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Determination of Silver in Blood, Urine, and Tissues of Volunteers and Burn Patients
Abraham T. Wan,’ Robert A. J. Conyers,’ Chris J. Coombs,2 and John P. Masterton2

Silver sulfadiazine cream (SSD) has been used success-
fully in the management of burn wound sepsis. Silver
deposition has been found in the skin, gingiva, cornea,
liver, and kidney of patients treated with this cream,
causing argyria, ocular injury, leukopenia, and toxicity in
kidney, liver, and neurologic tissues. Monitoring concen-
trations of silver in blood and urine of patients receiving
this treatment has become necessary, but sensitive and
suitable methods adaptable to a clinical laboratory are still
needed. We have developed a flameless thermal atomic
absorption spectrophotometric method to measure silver
concentrations in blood, urine, and other tissues. The
detection limit is 0.4 zg/L; the within-run precisions (CV)
are 5.16%, 3.83%, and 2.79% for concentrations of 5,
13.5, and 42 zg/L, respectively; and the between-run
precisions are 4.3% and 3.2% for concentrations of 13.5
and 42 ,ug/L. The concentrations of silver in blood, urine,
liver, and kidney of subjects without industrial or medicinal
exposure are <2.3 1tg/L, 2 p9/day, 0.05 g/g wet tissue,
and 0.05 ug/g wet tissue, respectively. In SSD cream-
treated bum patients, plasma concentrations may be as
great as 50 /L within 6 h of treatment and can reach a
maximum of 310 g/L. Silver in urine is detectable after
one day of treatmentand may reach a maximum of 400
.LgIday. After absorption, silver was found to be deposited
in various tissues. Tissue silver concentrations in one
burn patient who died of renal failure after eight days of
treatment were 970, 14, and 0.2 g/g wet tissue in
cornea, liver, and kidney, respectively.

Addftlonal Keyphrases: trauma toxicology atomic ab-
solpUon spectrophotometr’ silversuffadiazine

The development of sepsis after thermal injury is the
major cause of high mortality in burn patients. Various
treatments have been used to prevent and control sepsis
(1,2), but none is more successful than the topical use of
silver sulfadiazine (SSD) cream (3-5), although this
treatment is not without adverse effects. Argyria in
gingiva and cheek tissues (6), nephrotic syndrome (7),
and leukopema (8) have all been reported in severely
burned patients being treated with SSD cream. Silver
toxicity is well known among workers in factories man-
ufacturing silver nitrate and silver oxide (9), in the
photochernical industry (10), and in people taking anti-
smoking chewing gum containing silver acetate (11, 12)
and was reported in a patient receiving arthroplasty
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cement containing silver (13). In vitro studies have also
shown that silver causes cellular (14, 15) and subcellu-
lar (16) toxicity. The possible absorption of silver in
burn patients treated with SSD cream and its conse-
quent toxic effect are thus a cause of concern.

Published data on absorption of silver through topical
use are scarce and controversial. Fox et al. (15) reported
that no significant absorption was detected. Boosalis et
al. (17) found only moderate increases in the concentra-
tion of silver in plasma of burn patients. Given the
potential for toxicity from silver, we consider it impor-
tant to monitor routinely the concentrations of silver in
plasma and urine in patients undergoing treatment
with SSD cream. We have developed an easy method
based on electrothermal atomic absorption spectrometry
but without use of the Zeeman background correction
and platform recommended elsewhere (18,19). To alle-
viate the serum matrix effect, we used NH4NO3 as the
matrix modifier and assayed standards supplemented
with bovine serum albumin (BSA), Na, K, Cl-, and
bicarbonate. We also investigated the effects of matrix
modifiers such as nickel and palladium salts.

MaterIals and Methods

Apparatus: A Model 3030 atomic absorption spectro-
photometer (Perkin-Elmer Corp., Norwalk, CT),
equipped with deuterium lamp background correction
and an attached Model HGA-400 graphite furnace unit,
was used in this study. The silver hollow-cathode lamp
(Photron Pty., Ltd., Dandenong, Victoria, Australia)
with a wavelength of 328.1 urn and a high-density
graphite carbon tube (Perkin-Elmer) without platform
were used in the assay.

