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Since the initial observation of Edwards and Hayes
(1 ) that gallium-67 was concentrated in the involved
lymph nodes of a patient with Hodgkin's disease, the
accumulation of Ga-67 by a variety of tumors (2â€”5),
as well as in abscesses and other inflammatory lesions
(3â€”6), has been well documented. Currently, carrier
free Ga-67 citrate is widely used as a tumor- and
abscess-scanning agent. Much effort has been focused
on the elucidation of the mechanism of Ga-67 local
ization in tumors, but the exact mechanism remains
unclear. Little has been done to elicit the mechanisms
of Ga-67 accumulation in abscesses or inflammatory
lesions. Arseneau et al. (7) showed that granulocytes
from patients with chronic granulocytic leukemia had
higher Ga-67 uptake than lymphocytes from patients
with chronic lymphocytic leukemia. Gelrud et al. (6)
provided evidence that binding of Ga-67 within
polymorphonuclear leukocytes (PMN) is responsible
for its localization in areas of inflammation. Nothing
is known, however, about the mechanism of Ga-67
uptake by neutrophils. In this study, we demonstrated
that at least 50% of Ga-67 taken up by PMN was

bound to the plasma membrane. In non-viable PMN,
Ga-67 diffused across the plasma membrane and
contributed to the localization of Ga-67 in abscesses.

MATERIALSAND METHODS

Materials. Carrier-free Ga-67 citrate and C-14
inulin were obtaihed commercially. Gallium was
present as a complex formed from 9 ng of Ga-67
chloride (@ 2 mCi), 2 mg of sodium citrate, and
6.8 mg NaC1 in an aqueous volume of 1 ml. This was
diluted with 2.5% Na citrate and modified Hanks'
solution, with the final medium including the desired
concentration of Ga-67 (usually 2 @C/ml)in modi
fled Hanks' solution containing 0.25% citrate (final
pH 7.3 ) . Commercial sources were also used for
neuraminidase* (from Cl. perfringens, Type V, E.C.
3.2. 1.18), trypsin (bovine pancreas, Type IV), bo
vine serum albumin, KCN, N-ethylmaleimide (NEM),
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The mechanism of ionic galiium-67 localization in inflammatory lesions
was studied. Human polymorphonuclear leukocytes (PMN) had higher
Ga-67 uptake than lymphocytes, whereas red blood cells had no affinity for
Ga-67. Uptake by PMN showed temperature dependence, was independent
of Ga-67 concentrations, and was not inhibited by metabolic inhibitors.
However, its binding to PMN could be removed by trypsin but not by neura
minidase. These results are consistent with the hypothesis that the plasma
membrane serves as a diffusion barrier and Ga-67 only binds to the surface
of the PMN plasma membrane. When thLs membrane's permeability bar
rier was disrupted, as in heat-killed PMN, Ga-67 uptake increased markedly.

Experimental abscesses were induced with E. coli or turpentine in rab
bits. Twenty-four hours after i.v. injection, only 20% of Ga-67 in abscesses
was in fractions containing intact PMN, cell debris or bacteria; the remain
der was in a soluble, non-cellular fraction (2,5O@J-g supernatant).
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Na azide, iodoacetate, Ficoll, sodium diatriazoate

(Hypaque), Freund adjuvants, tryptic soy broth, and
agar.

Isolation of human blood cells. Isolation of human
polymorphonuclear leukocytes (PMN) and lympho
cytes was performed as described previously (8,9).
Briefly, venous blood was obtained from normal in
dividuals. Leukocytes were isolated by dextran sedi
mentation of red blood cells, differential centrifuga
tion, and NH4C1 lysis of contaminating red cells.
Leukocytes were then suspended in 10 ml modified
Hanks' solution (with 5 mM glucose) (10), placed
on top of a 1O-ml Ficoll-Hypaque mixture, and cen
trifuged at 400 g for 40 mm at 2OaC, according to
Boyum (1 1 ). The pellet, which consisted of 97â€”99%

PMN, and the cells at the interface, which consisted
of 85â€”90% lymphocytes by differential counting,
were washed twice with modified Hanks' solution.
Lymphocytes and PMN were diluted to a final con
centration of 10 million cells/ml. Red blood cells
(RBC) were isolated from heparinized venous blood
of normal individuals. Plasma and buffy coat were
removed after the whole blood was centrifuged at
2,000 g for 20 mm. The packed red cells were
washed twice with modified Hanks' solution and di
luted to a final concentration of 300 million RBC/
ml.
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FIG.2. Timecourseof Ga-67uptakebyhumanPMN.PMN
were incubated with 2 @.&Ci/mlGa-67 for varying intervals at 4Â°C
or 37Â°C. Results were expressed as Ga-67 uptake (cpm) per 10
million PMN. (Mean Â± standard error of mean) No. of experiments
= 4.

