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Abstract
The spatial distribution of thorium, uranium and other radioactive elements in biological tissues is significant for evaluat-
ing their migration, toxicity and possible decorporation mechanism, however, it is still a big challenge today for developing 
quantitative imaging by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) due to the lack of matrix 
matched standards for calibration. Herein, a fast and reliable LA-ICP-MS quantitative imaging method was developed by 
using gelatin plus standard solution to prepare a self-made reference material containing 100 μg/g of U and Th, overcom-
ing the inhomogeneity of the raw animal tissue standard. Then the elemental spatial distribution of kidney and liver tissues 
from mice were revealed by using LA-ICP-MS method. The results showed that U accumulated mainly in the kidney and 
slightly in the liver, while most of Th was distributed in the liver and few of that in kidney. It was found that U and Th were 
heterogeneously distributed in kidney section while homogeneously distributed in liver section.

Keywords Uranium · Thorium · Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) · 
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Introduction

Radioactive elements are widely distributed in nature and 
exist in ores, soil, natural water, and atmosphere. Human 
activities, such as mining, nuclear processing and agricul-
ture, can alter their geological distribution and release them 
into the environment, resulting in health risks [1]. Uranium 
(U) and thorium (Th) are considered global environmental 
contaminants due to their radioactivity and chemical toxic-
ity. There are different routes to introduce U and Th into 
the human body, such as through ingestion, inhalation and 
wound-related absorption, and their risk to human health 
arises from their ability to accumulate in human tissues. 

Significant accumulation of U in the kidneys, spleen, thy-
mus and sternum of mice can be observed after 4 months of 
U-containing feed [2]. Th exposure study in mice showed 
that thorium stimulates the damage of lung, liver, and kidney 
by changing the antioxidant system [3].

Information on the spatial distribution of elements is 
important for understanding their migration, toxicity mech-
anism and other effects in organisms, and studies related 
to biological imaging have received great attention [4, 5]. 
Various bio-imaging techniques have been used to the study 
of the spatial distribution of elements, such as synchrotron 
radiation micro-X-ray fluorescence (SR-μXRF) [6], sec-
ondary ion mass spectrometry (SIMS) [7], particle-induced 
X-ray emission with microprobe (µ-PIXE) [8], and laser 
ablation-inductively coupled plasma-mass (LA-ICP-MS) 
[9–11]. The detection limits of μ-PIXE and μ-XRF were 
1–10 μg/g and 0.1–1 μg/g, and the spatial resolutions were 
0.2–2 μm and 0.1–1 μm, respectively [12], however, their 
applications are limited by the accessibility of the equip-
ment and the operating cost. Quantitative SIMS analysis is 
difficult due to matrix effects and polyatomic ion interfer-
ence. In addition, sample preparation for SIMS, µ-PIXE and 
μ-XRF requires much effort due to need to operate under 
high vacuum. In contrast, LA-ICP-MS, which can provide 
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multi-element detection with significantly spatial resolution 
(normally 5–150 μm [12]) and high sensitivity, is relatively 
inexpensive, and the instrumental operation and sample 
preparation are much simpler. In recently years, LA-ICP-MS 
has been widely used to study local distribution of essential 
or toxic elements such as copper (Cu), iron (Fe), cadmium 
(Cd), silver (Ag), and lead (Pb), and U of various biological 
samples [9, 10, 13–18]. Studies have shown that LA-ICP-
MS has higher sensitivity than SR-μXRF when applied to 
imaging tungsten (W) and zinc (Zn) in bone tissue of mice 
[15], as well as  La2O3 nanoparticles in plant leaves [17].

One of the main challenges for quantitative imaging 
of biological tissue by LA-ICP-MS is the lack of matrix 
matched standards for calibration. The number of com-
mercially available matrix matched multi-element stand-
ard is very limited. A research focused on the study of the 
U content in different regions of mouse kidney sections 
with LA-ICP-MS, used prepared external standards using 
homogenized chicken liver as a substrate, but no information 
regarding the imaging of kidney sections was provided [18]. 
Another study proposed quantitative imaging of rat kidney 
sections by LA-ICP-MS using thulium-spiked gelatin as an 
internal standard and homogenized U-added rat kidney as an 
external standard [9]. The preparation of standards from raw 
animal tissues was time-consuming, the homogeneity was 
disputable, while the complex preparation process could also 
reduce the reproducibility and traceability of the obtained 
standards [9, 18]. Therefore, there is an urgent need for fast 
and reliable multi-element reference materials. Gelatin-
based standards can be easily prepared and can simulate 
the properties of the biological tissues, facts which make 
them suitable to be used as standard matrix. Due to element-
dependent heterogeneity in the preparation of gelatin-based 
films, the distribution of elements in gelatin standards may 
be uneven. It was demonstrated that heterogeneity problems 
that might occur while preparing gelatin based multi-ele-
ment calibration standards can be overcome by optimizing 
the drying/setting conditions [19]. Within the mentioned 
study, it was developed a homogeneous, matrix-matched 
standard preparation procedure for quantitative LA-ICP-
MS imaging of protein samples of animal or human origin.

