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Adule Bluegills exposed up (o four weeks in water con-
iatuing 0.25 mg/1 of lactonitrile did not pick up any or-
gauniepiie proporlics that eould be deleeted by a taste
paunel {2033).

o
Jal

LW AINURL Ta
(see also Chapter VIII—TRadicactivity)

This rave-cacth metal oecurs in natuve chiefly as the
oxide In several minerals, frequently associated with
corinun. Tt is used as a weighting agent for silk and
rayvon, in the nanafacture of glass and ceramies, and in
“fint?’ lighters (364, 2121). The chloride, hydroxide,
and nitrate salts are highly soluble in water; but the
carbonate, oudo, and sulfate ave insoluble Hom’o lan-
thanum ions in waste waters ave likely to be pree 1p11'11ed
and removed by scdimentation or adlsor )tmu, as car-
bonates or sulfales.

Lanthanwmn is not recognized as a toxic element for
man or animals, The LDz, values for rats, in terms of
lanthanum were reported (3326, 3527) as 4440 mg/kg
for lanthanum acctate, 1450 mg/kg for the mtr ate, 2450
meske for ihe snlfa.{c, and over 8560 mg/kg for the
()T\ld(’-.

Using water from the River Havel from which the
test ovganising were reeovered, RBringmann and Kuhn
(2158, 5343) studied the threshold effects of lanthanum
:mcmm on four ovganisms. For Daphnin exposed for 48
howrs at 23°C, the median threshold effeet ocevrved at
160 g/, exprossed as lanthanwo. For Scenedesmas

expored for 4 days at 24°C, the median limit was only
0.15 ma/1 of lanthanum; for F. coli at 27°C it was
0.t mz/1, asd for a protozoan {(Microreyma) it was 24
mg/1

DETHYY, BEMEAYL ARBIONIOM
S
)]mp’ror X)
LEAD Pb

1. General.
tion, as much as 0.4-0.8 mz /1, where monntain Himestone

Some natural waters contain lead in solu-

and galena are foond. In the U.8. A, lead concentralions
in snrface and ground waters need for domestic supplies

auae from traces to 0.04 ma/1 averaging about €.01
mesl (3528). Tead may also he m-xnduced into water
as a couslitnent of vavions indnstrial and mining efflu-
ents, or as a vesuit of the action of lh“ water on lead
in pipes.

Tn the exawmination of waters for wvarious bencficial
nses, their actionn ou lead may be of great hmportance
and shonld always be eonsideved sinec lead is frequently
r=ed fov
chambers, The factors that determiine the actinn of
pliniho-solvent waters are complex and not yet fnlly
nnderstood, Practieally o'l waters have a slight activin

n new lead mpt- sithonigh in most ecases 16 1s only
transient and uwm. it to be havintul, Normally the
m{'nndl lend sretaces muiekly .qur'* a protective eoat-
ing, after whieh no fuether Tead i3 dissolved by the water.
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sorvice and domestie pipes and watev-storage
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With covtain types of water, howevar, no such protee-
tive covering Is developed, opr its formalion may be so
slow that the solution of lead can go on for a long time.
The chavacteristics of waler, soft or hinvd, that appear
to be condreive to plumbo-solveney include comparative
abgence of ealeinmy and mragnesium bicarbonates, low pli,
high dissolved oxygen, and high nitvate content (36,
1199, 1226).

The following material wus gathered from rveferences
in which the effects of lead were given withont details
of the entire compound if any. Where speeifie Jead salts
were mentioned, the data were lsted under the appro-
priate salt. Certain lead salts, such as {he acetate and
chloride, arve veadily solubte, hut owing to the fact that
the eavbonate and hydroxide ave insoluble aud the gul-
fate is only gp‘u'mwly solible, Jead will not remain long
in natural veaters.

2. Cross References. Dissolved Oxyeen, pH, lLead
Aeztate, Tiead Arvsenate, Iicad Chlovide, Tiead Fleoride,
Lead Nitrate, Lead Sulfate, Tetracthyl ead.