Measurement of Ga-67 uptake by human PMN.
Three different techniques were evaluated for this
uptake measurement. First, the cell-monolayer tech
nique developed by Hawkins and Berlin (12) was
studied. Briefly, cell monolayers were formed on
round glass coverslips (22 mm in diam, 2 million
PMN/coverslip) . Cell monolayers were then incu
bated with 0.5 ml of Ga-67 (2 @Ci/ml)for various
intervals. At the end of incubation, cell monolayers
were washed in four 50-ml beakers containing ice
cold modified Hanks' solution. Control experiments
were performed with coverslips, but no PMN mono
layer, in identical fashion. As shown in Fig. 1, Ga-67
was taken up by PMN monolayers, as well as by
coverslips. This might be due to Ga-67 sticking to the
coverslips because of negative charges of glass sur
face. Similar results were obtained when coverslips
were incubated with Ga-67 in plasma. Thus, Ga-67
bound tightly to the glass surface, which invalidated
the results obtained from PMN monolayers.

The second method evaluated was the Millipore
filter technique described by Men et al. ( 13 ) . Here
PMN were incubated with Ga-67 in 50-ml metabolic
flasks. At the end of incubation, the cells were col
lected by passing the cell suspension through a 0.45-
1@Millipore membrane using plastic syringes. The

cells were further washed twice with 10 ml ice-cold
modified Hanks' solution. Control experiments were
done in the same fashion except that no PMN were
used. Again, significant amounts of Ga-67 bound to
the Millipore filter membrane even in the absence of
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FIG. 1. Gallium-67uptakebyPMNmonolayersandglasscover
slips. PMN monolayers or glass coverslipswere incubated with 2
@iCi/mlGa.67 for varying intervals.
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PMN. There were 3,410 counts per minute (cpm)
retained on the Millipore filter after passing 1 pCi
of Ga-67 (9 x 10@cpm) followed by washing twice
with 10 ml modified Hanks' solution. This observa
tion is consistent with that of Driedger (14) who
found that gallium-67 sticks to various kinds of
Millipore filters.

Because of this nonspecific binding of Ga-67, we
finally adopted a centrifugation technique. PMN
were incubated with Ga-67 in disposable 15-mi plas
tic centrifuge tubes in a water bath at 37Â°C with
constant shaking. At the end of incubation, PMN
were spun down at 2,000 g and 4Â°C for 10 mm,
then washed twice with 10 ml modified Hanks' solu
tion. Preliminary experiments indicated that further
washes did not significantly change the uptake of Ga
67 by PMN. Independent experiments, using C-14
inulin as an indicator for extracellular-fluid contami
nation, indicated that only two washes were necessary
to wash off the incubation medium contaminating the
initial pellet. In the absence of PMN, no Ga-67 re
mained in the tubes, thus showing no binding to the
centrifuge tubes. The radioactivity was counted in an
automatic scintillation well counter with a window
setting of 80-320 keV.

For the study of the effects of various metabolic
inhibitors, PMN were preincubated for 20 mm at
370 C in the presence or absence of 1 mM KCN,

Na azide, Na iodoacetate, or of 2 mM N-ethyl

maleimide, Gallium-67 uptake was then determined.
For the study of the effects of enzymes on Ga-67
uptake, PMN were preincubated with 2 @zCi/mlGa
67 for 30 mm at 37Â°C; they were then incubated in
the presence or absence of trypsin ( 1 mg/ml) or

neuraminidase (0.05 units/ml). The radioactivity
retained with PMN after this enzymatic treatment
was determined. Gallium-67 uptake by heat-killed
PMN was determined by heating PMN for various
intervals in a 56Â°C water bath. The number of non
viable human PMN was determined by uptake of
trypan blue (0.2% in modified Hanks' solution).
Gallium-67 uptake was then determined as described
above.