The homogeneity of U/Th spiked standards using gelatin 
and feasibility for LA-ICP-MS imaging of animal tissues 
has not been thoroughly studied until the present moment. 
And there has not yet been any procedure using LA-ICP-
MS to obtain the distribution of Th in animal tissues. In 
addition, small areas (e.g., < 1 mm scale) analyzed by LA-
ICP-MS may differ significantly from the concentration of 
the whole organ, thus bioimaging the larger areas (whole 
organ sections, cm scale) would be more significant. There-
fore, this study proposes a rapid and simple quantitative 

imaging method of using LA-ICP-MS to image U and Th in 
the whole sections of mouse tissues. Multi-element stand-
ards, including U and Th, were prepared on gelatin matrix, 
and their accuracy and homogeneity were evaluated. LA-
ICP-MS parameters such as laser energy, scan speed, and 
washout time were optimized to acquire the distribution 
of U and Th in whole kidney thin sections (approximately 
0.7 × 1.1 cm) within 3 h. To further verify its feasibility, we 
also imaged Fe, Cu and Zn in kidney sections, as well as U 
and Th in liver sections.

Experimental

LA‑ICP‑MS imaging

A double-focusing sector field inductively coupled plasma 
mass spectrometer (Attom, Nu instrument, Wrexham, UK) 
with a 193 nm ArF excimer-based laser ablation system (LA, 
excite, Teledyne Photon Machines, USA) was used for all 
the analysis. The LA system was equipped with a HelEx 
two-volume ablation cell (Teledyne Photon Machines, 
USA), which was coupled to the ICP torch. The ICP-MS 
and the LA unit operated synchronously in external trig-
ger mode, and the two-volume ablation cell with an aerosol 
rapid introduction system can improve the resolution of ele-
ment imaging. High purity helium (99.999%) was used as 
carrier gas to deliver the aerosol generated at the ablation 
site on the sample surface to the ICP-MS. Before enter-
ing the ICP-MS system, the He gas flow was mixed with 
high purity argon (99.999%) make-up gas flow. The time-
resolved analysis (TRA) mode was used in all experiments, 
and 10 s gas blank signal was recorded before each line scan 
to establish the baseline level. Instrumental and optimized 
experimental parameters for LA-ICP-MS bioimaging are 
summarized in Table 1.

Routine performance check and fine tuning of the LA-
ICP-MS system was performed by ablating NIST 610 refer-
ence material (National Institute for Standards and Tech-
nology, USA) to ensure maximum U signal intensity and 
a U/Th signal ratio close to 1. Self-made gelatin standards 
(see below) were used for calibration and instrument drift 
compensation. Two replicate line scans of the gelatin stand-
ard were performed before and after the analysis of tissue 
section samples. To obtain two-dimensional images of the 
elemental distribution, tissue sections of mice (see below) 
were ablated progressively in a unidirectional line scan mode 
with no space between lines. Raw data were imported into 
the Iolite software (v 4.0) and converted into images. The 
length and width of the ablation areas were set in the soft-
ware to obtain images with accurate shape.
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Gelatin standard

Multi-element calibration standards of 100 μg/g U and Th 
were prepared employing a similar process proposed by Šala 
et al. [19]. A mixture of 0.2 g gelatin (porcine-skin gelatin, 
type A, bloom strength 300, Sigma-Aldrich, USA), 20 μL of 
U standard solution (1000 μg/mL, SPEX CertiPrep, USA), 
20 μL of Th standard solution (1000 μg/mL, SPEX Cer-
tiPrep, USA), and Milli-Q water (18.2 MΩ·cm, Millipore, 
France) were added to a 2 mL tube, and a homogeneous 10% 
(m/v) spiked gelatin solution was made at 65 °C for 30 min. 
Hot gelatin solutions (20 μL each) were carefully drop-
casted onto adhesion microscope slides (CITOTEST, China) 
using a Gilson micropipette, and the slides were transferred 
to a petri dish and dried at 100 °C for 1 h in a mechanical 
convection oven (XMTD-8222, Shanghai JingHong Labora-
tory Equipment Co., China). The prepared gelatin standards 
were stored at 4 °C before use. To determine the average 
concentrations of U and Th, gelatin standards were digested 
with 2 ml 68%  HNO3 at 65 °C using a graphite digestion 
device for 30 min and analyzed by solution ICP-MS.

