 
0.23 
0.17 
1.10 
0.09 
0.07 
0.10 
0.20 
0.12 
0.09 
0.22 
0.15 
0.43 
0.45 
0.05 
2.60 
0.06 
0.09 
0.09 
0.10 
0.16 

COUNTY LOCATION LITHIUM 
Range/Tawnship-Section ppm 

Riverside 551 16E-22N . . . . . . . . . . 0.40 
0.12 5s / 17E-33N . . . . . . . . . . 

Son Bernardina 

Son Diego 

Son Joaquin 

Son Luis Obirpo 

Santa Barbara 

Solano 
Stanislaus 

Tuolumne 

7S/18E--llN .......... 
7S/lBE--llR .......... 
7S/20E4R . . . . . . . . . . . 
7S/19E4R ........... 
5SlZOE-16M . . . . . . . . . . 

15%N/ 15E-211 . . . . . . . . 
15'/~N/15E-Z3P 

Oil Well Brine 
llN/SE-l5G .. 
8 N / 4 E 4 C  .. 

10N/6W-5E ........... 
11 N/5E-l6J . . . . . . . . . . . 
14N /9E-368 . . . . . . . . . . . 
1 1 S/SE-lJG . . . . . . . . . . . 

1N/6E45C . . . . . . . . . . 
1N/7E-35D . . . . . . . . . . 

19S/2W-5Q . . . . . . . . . . . 
18S/2W-32H . .. 
18S/ZW--35L . .. 
1&/4W-l2H . .. 
16S/3W-22G . . . . . . . . . . 
17S/2W-27P . . . . . . . . . . 

12S/2W-20K .......... 
lZS/BE-lON . 
18S/lW--34N . . . . . . . . . . 
185/1 W A F  . . . . . . . . . . 
3S/SE-Z4F ........... 
2S/4E46P . . . . . , . . . . . 
3OS/ 18E-1 D . . . . . . . . . . . 
1 lN/26W-ZG . . . . . . . . . 
4 N / 3 4 W 4 N  . . . . . . . . . 
5N/32W33H . . . . . . . . . 
5N/32W45F . . . . . . . . . 
4N/29W-l0J . . . . . . . . . 
SN/33W420  . . . . . . . . . 
4N/27W--Arroyo Burro 
7N/33W-20K . . . . . . . . 
8N/34W-l7K . . . . . . . . . 
5 N / 2 W 4 P  . . . . . . . . . . 
5 S / 7 E 3 K  . . . . . . . . . . . 
4S/7E-l7K . . . . . . . . . . . 
1 S / 4 E 4  

Lambert Soda Spring 

0.50 
0.37 
0.17 
0.75 
0.31 
0.16 
0.09 
0.18 
0.11 
0.09 
0.15 

0.54 
0.07 
0.06 
0.11 
0.06 
0.32 
0.08 
0.09 
0.10 
0.10 
0.06 
0.09 
0.23 
0.20 
0.06 
0.12 
0.10 
0.07 
0.06 
0.09 
0.22 
0.13 
0.19 
0.06 
0.06 
0.17 
0.10 
0.42 
0.11 
0.16 
0.06. 
0.07 
3.46 
0.06 
1.94 
0.05 
0.08 
0.08 

0.76 

RELATIONSHIP OF LITHIUM CONTENT 
SAMPLES AND POTASSIUM 

20 I. . 

= I 2  " . 

t. . C  . .  
tr. : ' 

4 :::..: ., 
2 ki:;,;.:.' ,.. , , .. . . . . . . . , . . 

.*.. '.. 

OF WATER 

C 

f . . . . . . . .  
0 01 02 03 0 4  0 5  06 0 7  08 

p v m  L I T H I U M  

RELATIONSHIP OF LITHIUM CONTENT OF WATER 
SAMPLES AND SODIUM 

D 
I o 0 1  0 2  03 04  0 5  06 07 o e  

p p m  L I T H I U M  

C A L I F O R N I A  A G R I C U L T U R E ,  M A Y ,  1 9 6 3  7 



Severe lithium toxicity pattern on field-grown citrus leaves from Chuckwalla Valley (Desert Center 
area), with lithium accumulation of about 40 ppm on a dry-weight basis from irrigation water 
containing 0.12 ppm lithium. 

from the standpoint of total salt concen- 
tration (< 22 ME/L), as reported by 
the U. S. Salinity Laboratoryat Riverside. 
Graph C shows no relationship between 
lithium and potassium hut low lithium is 
associated with a low sodium percentage 
in graph D. About 10% of the samples 
with a satisfactory sodium level (< 60%1 
Na) for irrigation of citrus, contained 
potentially undesirab!e levels of lithium 
for citrus growth. 