Animal studies. Female New Zealand white rab
bits, weighing between 2 and 4 kg, were used for this
purpose. For the production of bacterial abscesses,
1010 E. coli in 1 ml of Freund adjuvant were injected
into the muscle of the inner aspect of one thigh. Con
trol animals were injected with 1 ml of Freund ad
juvant. For the production of sterile abscesses, 0.2
ml of turpentine were used. After three days, ab
scesses could be detected in animals injected with
E. coli in Freund adjuvant or with turpentine, but not
those injected with Freund adjuvant alone. Four to
five hundred pCi of Ga-67 citrate were injected in

travenously through a marginal ear vein. Twenty-four
hours later, the lower extremities of the animals were
scanned with a rectilinear scanner. Blood was oh
tamed by cardiac puncture and the animal was then
killed by i.v. injection of 5 ml pentobarbital (65. mgI
ml) . The thigh was dissected and the abscess excised.
Care was taken to avoid contamination of blood in
the excised specimen. Several specimens of muscle
were obtained from the contralateral thigh for con
trols. Blood, muscle, and abscess were counted in the
well counter, as described above. A standard solu
tion of Ga-67 was prepared at the time of injection
and counted at the same time, with same geometry,
as the above specimens. The results were expressed
as percentage of dose injected per gram of tissue or
blood, and an abscess-to-muscle or abscess-to-blood
ratio was calculated accordingly. For the study of
the distribution of Ga-67 in abscesses, specimens of
abscess from one animal were suspended in 10 ml
modified Hanks' solution in plastic centrifuge tubes.
The suspension was agitated using a vortex mixer
for 5 mm to disperse leukocytes andlor bacteria
from the fibrous tissue. It then was filtered through
gauze to remove the fibrous tissue, and the filtrate
was centrifuged at 600 g for 10 mm at 4Â°C. The
supernatant was further centrifuged at 2,500 g for

10 mm at 4Â°C. The 600-g and 2,500-g pellets were
each washed twice with 10 ml modified Hanks' solu
tion, and were finally resuspended in 2 ml modified
Hanks' solution and counted in the well counter.
Gram staining of the 600-g and 2,500-g pellets was
also done and examined with light microscopy.

The statistical significance was determined based
on Student's t test (15).

RESULTS

Gallium-67 uptake by human PMN, lymphocytes
and RBCs. Figure 2 shows the results of a time
course uptake of Ga-67 by human PMN. PMN had
higher Ga-67 uptake at 37Â°C than at 4Â°C. More
over, Ga-67 uptake reached a maximum after 30

TABLE 1. GALLIUM-67 UPTAKE BY HUMAN
PMN, LYMPHOCYTES, AND RBC

The figures give Ga-67 uptake (in cpm) per 10 million
cells. Cells were incubated with 2 @tCi/mlGa-67 for 30 mm
at 37Â°Cand washed twice with 10 ml modified Hanks' solu
tion. Numbers in parentheses indicate the number of experi
ments. P value (lymphocytevs. PMN) < 0.05.

38 THE JOURNAL OF NUCLEAR MEDICINE



Control1,236+KCN(lmM)1,326+NEM(2mM)1,671+NaAzide(1

mM)1,215+
Nalodoacetate(1mM)1,129

0.2125@Ci/ml@Ci/ml@&Ci/ml@&Ci/mlGa-67

uptake 1,7141,9821,6441,634
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TABLE 3. EFFECT OF METABOLIC INHIBITORS
ON GALLIUM-67 UPTAKE BY HUMAN PMN

Uptake (cpm/107 PMN)

Gallium-67 Uptake by Human PMN

2I@000

16P00

lz000

u00

@000

The resultsare expressedon the same basisas in Table 1
and are means of two experiments. PMN were preincubated
for 20 mm at 37Â°C in the presence and absence of metabolic
inhibitors. At the end of preincubation, Ga-67 was added
(final concentration 2 @Ci/ml).