3. Iiffeets Upon Beneficial Uses.

a. Domestic Waler Supplies. Toreizn to the human
body lead is a commlative poison. Tt tends to be deposited
in bone as a cumnlative poison. The intake that ean be
regarded as sefe for everyone eannot be stated definitely,
because the sensitivity of individuals to lead diffevs con-
stderably. Typical symptows of advanerd lead poisoning
are eonstipation, loss of appetite, anemia, abdominal
pain, and tenderness, pain, and eradnal varalysis in the
museles, espeeialdly of the arwes A wilder and often un-
dinguoscd form of lead poisoning aleo cccurs in whieh
the only symptoms may be lethargy, movezeness, consti-
pation, fia ’m’vnve, and oceasional shdominal pains (36).
Tiead ])()i‘somnff usually rvesults frov the enmnlative foxic
cfieets of lead alter contintovrs zonsmmption over a long
period of time, rather than from ocessional small doses.
Tmmunity to Lnfl caunch be acqgnived, bat sensilivity teo
lend scems to increase (1991) Teadd is not among the
metals considered essential fo the nutvition of animals
or human beings (2121).

Tead may enter the body through food, air, and to-
baceo smoke as well as from water and other bev oerages.
Consequently, the total intake of lead wmust he eensidered
in setting standavds for watcer, The exact level ot which
the intake of lead by the hioman b‘r'!y will exeeed the
amount exercied has not heen establizshed, bat it probably
lies between 0.3 and 1.0 g per day (I"’) The mean
daily intake of lead by adulis in Novth SAmevica is about
.83 me. OFf this quantity, 0.01 to 0.03 g ]101' day eve
deorived From water used Tor cooking and Cemmking (3585,
A009Y. A total intake of lead o elablyv in exeoss of 0.6
me per day may result in the accnmmlation of a danger-
s nuantity of lead duving alifetime. Gead in an amount
0'1 0.1 mg ingested daily over a period of vears has been

eported to eavse lead poisoning (1228, 1229). The daily
111;?0:d.mn of 0.2 wmz lenrd is comsidered oxeessive hy one
authaority (1230). On the other hand one reference eomn-
sidered 0.5 myz per day eafe Tor human beings, and
daily dege of 2.0 myg for a one-year perviod apparvently
dicd not alfect the health of one adnlt (353).

Tread poisening among human heings {3 reported to
have been cansed by the drinking of water containing
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lead in conecentrations vavying from 0.042 mga/l to 1.0
g/l or more (27, 29, 32, 86, 630, 997, 1231, 1232, 1233,
TEng, 1285, 1256, 1237, 1288, 1239, 1240, 1241, 1242, 1243,
240, 1245, 2826, 8530, 3581). Ou the other hand, con-
centrations of 0.01 to 0.16 g/l bave been appavently
non-poisonous over long periods of time (1077, 1201,
3332). Ifowever, there is a feeling that 0.1 mg/1 may
eause chivonic poisoning if the water is used continuously,
eapecially among hypersensitive persows (29).

For many years, the mandatory limit for lead in the
CSPUS Drinking Water Standards was 0.1 mg/l; but
in the 1962 Standards, the limit for lead was lowered
tn (.03 mg/l In the WO International Standard and
WO Furopean Standards (see Chapter V) the limit
Lor Tead has been set ot 0.1 myg /1 In the past, the Nether-
lands and Gerwany have permitted a temporary lead
eoncentration up to 0.3 mg/l in water that had been in
pipes for 24 hours (997, 1229, 3530). Uruguay, on the
other hand, has used a standard as low as 0.02 mg/l
(1457). Several countries use 0.1 mg/l as a standard.

Owing to the fact that the total intake of lead from
food, inbhaled almospheve, and tobacco smoke in indus-
trial uvban avcas appears to be inereasing, with little
chance of regnlation and dhninution, and inasmuch as
the eoncentration of lead in drinking water can be con-
trollad without undune hardship on water purveyors, the
USPIHS Drinking Water Standard for lead was low-
ered to 0.05 mg/l in 1962 (2062, 2672). 1t is significant,
however, to note that the U.S. Government has also estab-
lishad o tolerance of lead in food at 7 mg/ke, more than
100 times the Hait for drinking water (3533).