Reagents: Water purified in a high-grade Milli-Ro
De-ionizer system (Millipore, Melbourne, Australia)
with resistance >14 MCi was used to prepare all re-
agents. A 0.5 mJJL aqueous solution of Triton X-100
(iso-octylphenoxypolyethoxy ethanol), containing 40 g
of NH4NO3 per liter as the matrix modifier, was used for
the final dilution of all samples, including standards,
controls, and patients’ specimens. Aqueous solutions
containing 2 g of nickel per liter, prepared from
Ni(N03)2 - 6H20, and 4 g of palladium per liter, pre-
pared from Pd(N03)2 2H20, were also tried as alterna-
tive matrix modifiers. All chemicals were of analytical
grade (BDH Chemicals, Sydney, Australia). High-pu-
rity nitrogen was used as purging gas. A solution
containing 60 g of BSA (Sigma Chemical Co., St. Louis,
MO), 140 inmol of NaCl, and 5 mrnol of KHCO3 per liter
was used to prepare all working standards.

Standards: For the silver standard, we used the
standard solution of silver for atomic absorption spec-
troscopy (BDH Chemicals), which contained AgNO3
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equivalent to 1 mg (9.270 pinol) of silver per milliliter.
The stock standard, 1000 zg/L, was prepared by dilution
with 0.1 mol/L HNO3. Working standards of 2,5, 10,20,
and 50 g/L were prepared by diluting the stock stan-
dard with the BSA matrix solution.

Control specimens: Two poo1s of sera containing -12
and -40 pg of silver per liter were used as controls.
They were prepared by diluting serum of high silver
content with normal human serum to the desired
ranges. The pooled sera were mixed, filtered, aliquotted
(0.5 mL) into capped small plastic sample cups, and
stored at -70 #{176}C.They were used at the beginning of
each run to standardize the instrument and also during
the run to assess possible drift. These control specimens
were stable for at least 12 months under these condi-
tions.

Specimen preparation: The blank (BSA matrix solu-
tion), standards, control, and patients’ plasma and urine
specimens were all diluted fivefold with the Triton
X-100 solution before assay. Urine samples were well
mixed (without centrifugation) before sampling. Tissue
specimens were first rinsed with 8.5 g/L NaC1 solution
to remove possible contamination of blood and were
then blot-dried with filter paper. The wet tissue (0.5 g)
was roughly diced and then dissolved in 2 mL of 10
mol/L HNO3 in a 15-mL glass tube by heating the tube
at 120 #{176}Cfor 15 mm. After cooling to room temperature,
the contents were diluted to 10 mL with water. These
tissue preparations were also diluted fivefold with the
Triton X-100 solution before assay. Factors for dilutions
were included in the final calculation.

Analytical procedure: For this assay, we used the
alternative slit (0.7 pni) on the instrument and a 20-pL
sample volume. Samples with silver concentrations >50
pg/L were diluted to below that concentration before
assay. Automatically integrated peak areas were used
for calculation of results. To optimize the procedure, we
evaluated ashing temperatures between 300 and
1200#{176}C,and atomization temperatures between 1100
and 2500 #{176}C,using pooled human serum with a silver
content of 13.6 pg/L.

Results

The effect of ashing temperature, with NH4NO3 as
modifier, on the silver yield is shown in Figure 1. The
ashing was incomplete at temperatures <600 #{176}C,and
the effect of the matrix background was noticeable.
Ashing appeared complete when the ashing tempera-
ture was between 650 and 750 #{176}C;when >800#{176}C,silver
loss was noticeable. We chose an ashing temperature of
700#{176}Cfor this study. When nickel was included as
matrix modifier, a higher temperature of 900 #{176}Cfor
ashing could be achieved. However, this yielded no
greater sensitivity and gave no improvement in the
recovery, but led to formation of precipitates during the
preparation of plasma specimens, so we did not use this
approach. An attempt at using palladium nitrate as a
modifier was abandoned due to its high silver content.

The survey on the effect of atomization temperature
on silver recovery showed that little atomization oc-
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Fig. 1. Effect of ashingtemperature on silver determination
Low percentage yield beyond 700#{176}CIndIcates loss of silver during the ashlng
stage

curred at temperatures <1100 #{176}C(Figure 2). As the
temperature increased to >1100 #{176}C,the silver yield
increased, reaching the maximum at 2000 #{176}C.For max-
imum atomization, we chose 2100#{176}Cfor this study. A
summpry of the heating sequence program of the fur-
nace is shown in Table 1.