U

ple diffusion, (b) a carrier-mediated transport
process, or (c) binding of Ga-67 to membrane com
ponents. In order to investigate these possibilities,
PMN were incubated with various concentrations of
Ga-67. As shown in Table 2, Ga-67 uptake by PMN
was practically the same at Ga-67 concentrations
from 0.2 to 5 @@Ci/ml.Thus the uptake by PMN is
unlikely to be due to simple diffusion. The effect of
various metabolic inhibitors on Ga-67 uptake by
PMN was also studied. If Ga-67 is transported by an
active transport process, its uptake by PMN should
be inhibited by metabolic inhibitors. As shown in
Table 3, KCN, N-ethylmaleimide (NEM), Na azide,
or iodoacetate had essentially no inhibitory effect on
Ga-67 uptake by PMN.

Effects of frypsin and neuraminidase on the bind
ing of Ga-67 to human PMN. Mertz et al. (13) have
shown that brief trypsinization of lymphocytes labeled
with Ga-67 removes about 50% of the Ga-67, sug
gesting that Ga-67 binds to the plasma membrane of
lymphocytes. Since Ga-67 is a strongly charged ca
tion, it is possible that it binds to some negatively
charged moiety of the cell surface, such as sialic acid.
Accordingly, the effects of trypsin and neuraminidase
on the binding of Ga-67 to PMN were studied. We
used bacterial neuraminidase, which cleaves sialic
acids at 2â€”3'and 2â€”6'glycosidic bonds, since more
than 80% of the sialic acids present in the PMN
plasma membrane are in 2â€”6'linkage (1 7) . [Neura
minidase from influenza virus only cleaves 2â€”3'glyco
sidic bonds (17)]. As shown in Table 4, neuramini
dase had no effect on the binding of Ga-67 to PMN.
We have previously shown that, at the concentration
used, neuraminidase removes 40â€”60% of surface
sialic acids from human PMN (18) . In contrast,
trypsin removed almost 50% of the Ga-67 bound to
PMN. This is not due to a nonspecific effect of pro
tein, since at the same protein concentration, al
bumin had no such effect.

Distribution of Gallium-67 in bacterial- and tur

TABLE 2. EFFECT OF VARIOUS GALLIUM
CONCENTRATIONS ON GALLIUM-67

UPTAKE BY HUMAN PMN

The resultsare expressedon the same basis as in Table 1,
and are the means of two experiments.
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FIG.3. Gallium-67uptakebyvaryingnumbersofhumanPMN.

mm of incubation. At this point, the total gallium
uptake represents only 0.1 % of the radioactivity
present in the medium. All subsequent experiments
were done with incubation for 30 mm. Table 1
shows the results of Ga-67 uptake by PMN, lympho
cytes, and RBC. PMN had higher Ga-67 uptake than
lymphocytes, whereas RBCs had almost no affinity
for Ga-67. Figure 3 shows that there was a linear
relationship between the number of PMN and the
amount of Ga-67 uptake. Since Ga-67 binds to
plasma proteins (1 6), Ga-67 uptake by PMN also
was studied using either serum or heparinized plasma
instead of modified Hanks' solution. Similar results
were obtained.

Effect of various concentrations of Ga-67 and
metabolic inhibitors on Ga-67 uptake by human
PMN. There are three possible mechanisms by which
Ga-67 could be taken up by human PMN: (a) sim
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TABLE 4. EFFECT OF TRYPSIN AND
NEURAMINIDASE ON GALLIUM-67 UPTAKE

BY HUMAN PMN

A

The resultsare expressedon the same basis as in Table 1.
PMN were preincubated for 30 mm at 37Â°Cwith 2 @tCi/ml
Go-67. They were then incubated in the presence or absence
of enzyme for 20 mm at 37Â°C.The number in parentheses
indicatesthe numberof experiments.P values were obtained
based on paired difference.

. BSA; bovine serum albumin.

pentine-induced abscesses. In view of the evidence
presented in the accompanying paper (19), it was
hypothesized that both PMN and bacteria might con
tribute to the localization of Ga-67 in abscesses. In
order to determine their roles in this accumulation,
in-vivo experiments were carried out in rabbits.
Three days after injection of E. coli or turpentine,
abscesses were palpable in the injected thigh. Rec
tilinear scans of the abscesses, 24 hr after i.v. injec
tion of Ga-67, are shown in Fig. 4. High concentra
tions of Ga-67 were present in abscesses induced by
either E. coli (Fig. 4A) or turpentine (Fig. 4B).
Quantitative data were obtained at necropsy (Table

5) . Abscess-to-muscle ratio and abscess-to-blood
ratio were variable but high, however, there seemed
to be no difference between these two groups of
abscesses. It was also noted that only a small fraction

TABLE 5. GALLIUM-67 UPTAKE BY BACTERIAL AND STERILE ABSCESSES

E.coilabscess15860.0810.0050.244

0.16049 32320.13624420.0900.0050.1
26251.40.02334430.01

20.00570.525
0.37192 6545310.120Turpentine

abscess45440.0140.0120.298

0.21424 1721160.05155520.0630.0020.298

0.229149 114433.60.016.