L. Industrial Water Supplies. Traces of lead in
metal-plating baths will affect the smoothness and bright-
wss of deposits (214).

e. Irrigation. Inovganic lead salts in irrigation wa-
ter may be toxic to plants and should be investigated
turther (269, 1014). Klintworth (1493) stated that lead
is harmful to plants &t all concentrations. On the other
haud, the addition of 2.0 mg of Iead per kg of dry soil
in pot tests inercased the nitvogen content of peas
{2926). In the culture of oats and potatoes, lead nitrate
in concentrations of 1.5 to 25 mg/t had a stimulating
effect, but at concentrations over 50 mg/1 all plants died
in a week’s time (2997). Sec also lead salts.

Yead at a concentration of 51.8 mg/l of nutrient solu-
tion was slightly injuvious to sugar beets grown in sand
culture (1473). Glermination of eress and nustard sceds
in solution culiure was completely inhibited by a 2760
mga/l lead solution, during aun exposure period of 13
days. Germination was delayed und growth was retarded
by 845-1880 mg/1 of lead (1479).

a. Stoek aud Wildlife Watering, Farm auimals are
poizoned by lead from various sources, including paint,
more frequently than by any other metallic poison
(1247). Tt is not unusual for ealtle to be poisoned hy
lead in the water; the lead need not necessarily be in
solution, but may he in suspension, as, for example,
axyemrhbonate (36). Chronie lead poisoning among ani-
mals has been eaused by (.18 mg/1 of lead in soft water
(1232) 5 and by concentrations under 2.4 meg/l (1238).
(Mirouie changes in the econtral nevvons system of white
vats were observed after an ingestion of 0.005 mg of lead
per kg of body weight (3534). Most antharitios agree
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that 0.5 mg/1 of Iead Is the maximum safe limit for ead
in a potable supply for animals (1238).

Allervoft (1588) reported that calves wiven as much as
2,0 grams of Tead daily have survived for 2 to 3 years.
Calves have folerated daily doses of 8 mg and 6 mg of
leadd per kg of body weight for, respectively, mauy
months and up to three years. Doses of 0.2-0.4 grams of
lead per kg body weight caused death within a few days
(1590). When a calf was given dvinking water contain-
ing lead nitratc at a concentration of 100 mg,1 of lead,
it survived for only four months. Tt was suggested that
nitrate was partly vesponsible for the death (1539).
reese have been reported to have contracted lead poison-
ing from the ingestion of mine tailings (3535).

¢. Fish and Other Aquatic Tife. 'The toxic concenlra-
tion of lead for aerobic bacteria is reported to be 1.0
mg/1; for flagellates and infusoria, 0.5 mg/l: The bae-
terial decomposition of organie matter is inhibited by
0.1 to 0.5 mg/1 of lead (576, 2077, 3324, 3534).

Carpenter and others have studied the effects of small
concentrations of heavy metals, particularly lead, upon
fish. Sach studies indicate that in water containing lead -
salts, a film of coagulated mucus forms, first over the
gills, and then over the whole body of the fish, probably
as a result of a reaction between lead amd an organic
eoustituent of mueus, The death of the fish is cansed by
snffocation dne to this obstructive layer (346, 991, 1248,
2411). In soft water, lead may be very toxic; in havd wa-
ter equivalent concentrations of lead are less toxic (311).
Caleinm iu a concentration of 50 mg/1 has destroyed the
toxie effcet of 1.0 mg/1 of lead (353).

Wilder found thatb lebsters dicd within 20 days when
kept in lead-lined tauks; however, in steeldired and
ather control tanks they survived for 60 days or loager
(1530). Small sticklebacks appeared to be slightly more
sensitive to lead than the Javger fish (1460).