Since there are few wells in the Im- 
perial Valley south of the Salton Sea. 
four samples of leachate from drain tiles 
installed in an Imperial Valley citrus 
orchard were analyzed for lithium. They 
contained about 0.3 ppm lithium. This 
represents a concentration 10 times the 
lithium content of Colorado River water 
which was used for irrigation.Thesodium 
and chloride ion also increased 10 times, 
suggesting that the lithium ion remains 
in solution under these conditions and is 
concentrated by water loss through evap- 
oration and transpiration. The citrus 
growing under these conditions adsorbed 
deleterious amounts of lithium. This par- 
ticular occurrence of lithium toxicity 
illustrates a problem resulting from the 
use of a large quantity of irrigation water 
having a relatively low lithium content 
(0.03 ppm), but involving a heavy soil 
with impeded drainage. 

Although the lithium content of the 
Colorado River water is low by compari- 
son with many of the well waters sampled 

in this study, it is about 10 times greater 
than the lithium content of the water 
analyzed from 15 major rivers in the 
United States and Canada by the U. S. 
Geological Survey. Because there is con- 
siderable variation in lithium content of 
well waters from adjacent areas such as 
the Coachella and Chuckwalla valleys, it 
is conceivable that a major portion of the 
lithium content of certain river water? 
may originate from a few limited num- 
bers of tributaries or springs. 

As agriculture, industry, and popula. 
tion expand into the arid and semiarid 
areas of the world there is increased 
demand on all available water supplies 
The increasing use of lithium compound: 
in industry and defense activities is a PO 

tential source of artificial contaminatior 
of water supplies in addition to the nat 
ural contamination occurring througk 
underground geological processes. ThiE 
report emphasizes the need for routint 
analysis of water samples for lithium b j  
agencies responsible for maintaining 
water quality standards. 

Cordon R .  Bradford is Associate Spe 
cialist with the Department of Soils anci 
Plant Nutrition, Citrus Research Center 
University of California, Riverside. Davici 
L. Shatto, Assistant Public Health Chem 
ist with the State Department of Watei 
Resources Laboratory at Riverside, madc 
available analytical data, maps, etc. 
which assisted in the preparation of thi. 
report. 

SUGAR IN 
Limited by High Temp 
and High Levels of Soi 
in Kern County Tests 

G .  V. FERRY * F. J.  HILI 

Rapid root growth, stimulated by a plenti- 
ful supply of soil nitrogen and high sum- 
mer temperatures, held the sugar content 
of beet roots down to 15% or lower 
during July and August in a 1961 field 
experiment in Kern County. Enough ferti- 
lizer nitrogen should be applied to pro- 
mote early top growth and prevent any 
deficiency before mid-May. However, a 
nitrogen deficiency period of from eight 
to ten weeks before harvest is essential for 
maximum sugar production from the roots. 

UGAR BEET crops in the lower San S Joaquin Valley usually produce ex- 
cellent root yields but with low sucrose 
concentrations. High temperatures ex- 
perienced in this area during the sum- 
mer months are not conducive to sugar 
accumulation in beet roots. Research has 
shown that a period of nitrogen defi- 
ciency prior to harvest is very effective 
in raising the sugar content of roots. 

A field experiment was conducted on 
the N. L. Ritchey farm in Kern County 
to determine the duration of the nitrogen 
deficiency period before hanest  for max- 
imum sugar production in this area. 
Sugar beets were planted in early Janu- 
ary, 1961. in Hesperia fine sandy loam. 
Three rates of nitrogen (80, 160 and 320 
lbs/acre) and a control plot were com- 
pared in four replications. Each plot was 
large enough to permit harvesting sub- 
plots of two 50-foot-long rows at each of 
five harvest dates. Petiole samples were 
collected from the plots at regular inter- 
vals throughout the season. 
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