Standard Curve and Detection Umit

A representative standard curve is shown in Figure 3.
The absorbance was linearly related to concentration up
to at least 75 pg/L (the actual concentration of silver is
15 zgJL in the assay sample after fivefold dilution with
Triton X-100 solution). The detection limit of silver
measurement was determined by repeated analyses of a
specimen of low silver content that yielded a ratio of
mean/SD �2. So defined, the detection limit was 0.4
pgfL [mean = 0.39, SD= 0.161 pg/L (n = 22); ratio =

2.42; range = 0.12-0.68 pg/L]. The lowest standard of
2.0 pgfL is thus considerably above the detection limit.

Assay Precision Assessment

The within-run and between-run precision studies
were performed with pooled plasma specimens contain-
ing silver at selected concentrations. The within-run
precision was determind at three concentrations: 5,
13.5, and 42 pgfL; between-run precision was deter-
mined at two concentrations: 13.5 and 42 pg/L. Results
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Fig.2. Effect of atomizationtemperatureon silverdetermination
Low percentage yield at <2000#{176}CindIcates Incomplete atomization
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Table 1.

Temp, #{176}C

HeatIng Program
Ramp time

on the
Held time

HGA-400

Gas flow,
mLImln Reeds

1 100 20 20 100 -

2 140 10 20 100 -

3 700 10 30 100 -

4 2100 0 3 No Yes

5 2650 1 3 100 -

Table 3. Accuracy Survey of Sliver DeterminatIon
S#ver canon, pg/I.
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are shown in Table 2. The between-run imprecisions
were slightly greater than the within-run variations;
nevertheless, all were within our acceptable value for a
CV of 5%.

Accuracy and Analytical Recovery Studies

Assay accuracy was determined by comparing a seri-
ally diluted Spectrometric Solution for Silver (NIST
Standard Reference Material; National Institute for
Standards and Technology, Gaithersburg, MD) with our
standard solution. The values expected and those mea-
sured were very close, within the variation of assay
precision (Table 3).

Recovery studies were done by assaying a patient’s
serum with known amounts of silver added. The in-
crease in values was compared with the quantities
added. Recoveries were satisfactory and ranged between
94% and 99%, with a mean of 97.5% (Table 4).

Table 2. WithIn-Run and Between-Run Precision of the
Sliver Assay
Mean SD

Withinrun
1 4.97 0.26
2 13.61 0.52
3 42.37 1.18
Between runs

13.37
42.28

0.58
1.28

2.00
5.00

10.00
20.00
50.00

Obtatnsd

2.08
5.04
9.77

20.21
49.78

Aceuracy,S
104
101

98
101

99

Table4. AnalytIcal Recovery of Added Sliver
Silverconan, pg/I.

Recovery,S

95

Plasma and Urine Silver Concentrations In Metropolitan
Dwellers

Plasma samples from 26 individuals who lived in the
Melbourne metropolitan area (population >3 X 10),
whose occupations were not related to silver manufac-
turing and who had no history of silver medication, were
analyzed for silver. Silver concentrations were all <1
pg/L. Analysis of 24-h urine collections from the same
individuals showed that urinary excretion of silver was
<2 pg/day, except for two cases with values of 2.3 and
2.1 pg/day. These findings are lower than those reported
by DiVincenzo et al. (20), who showed that normal
human serum and urine contained silver concentrations
<5 pg/L.

Studies of Plasma and Urine Silver Concentrations in Bum
Patients

Blood and urine specimens collected on admission to
the hospital served to establish baselines for silver
content. After the application of SSD cream, blood
specimens were collected for silver assay at 6 h, and on
days 1,2,3,5,7,10, and 14, and then biweekly until the
patients were discharged. Urine specimens (24 h) were
collected on days 1, 2, 5, and 8 for silver determination.

Silver content in the blood increased quickly after
application of SSD cream (Figure 4). After 6 h, all
patients who suffered from burns of >5% of total body
surface area showed a marked increase in silver concen-
tration, to as much as 69 pg/L. Peak concentrations of
silver in plasma, depending on the surface area burned,

CV, were reached in 10±3 (mean ± SD) days, ranging from
seven to 17 days; the maximum plasma concentration of

5.16 silver in this series of patients was 310 pg/L. Our
3.83 findings differ from those of Boosalis et al. (17), who
2.79 reported much greater normal baseline concentrations

of plasma silver and only slightly increased silver con-

302 centrations in SSD cream-treated patients. This differ-____ence probably reflects the type of instrument used:
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4 6

Time (Days)

FIg. 4. SlIverconcentration in plasma of patients In the first10 days
afterreceivingSSD cream treatment
The heavy line indicates the mean

Boosalis et al. (17) used flame atomic absorption spec-
trophotometry, which is less sensitive than the flame-
less thermal furnace type we used.