The Water Pollution Research Board (74) in Kngland
conducted extonsive experiments to detevmine the elfeets
of lead salts on rainbow trout in havd and soft waters,
T water of the lowest hardness used, 14 mp/t as CaCOy,
all of the lead added as lead nitrate remained in solution
and produced a curvilinear relationshin of lead concen-
tration vs time of survival. A similar curve was obtained
for a water with a total hardness of 27 mg/l as (a(lUs,
atthough some precipitation of PbCO; occurred with
lead concentrations greater than 8.0 mg/l. In solutions
with a total havdness of 53 me/1 as (2CO, the maximum
concentration of lead vemaininge in solution was approxi-
mately 1.6 mg/l, and the median perviod of survival of
the trout cxeceded two days even at lead dosages in
exeess of 20 mg/l. Tt seems probable, thereforve, that
precipitated lead carbouate is ant effective as a lethal
agent, For Turihier evidence that iwsoluble lead is not.
highly toxie to fish, sce Lead Oxide.

A chart submitted by the Water Pollution Resecarch
Joard (74) indieates that the median period of survival
of rainbow trout in soft water containing dissolved lead,
at 18.5°C, was 18 to 24 hours at 1.6 mg,/1 and only 10 {o
12 hours at LD meg/l,

The Water Pollution Research Board has alvo shown
that the toxicity of lead toward yainbow tront incicases
with a veduetion of the dissolved-oxygen concentratinu
of the water (74, 88, 3321, 3322). The following table
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shows factors by which the thresliold coneenkration of
Tead must be wultiplied to determine eoncentrations of
cgual toxieity at lower dissolved-oxygen tensions:
Nissolved oxygen )
(preeent  of satuvation) 100 80 GO 410
actor 10 095 083 0.1

T'he following coneentrations of lead have been re-
ported loxic or lethal to fish in the time specified (see
alka the varvious lead salls):

Cornontration
of Tead, Type of Time of A
in med water exposure Species of fish Referenes
0.1 - - 353, 573, 1240
0.1 - - 1460, 2920, 2941
0.1-0.2 very soft . 1459
0.3 ol - 3319
0.21 .- - 2921
0.25 fresh . 588
0.33 - -
and stieklebaeks.__.|311,313, 333, 2020
0.34 1000-2000 mg/t | 48-hour Thim | Sticklebacks and coho 3536
of dlissolved wz2lnion
salids
0.1 distilled .] 26-48 hours Minnows. 1459
0.41 1000-3000 mg/! [ 24-hour Thm | Coho walwr 3538
of dissolved
solids
0.53 1000-3%00 ng,/l 24-hour TLin | Sticklebacks. .on. cuuo 3538
of dissolve
soli
0.75 - - 353
1.0 - long-term 3327
1.0 - 8.5 days 1444, 1460
1.4 soft; 13-34 hours o 74
1.4 tap 48-hour TLm { Dluegillsunfish 2003
2.0 ta 24-hour Thim | Bluegill sunfish 2003
2.48 solt 96-houtr Thim | Fathead minno 2154, 2125
2.7 distilled 4-16 howrs Mianows. 313
2.8 {resh e Tish, .. 531
4.0 soft; 10-12 hours Rainbow trout.. T4
4.0 .. - ish. .. cean 313
5.6 .} strenm water . Tront. . --f 313, 598, 609
5.5 distilled . Gobdfish..o_Coaiaee 313
6.3 tap 24 & J8-honr .
T Blnegill sunfish. 2093
10.0 - - Goldiish 1439, 2320
17 e . Gol:fish 1438
27 tap 16-183 days Cathish . 1459
40 - 80 hours Goldfish. . 1466
63 - 80 hours Coldfish. _ooiaenaaa 1406
B hard 95-hour Tl | Fathead minnows ... 2154, 2125

E == cxploratory fesi only

The fo]lowing'coneentrations of lead have not visibly
harmed fish within the time specified :

Concentration
of tead, Type of Time of .
in rog/l water exposure Species of fish Reference
0.62 -- 48 hours LTI S 1458
0.7 saft tap wates 3 weeks ‘\'H};m ws and Stickle- (450
1.0 very solt indcfisitely | | Gol fish = 1459
4.9 - - T ] Plaice egas. 1459

Toward the glant kelp, Hacrocystis pyrifera, North
and Clendenning (2107) found that lead was less toxie
than mevenry, copper, hexavalent chromium, zine, and
nickel, Lead nitrate produced no deleterious cffect on
the rate of photosynthesis of kelp in sea water duving a
four-day exposure at 4.1 mg/l of lead.