A/M = abscess-to-muscle ratio; A/B

to that of whole blood.abscess-to-blood
ratio.WBC/B ratio ofradioactivitypresent in whiteblood cells
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FIG.4. RectilinearscansofabscessesinducedbyE.coli(A)
and turpentine (8). Abscesses were 3 days old and were scanned
24 hr after i.v. injectionof Ga-67.

of Ga-67 present in the whole blood was associated
with leukocytes (less than 14% ). In E. coli ab
scesses, the 600-g fraction consisted predominantly
of PMN, with some intracellular E. coli and some
E. coli stickingto the surfaceof PMN. It contained
12â€”22% of the total Ga-67 present in the abscess
(Table 6). The 2,500-g fraction consisted of free
E. coli andPMN cell debris.It containedonly 3.5â€”
6% of the total Ga-67,the majority of Ga-67being
in the supematant fraction. In turpentine-induced
abscesses, the 600-g fraction consisted of PMN and
it contained 15â€”16% of total Ga-67 present in the
abscess. The 2,500-g fraction consisted of cell debris
and contained only 2% of the total Ga-67. Again,
the majority of Ga-67 was in the supernatant frac
tion. There are several possibilities for these observa
tions: (a) abscesses might contain some as yet un
characterized proteins, which bind Ga-67 avidly; (b)
the soluble fraction containing most of the Ga-67 in
the abscess might represent lysed PMN, since PMN
reach the site of infection, ingest, and kill bacteria,
and eventually die and are digested by their own
lysosomal enzymes. In order to test this second possi
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As shown in Figure 5, an increase in the number of
nonviable cells was associated with a markedly in
creased uptake of Ga-67.

DISCUSSION

In-vitro study of Ga-67 uptake is hampered by the
nonspecific binding of Ga-67 to various surfaces. As
shown in this study, Ga-67 bound to glass surfaces
as well as Millipore filter membranes. Gallium is a
highly charged cation. In the absence of adequate
concentrations of chelating agents such as citrate, it
forms colloid and may precipiate out of solution on

standing. Under our experimental conditions, the
final concentration of citrate (0.25% ) was far in
excess of that required to keep gallium in solution.
Because of the strong negative charge of the glass
surface, it is possible that electrical charge is re
sponsible for the retention of gallium on glass cover
slips. Attempts to eliminate this nonspecific binding
by using plasma were not successful. Our observa
tion that Ga-67 also bound to Millipore filters is
consistent with that of Driedger (14) . Failure to
recognize this nonspecific binding of Ga-67 may pro

duce misleading information. We found that plastic
centrifuge tubes did not have this undesirable prop

erty and were suitable for the study of Ga-67 uptake
in vitro.

Uptake of Ga-67 was higher in human PMN than
in the lymphocytes. In contrast, RBC had negligible
affinity for Ga-67. These observations are consistent

with those of Arseneau et al. (7) and Glickson et
al. (20). In PMN, Ga-67 uptake was temperature
dependent. It was not inhibited by metabolic inhibi
tors. Its binding to PMN could be removed, however,
by brief treatment with trypsin. These results are con
sistent with the hypothesis that the plasma membrane
of PMN serves as a diffusion barrier and Ga-67 only
binds to the surface of the plasma membrane. The
fact that its uptake was not affected by different con
centrations of Ga-67 (Table 2) suggests that at the
concentrations tested (0.2 to 5 pCi), all the binding
sites of the plasma membrane are saturated, since
under these experimental conditions, less than 1% of
Ga-67 present in the incubation medium was taken
up by PMN. A similar conclusion was drawn by
Mertz et al. (13) regarding the binding of Ga-67 to
human lymphocytes. However, since they did not
take into consideration the nonspecific binding of
Ga-67 to a Millipore filter, their conclusion must be
viewed with skepticism. The exact site of Ga-67 bind
ing on the PMN plasma membrane is not clear, but
we showed that it was not the surface sialic acid. In
nonviable PMN, the plasma membrane diffusion
barrier no longer exists and Ga-67 uptake increases
markedly. It is postulated that under this condition

TABLE 6. DISTRIBUTION OF RADIOACTIVITY
IN ABSCESSES

In E. coil abscesses, 600-g fraction consisted predomi
nantly of PMN and someE. coil; 2,500-g fraction consistedof
E.coil and cell debris.