Urinary excretion of silver is summarized for nine
patients in Figure 5, which shows that absorbed silver is
readily excreted in the urine. After only 24 h of treat-
ment with SSD cream, mean urinary silver excretion
was considerably increased toll (SD 9) pg/day, more
than fivefold that of normal subjects. Peak concentra-
tions of silver in urine were reached in 6.7 (SD 2.1) days
(range five to 12 days). The highest value found, 558
pg/day in one patient, was less than the 1100 pg/day
reported by Boosalis et al. (17). Unlike their group of
patients, no one we studied had >35% of total body
surface burned.

Silver Deposition in Tissues

One patient, age 81 years, had 25% of the total body
surface burned and died of renal failure after eight days
of treatment with SSD cream. Postmortem studies of
silver content in the liver, kidney, and cornea showed
that silver deposition was quite high in these tissues
(Table 5). The corneal tissue had the highest concentra-
tion, followed by the liver and the kidney, with 970, 14,

Table 5. SlIver Content (pg/g wet wt.) In Postmortem
TIssues

Patient Liver Kidney Come.

ia 970

3b

14 0.2
0.05 0.02
0.03 0.03

Bum patient who received treatment with SSD cream foreight days before
dying.
#{176}Patientswho had no history of receMng medication containing diver.

and 0.2 pg/g wet tissue, respectively. Silver content in
the liver and kidney tissues taken from two individuals
with no record of treatment with SSD cream was all
<0.05 pg/g wet weight. Corneal samples from these two
patients were not available for comparison.

Discussion
Normal concentrations of silver in human serum,

urine, and tissues are very low (21). Common laboratory
techniques such as spectrophotometry (22) and flame
atomic absorption spectrometry (17) are not suitable for
assay of silver in human blood, urine, or tissue because
of their low sensitivities. Alvarez-Coque et al. (22) used
diethyldithiocarbamate in their spectrophotometric de-
termination of silver in aqueous solution; their detec-
tion limit was quoted as 250 pgfL, 625-fold the detection
limit of 0.4 pg/L we report. Therefore, their method
cannot be used as a reference method for silver in
tissues and fluids. Boosalis et al. (17) used a flame
atomic absorption spectrophotometer for their study of
serum and urinary silver concentrations in thermally
injured patients. They report that the concentration of
silver in normal human serum may be as much as 200
pgfL; hence, not many of their patients were shown to
have increased silver concentrations-probably because
of the relatively insensitive method used in their assay.

The method presented here is sensitive enough to
demonstrate that normal human serum contains <2 pg
of silver per liter and to determine readily any increase of
silver concentration in the blood or urine due to medica-
tion. Complex equipment and complicated techniques
such as neutron activation (23) and atomic absorption
spectrometry of atomized plasma (24) can be used, but
these are usually unavailable in the clinical laboratory.
Recently, electrothermal atomic absorption spectropho-
tometry was used for silver analysis in human blood (18).
The method involved an instrument equipped with Zee-
man background correction and techniques such as stan-
dard additions and the use of a platform in the carbon
tube. We found that by using a standard electrothermal
atomic absorption spectrometer equipped with deute-
rium background correction, we achieved enough sensi-
tivity and did not require standard additions or a plat-
form for measuring silver in blood, urine, and tissues.
The serum matrix effect was overcome by the presence of
NH4NO3 and was balanced by using standards supple-
mented with BSA, Na, K, Cl, and bicarbonate. The
use of nickel or palladium as matrix modifiers was not
necessary, because these gave no improvement in ana-
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lytical recovery. In addition, the commercial product of
palladium compound was found to contain silver in a
high enough concentration to be unsuitable for the assay.

The method presented here is simple and easy to
operate, and the sensitivity and precision remain suit-
able for routine use. Silver is readily absorbed through
topical application. As early as 6 h post-application,
silver concentrations in plasma reached >50-fold the
normal concentration. Plateau values were reached in
three to four days. Although silver is cleared through
the urine, it is also deposited in liver, kidney, and
corneal tissue, as shown in one patient who died eight
days after admission. The physiological and pathologi-
cal effects of silver deposition in a larger group of
patients are being documented and will be reported
separately.

This work was supported in part by a Medical Research Advis-
ory Committee Grant, Alfred Hospital, Prahran, Melbourne, Aus-
tralia.