The Merscy and Severn River Boards in DIngland
have established ‘‘working standards’® for several
streams whereby the total concentration of all heavy

actals, including lead, cannot excced 1.0 mg/l

4. Summary. In view of the 1962 Drinking sztcr
Standards of the USPIIS, setting a mandatory DLwif
of 0.05 mg/1 on lead in water delivered to the cousumer,

and in light of the faet that lead concentrations as low
as 0.1 mg/1 bave been deleterious to fishlife, espezially in
soft waters, it is evident that the dissolved lead content
of surface waters should be resteieted to 0.1 mg/l where
these two hencfieial uses ave involved.

LEAD AQE:TZKTE b (G;;I‘I;;O_g)g‘31140

1. Cleneral. Xnown also as “‘sugar of Tead”, this frecly
sotuble lead salt is used in printing and dyciug opera-
tions, in the weighting of silk, and in the manufacture
of other lead salts.

2. Cross References. Acetate, Lead, and other lead
salts.

3. Effeets Upon Benefieial Uscs.

a. Jrrigation. When lead acclute was tested, 1000 to
10,000 mg/1 of lead severely stunted the growth of water
hyacinths in water eulture; and 1 to 100 mg/l retarded
growth (1525). In nutrient solution eoutaining lead ace-
tate, 1500 to 20,000 1:g/1 of lead inhibited the mermina-
tion of eress and mustard seeds; however, even after 18
days of exposure to lead, the seeds germinated when they -
were transferred to water eultures (1479).

b. Pish and Other Aquatic Life. Dawson (1459)
found evidence of injury to blcod cells of catfish exposed
for 16 to 183 days to a 50 mg/l solution of lead acetate’
(27 mg/1 of Tb) in tap waler, venewed at 48-hour inter-
vals. Minnows were killed in 26 to 48 hours hy 0.4 mg/1
of Iead in a solution of lead acetate in non-toxic distilled
water, rencwed at regular intervals during the observa-
tion period.

It has been wveported that lead acetate coneentrations
of 10 mg/1 in stream water killed trout (318, 598, 609).
In distilled water, 5.0 mg/l of lead acetate killed wain-
uows in 4 to 16 hours; aud 10 mg/] in distilled water re-

“newed every second day, killed goldfish in 12 days (313).

The Washington Department of Pisheries (2931) re-
ported that lead acetate at a coucentration of 2.8 my/l
of lead killed fish in fresh water; but Fujiya (3327)
maintained that long-term exposure of carp to a much
lower concentration of lead acetate (1.0 mg/l as Pb)
resulfed in a harmful cffeet to their serum.

LEAD ARSEVNATH PLHASO,

1. General. Lead arsenate sprays are used for insect
control on crop lauds, especinlly for the gypsy moth and
boll weevil; but it is believed that sueh use has not re-
sulted in the contamination of water supplies derived
from treated watershed arveas (152). Fortunately, lead
arsenate is highly insoluble in water. »

2. Cross Roferences. See Lead, Avsenie, othor avsenic
compounds.

3. Lffcets on Pencficial Uses.

a. Domestic Water Supplies. Tead arsenate is more
toxie to humang than lead earbouate. A total of 100 my
of lead arscnate ingested by two individuals over a
period of 10 days eaused no appavent harm (353).

b. Stock and Wildlife Wateving, In doses of 1.3 to
66.7 grams per day, lead avsenate killed 13 out of 51
chickeus, but the survivers showed no symptoms of poi-
soning. Drinking water containing about 4800 mg/l of
Tead arsenate caused no harm to 10 bivds after a 60-duy
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pevisd (1013). Toward male rats, the LDz value of lead
avseitate has been reported as 1050 mg/kg, The daily
eonsumption by one cow of 6.48 grams of leatl arsenate
for un unspeeified period was not harmful (1014),

¢, Fish and Other Aquatic Life. A conconivation of

25 mgzl of lead arsennte has killed troot within 24
hours (359), bul a coucentralion of 17.1 mg/1 in stabi-
lized tap water did not harm minnows during a one-hour
exposure(362).