In turpentine-induced abscesses, 600-g fraction consisted
of PMN, and 2,500-g fraction consistedof cell debris.

bility, Ga-67 uptake by heat-killed PMN was studied.
Gallium-67 uptake by heat-killed human PMN.

After heating in a 56Â°C water bath, the number of
nonviable cells increased with increasing intervals of
incubation, but the total number of PMN did not
change. Thus, there was no loss of cells due to lysis.

5-
C.)

FIG.5. Effectsof nonviablePMNonGa-67uptake.Human
PMN were heated at 56Â°Cfor various intervals and nonviable cells
were determined by uptake of trypan blue. Gallium-67 uptake was
then determined. Results are expressed as Ga-67 uptake (cpm) per
10 million PMN with various percentages of nonviable cells.

GALLIUM-67 UPTAKE BY HUMAN PMN(1xl07@

e

e

10
% Non-viable Cells
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Ga-67 diffused across the disrupted plasma mem
brane and bound to intracellular components. A
similar phenomenon is observed with p-chloromer
cury-benzene sulfonic acid (PCMBSA) (8) . This

sulfhydryl group inhibitor has a strong negative
charge (sulfonyl group) and binds to surface -SH
groups only. When the membrane permeability bar
ncr of PMN is disrupted, however, PCMBSA binds
to both intracellular and surface -SH groups, and its
uptake by PMN increases thirtyfold (8) . Intracellular
localization of Ga-67 has been the subject of intensive
investigations, but the results are conflicting. Investi
gators at Oak Ridge (21 ) have identified â€œlysosomal
likeâ€•granules as the primary sites of Ga-67 localiza
tion in a number of tumors and normal cells such as
hepatocytes, Kupifer's cells, etc. In contrast, Orii

(22 ) and Glickson et al. ( 18) fail to show prefer

ential localization of Ga-67 in any subcellular or
ganelle. Gel chromatography of homogenates of
tumors reveals a spectrum of unidentified soluble
proteins that appear to bind Ga-67 ionically (23).
Anghileri (24), on the other hand, provided evi
dence for competitive binding of Ga-67 and Ca-45
by hydroxyapatite, phospholipids, and albumin.

After i.v. injection, Ga-67 binds to plasma pro
teins (16) as well as to leukocytes (7) . As shown in
this study, less than 14% of Ga-67 remaining in cir
culation 24 hr after i.v. injection was bound to leuko
cytes. Both free and protein-bound Ga-67 diffuse out
of the circulation and are distributed throughout the
entire body, notably in the liver, spleen, skeleton, and
kidneys (25) . In animals or patients with tumors or
abscesses, high concentrations of Ga-67 are localized
in these tissues.

Based on our present study, we propose the fol
lowing mechanism for Ga-67 localization in ab
scesses and inflammatory lesions. After i.v. injec
tion, Ga-67 binds to the surface membrane of PMN.
These labeled PMN move out of circulation con
tinuously to the site of inflammation. Gallium-67
also diffuses directly into the site of inflammation,
where it is taken up by bacteria (see accompanying
paper) (19). In addition, Ga-67 diffuses across the
cell membrane of nonviable PMN and possibly binds
to intracellular components. The relative roles of
these processes in the localization of Ga-67 probably
depend on the local factors within the abscess. It is
also possible that some other components of the
abscess bind Ga-67 and contribute to its uptake.

FOOTNOTE

* Neuraminidase, 0.5 U/mg protein. One unit liberates

1.0 @tmo1of N-acetyl-neuraminic acid per minute at pH 5.0,
37Â°Cusing N-acetyl neuramin-lactose as substrate. Trypsin,
10,000 BAEE U/mg. One BAEE unit = OD@@of 0.001/mm
with N-benzoyl-L-arginine ethyl ester as substrate at pH
7.6, 15Â°C.
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