References
1. Moyer CA, Brentano L, Gravens HW, MargarfW, Monafo W Jr.
Treatment of large human burns with 0.5% silver nitrate solution.
Arch Surg 1965;90:812.-67.
2. Pegg SP, Ramsy K, Meldruxn L. Clinical comparison of ma-
phenide and silver sulphadiazine. Scand J Plast Reconstr Surg
1979;13:95-101.
3. Fox CL Jr. Silver sulfadiazine: a new topical therapy for
Pseudomonaa in burns. Arch Surg 1968;96:184-8.
4. Modak SM, Sampath L, Fox CL Jr. Combined topical use of
silver sulfadiazine and antibiotics as a possible solution to bacte-
rial resistance in burn wounds. J Burn Care 1988;9:359-63.
5. Koo DS, Then 5, De-Zhen Z, Shi XW, Xiang SJ. Assessment of
topical therapy of the burn wound with silver sulphadiazine after
its use for 15 years in burn unit. Burns 1989;15:193-6.
6. Wang XW, Wang NZ, Thang OZ. Tissue deposition of silver
following topical use of silver sulphadiazine in extensive burns.
Burns 1985;11:197-201.
7. Owens CJ, Yarbrough DR. Brackett NC. Nephrotoxic syndrome
following topically applied sulfadiazine silver therapy. Arch Intern
Med 1974;134:332-5.
8. Fullar FW, Engler PE. Leukopenia in non-septic burn patients
receiving topical 1% silver sulfadiazine cream therapy: a survey. J

Burn Care Rehabil 1988;9:606-9.
9. Roeenman KD, Moss MD, Kon S. Argyria:clinical implications
of exposure to silver nitrate and silver oxide. J Occup Med
1979;21:430-5.
10. Petering HG. Pharmacology and toxicology of heavy metals:
silver. Pharmacol Ther 1976;1:127-30.
11 Jensen EJ, Rungby J, Hansen JC, Schmidt B, Pedersen B,
DahI R. Serum concentrations and accumulation of silver in skin
during three months treatment with an anti-smoking chewing
gum containing silver acetate. Human Toxicol 1988;7:535-40.
12. Macjntyre D. Silver poisoning associated with anti-smoking
lozenge. Br Med J 1978;ii:1749-50.
13. Vik H, Anderson LI, Julshsmn K, Todnem K. Neuropathy
caused by silver absorption from artbroplasty cement. Lancet
1983;i:872.
14. Baldi C, Minoia AC, DiNucci A, Capodaglio E, Manzo L Effect
of silver in isolated rat hepatocytes. Toxicol Lett 1988;41:261-8.
15. Fox CL, Modak SM, Stanford JW. Cerium sulphadiazine as a
topical agent for burn wound infections: a comparison with silver
sulphadiazine and zinc suiphadiazine. Burns 1977-78;4:233-9.
16. Shin YA, Eichhorn GL Induction of heicity in polyuridilic
acid and polyinoeinic acid by silver ions. Biopolymer1980;19:539-
56.
17. Boosalis MG, McCall JT, Ahrenhalz DH, Solem LI), McClain
CJ. Serum and urinary silver levels in thermal injury patients
Surgery 1987;101:40-3.
18. Julshamn K, Andersen LI, Vik H. Determination of silver in
biological samples using Zeeman graphite furnace atomic absorp-
tion spectrometry. Acta Pharmacol Toxicol Suppl 1986;7:613-5.
19. Andersen LI, Wikahsilsind A, Utheim A. Determination of
silver in biological samples using graphite furnace atomic absorp-
tion spectrometry based on Zeeman effect background and matrix
modification. Clin Biochem 198619:166-70.
20. DiVincenzo GD, Giordano CJ, Schriever 1.2. Biologic monitor-
ing of workers exposed to silver. mt Arch Occup Environ Health
1985;56:207-15.
21. Kehoe RA, Cholak J, Story RV. Manganese, lead, tin, alumi-
num, copper and silver in normal biological material. J Nutr
194O,20:85-90.
22. Alvarez-Coque MCG, Cnmnns RMV, Vaya MCM,RamoeGR.
Fernandez CM. Spectrophotometric determination of mercuryOl)
and silver(I) with copper(I1) and diethyldithiocarbamate in the
presence of Triton X-100. Talanta 1986;33:697-9.
23. Fedoroff M, Loos-NeekovicC, Revel 0. Multielement neutron
activation analysis of high purity silver. Anal Chem
1979;51:1350.-8.
24. Liang DC, Blades MW. Atmospheric pressure capacitively
coupled plasma atomizer for atomic absorption spectrometty. Anal
Chem 1988;60:27-31.