LEAD QELORIDE
(zce also Chlorides, Liead and other lead salts)

This relatively soluble lead salt is used in the manu-
factuve of certain lead paints and as a solder and flux.
The following concentrations of Iead chloride have been
reported as deleterious toward aquatic life: -

PbCly

Conccntration
of Lead X
Chicride, Type of Tima of
mg/l wales exposuro Type of organism Relerence

0.01 ¢to 1.0 | wany kinds 10 days Dephnia nagra. . .. ... 593
0.33 oo - fresh-water Bsh.. . 598
0.58 Luke Erie - whitefish fry..__ 2055
1.25 Lake Erie - Daphnia magna. 2055
3.21 soly 96-he, Tlim Fathead rainno 2154, 2195
10.0 dustilled 24 bours Duaplaia magna. (54

> 1008 hord 96-he. Tlom Fathead minnow: 2154, 2125
128 Lake Erie — Cyelops sernalig. . ... 2468

% == cxploratory test only

Tt was also veported (654) that Daphaie magne with-
stead 10 mg/1 of lead chlpride for § hours, but suceumbed
in 24 hours.

LEAD OXIDE Pho

This insoluble white powder is used extensively in
paints, Wallen et al. (2940) tested ils toxicity toward
the mosquito fish {(Gamnbusic effints) in water having a
turbidity from soil suspension of 315 mg/l, a pH range
of 7.1 to 7.2, and a temperature range of 18 to 20°C.
ITe found that the 06-howy Ly was greater than 56,000
myg/1 and there was no significant decrease in turbidity
as a resuli of the addition of lead oxide. Apparvently
insoluble lead is not toxie to fish.

LHAD MITRATH -
(see also T.ead, Nitrates)

Used in the mannfacture of matehes and special explo-
sives, as o mordant in dyeing and printing of textiles,
as an oxydizer in the dye industry, aud in photography
and engraving, this lead salt is highly soluble in water
(364). :

Wor tadpoles in tap water, 1.6 mg/l of Iead nitrate is
deleterious to growth and 3.3 wmg/l is lethal (313). Tish
appeared to try to avoid, i.e., veact negatively, to solu-
tions of Tead nitrate varying in sirength from 0.33 fo
G:14 mgy/l, but reacted positively to a 6640 mg/? solution
after a temporary initial negative reaction (1046).

Westfall found that coneentration of dissolved oxygen
hag a significant offeet on the response of goldfish to lead
nitrate, for example, all the fish {ested survived a 2-hour
expasure to 5 g/l of lead nitrate in the presence of 6.2
mg/l of oxygen, but all the fish tested died within 2

Ph(NOs)2

hours in the presence of only 1.4 mg/1 of dissolved oxy-
gen (1459). )

In fresh water, 3 g/l lead nitrate has been fatal to
Fuandnles within 12 hours {L159). Using lead nitrate,
Jones found the lethal concentration iimit of lead for
sticklebacks to be C.1 mg/L At different coneentrations
of lead, the average survival times of the fish were as
follows: one day at 1.0 mg/l, two days at 0.7 mg/2, four
days at 0.3 mg/1, and one week at 0.2 mg/1 (1460). ow-
ever, goldfish died only after an 80-hour exposure to 63
mg/1 ok lead (1466). Minnows died within 48 hours when
exposed to 0.4 mg/l of lead in a solution of lead nitrate
in non-toxie distilled water (1459).

The following concentrations of lead nitrate have been
reported to have killed fish:

Consen- -
iration of
Lead Ni-

trate,in  Typeof Tinme of Type of
mg/l weter Iizposure mish Reference
0.18 tap _— stickleback 2920, 598
0.53 tap — miunows, sticklebacks,
and brown trout 2920
i0 natmwral 2.5 hours trout 313, 598
ig tap 2-{,:5111311 48-hir  bluegill sunfish 2093
. 1y
10 hard 4 days soldfish 353
16 tap — goldlish 2526
16.6 — 20 hours minnows 358
100 hard 80 hours goldfish 213
165 distilled ~. fish 313
240 highly .
turbid 96-Ir TLm mosquito-fish 2919
250 distilled 4-5 days soldfish 313
250 dstitled  2-2 hours minnows 313
830 — 3 hours minnows 991
3320 - 2.2 hours minnows a5t
$300 - 1.5 hours minnows 991
16G0D - 1.4 hours minnows . 901, 1248
44000 44 minutey IMinnows 1243
53000 40 minnutes minuows 1248

Ou the other band, 10 mg/l of lcad nitrate in hard water
has wnot harmed fish duarving a 96-hour cxpusure period
(313).

Bringmann and Kuhn (2158, 3343) tested the cffects
of lead nitrate in River Iavel water at pil 7.5 and a
temperature of 24°C against several orgonisms dwring
an exposure of 4 days. The threshold concentrations for
deleterious action were as follows:

Test Thyeshold Concentration
Organism in mg/l of Lead
Daphnic magne 5.0
Seenedesmus . 2.5
Hscherichia coli 13
HMieroreymu 1.25

Cleland (3328) found that lead nitrate i1 a concen-
tration of about 200 wg/l in sea water produced abnor-
malities in the eggs of sea urchins.

=11

LELD SULFATR

(see also Lead, Sulfatas)

Phs0,

Sparingly soluble in water, this salt 1s used as a paint
pigment, for weighting fabries, in lithoprapby, and in
galvanic batteries. Tu distilled water 25 mg/l of lead
sulfate killed moldfish n 4 davs and killed minnows in
2 to 8 hours (313). Jones (2920) rveports the lethal con-
cenfration for goldfish as 26 mg/l.

LEAD UETZAWIOVL b (CoFa)a
Tsed as an additive in motor fuels to prevent knocking

27

this lead compound wight ocewr in the efftucuts from ve-
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Anerics. 'i‘m‘nbu'll et al. (2093) condueted biD'\SS'\) 5 with
this substange i .Lhiladelphia tapwater, using bluegill
\lmhsnw({f/cpbmiS’macrochun.s) as the test fish. '111L)
found a'24%onr. Tl of 2.0 mg/1 as lead and a 48-hour

DLy of Liding/l They estimated the safe concenlration
al 0.20 nw/l i
LIGI@Aﬂ &Nr

(see Mcrcuro-Ur raitic Compounds)
LI}'TDLEIU)AUTD JATD LINTOLEATES

{see 1" 'ILLy ’\uds)
LISBAT GE‘ (J.‘«OLIVL!)}ii HOL BTRVYLENG

SXIDE CONDENSATE)

(scc U]h_lpt(’t‘ X)

(scc Cdlcmm Hydmmde)
LINDAWE . -

(see bl ‘yptcr [X———Ben?em, ITexachloride)
LITEIOM Li

(see also Tafhinn Chloride)

As ouc of ‘the alkali metals, related to sodium and
potassium, lithium is not widely distributed in natuve,
being found in a few minervals and in ecrtain spring
waters. Being very active, the metal does not ocour in
the elemental state and when purified as sueh it must be
protected from water cv oxygean. It is used in metallurey,
in medicinal waters, in some types of glass, and as lith-
inm hydroxide in stovage batteries. flibbard (250) rec-
ommends; without l‘c‘Emcncos that lithium in water for
drinking and cooking purposes should not exceed 5
mg/L

Lithiwn toxicity in citrus has been identified in Santa
Barbara County, California, In green-honse experiments,
2 und 5 mg/l of lithivem sulfate (in air-dried soil) caused
the appeavance of toxie symptoms in orange scedlings
within 6 months. In the field, 1, 2, and 4 mg/1 of lithium
ehloride in .the soil have cxuch symptoms of lithium
toxicity. : .

Vavious irrigation waters in the area were found to
contain 0.045-0.080 ‘'mg/1 of lithium. Possibly lithium
poironing has resulted from the aceumulation in ground
of toxie concentrations over a long period of thmne. Al-
drich (1591) and his collaborators are waking further
studies of the cffects of 0.05-0.1 mg/1 of lithinm in ir-
rigation water.

LELITTURM SARBONATNE Li,CO4
This light white alkaline powder, quite soluble in
waler, Is used in the prodnction of glazes on cevamie and
clectxu- 1l porcelain (36:4). It was 1'::1\01&0(1 in 1923 that
concentratious of 293-516 mg/l of lithinm carbonate xe-
taeded larval and pupal development ol Drasephila me-
lanogaster (1592},

LITIIIUM CHLORIDE
(see nlso Tithian)

A white deliquescent erystalline solid, Lithium chloride
is highly soluble in water. Tt is used in pyrotechnics and
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in the soldeving of alwmivum. Tt is also used n the manu-
acture of mineral waters aud it may he found in some
natural mineral springs (364).

In a conecenteation of 3750 m-»,al lithium ch]onde in
distilled water killed goldfish in 22 to 27 hours (313).
For wature small fresh-water fish, the lethal concentra-
tion in 24 hours of exposure was fonnd to be 2600 meg/l.
The data gathcered by Powers and by Twao indicate that
lithium thoude at coneentrations between 1930 and
3770 mg/1 can kill fresh-water fish in ahout one day,
or soouer ab warmer temperatwres (I439). In contrast
with these high eoncentrations vequired for lethal elfect,
one (fcrman puh]walwn (2077) veports that 100 mg/1
of LiCl is toxie but 33 mg/1 is harmless to fish.

The threshold concentration for immchilization of
Daplnie magne in Lake Tirie water was found to be less
than 7.2 mg/1 (598) but in River"Tlavel water at 23°C
the threshold of poisonous effeet was observed nt 16 mg/1
during 48 hours contact (2158). With the protozoan
Mmrorr*mua as the test organism, food intake was inhib-
ited at 66 mg/1 (3343), Toward Scenedesinus and Fsche-
richia coli, no toxieity was evident at coneentrations loss
than 1000 mg/l (2158). In order to evoke stimulation
and movement of the waler bectle, Laccophilus maculosis,
a LiCl concentration of 19,500 mg/1 was.vequired (2936),

It has been reported that Qitute couneentrations of LiCI
are deleterioux to the ezys of various aquatic organisms,
retavding their development and produeing wonstrositios
(1467). Km" demounstrated that concentrations of 848
mg/l were Inehly toxie to Hy lavvae, preventing emaerg-
ence of offspring and 'M'u«!-ng; n.u.\ol(q,mmu(_ of hath
Tarvae and pupae {(1592).

LITHIUM FLUGRIDE iR

This moderately soluble salt is used as a flux for solder-
ing and welding aluminmn and in the manulacture of
vitrcous enamels and glazes (36:4). The oral TD:y for
guinea pigs is 200 mg/ky of body weicht (3271). The
lethal dose in 48 howrs for the fish, T'inca vulgaris, is
veported ag 20,000 mg/1 (3271).

LITHIUNM SULTATE
{see Lithium)

LOROL WATASODIUN CULFORENZOATE
(see Chapter X))

MAGNRSIUM

1. General.  As onc of the most common elanents in
the erust of the earth, eonstitnting nbont 2.1 ,)m(-mwf of
it, magnesium is mu(‘l\ distributed 1o oves and swinerals
(30+4). Beeause it is very autive shemic ally, it is n\)t fomnd
in the clamenfal state in natore. Wiith the exeeption of
the hydvoxide at high pil valies, ity galts are very
soluble; even the carbonale will dissulve Lo the extent
of 100 to 300 mey1 at normal temperatures (364, 91 1)
The solubitity of magnesium hy dl‘r)\l(l(‘ is governed by
the equation:

[Mg*] [OT7]2 == 1.2 X 107 at 18°C

Thus, at pEl 7, wmagnesium tons theorelically can be
peeseitt to the extent of 12060 mols per liter or 28,800
i i >
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