Biological samples preparation

The Female Kunming mice (6–8 weeks, 30 ± 2 g) were used 
for the in vivo biodistribution assays. All animal assays 
were approved by the Animal Care and Use Committee of 

Soochow University and were conducted in according to the 
National Institutes of Health guidelines. These animals were 
intravenously injected with uranyl nitrate solution or thorium 
nitrate solution (15 mg/kg body weight) and sacrificed 3 h 
after the injection. The kidney and liver were collected from 
the uranium and thorium exposed mice, respectively, and 
then fixed in formalin, embedded in optimal cutting tempera-
ture compound (OCT), and cut into 50 μm-thick sections 
on a cryostat (Leica CM1900). The obtained cryo-sections 
were mounted directly onto adhesion microscope slides (Shi-
tai, China) and stored at − 20 °C until used for LA-ICP-MS 
analysis. Among these samples, the kidney from one of the 
U-exposed mice was used for the repeatability experiment 
of the LA-ICP-MS imaging method. Quantitative elemental 
imaging experiments were performed on the kidneys and 
livers of two other mice exposed to U or Th.

Results and discussion

Evaluation of the gelatin standards

The gelatin reference material is prepared by dropping the 
hot spiked gelatin solution onto a glass slide. Due to the so-
called “Marangoni” effect or “coffee stain” effect [19] and 
the possibility of loss or contamination of added elements, 
the homogeneity of element distribution and the accuracy 
of element concentration in the gelatin standards are of vital 
importance.

Four dried gelatin standards (see Fig. 1a) with a diameter 
of about 6 mm were randomly line-scanned (length 2.5 mm) 
to study the distribution of U and Th in gelatin. The gela-
tin standards were thick enough (~ 100 μm) that only their 
surfaces were ablated. The profiles of the signal intensity of 
U and Th, which were relatively stable, were illustrated in 
Fig. 1b. The signal relative standard deviations (RSDs) of 
gelatin standards were calculated and listed in Fig. 1c. As 
can be seen, for the four gelatin standards tested, the aver-
age RSDs of the signal intensities of U and Th in one-line 
scan were 10.8 and 13.0%, respectively, and for their average 
signal intensities, the RSDs were 1.9 and 2.7%, respectively. 
These results indicated that the gelatin standards had good 
homogeneity and reproducibility, in comparison with the 
gelatin standards that were presented in [20]. In the above-
mentioned case, a mold-prepared procedure was needed, 
such that to improve the uniformity of the standards. In 
this experiment, adhesive microscope slides were used, as 
it was previously found that dried gelatin films were eas-
ily detached from normal glass slides, and the obtained dry 
gelatin films were essentially round (see Fig. 1a), although 
the shape of the gelatin droplets appeared hemispherical due 
to the presence of surface tension. This approach was much 
simpler and ensured sufficient homogeneity.

Table 1  Instruments and optimized experimental parameters

LA-ICP-MS

ICP-MS instrument ATTOM (Nu instrument, UK)
Plasma RF power 1300 W
Cooling gas 14 L/min
Auxiliary gas 0.6 L/min
Make-up gas 0.5 psi
Scanning mode Linked scan
Acquisition cycle 0.22 s
Mass resolution m/Δm = 300
Monitored isotopes 28Si, 57Fe, 63Cu, 

66Zn, 232Th, 238U
LA instrument Analyte excite (Teledyne 

Photon Machines, USA)
Laser ArF Excimer Laser
Wavelength 193 nm
Laser energy 2 mJ
Laser spot size 50 μm
Scan speed 200 μm/s
Repetition rate 20 Hz
Carrier gas 0.6 L/min
Pulse length  < 4 ns
Washout time 0.9 s
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To quantify the concentrations of U and Th in the self-
made gelatin standards, four gelatin standards were digested 
with concentrated  HNO3 and determined by solution ICP-
MS. The U concentration and Th concentration in the spiked 
gelatin standards were 104 ± 2 μg/g and 102 ± 4 μg/g, indi-
cating that the recoveries were both close to 100% and that 
there was essentially no contamination or loss of the target 
elements during the preparation of the standards.

Optimization of LA‑ICP‑MS parameters

Spatial resolution, sensitivity and analysis time are key fac-
tors for the quality of LA-ICP-MS imaging, and they are 
mainly affected by analysis parameters such as laser spot 
size, laser energy, scan speed and washout time. In this 
study, the laser energy and scanning speed were investigated 
by ablating kidney tissue sections, while the washout time 
was searched using the self-made gelatin standards. The 
optimized parameters have been shown above in Table 1.

The laser energy affects the depth of ablation and deter-
mines whether the sample can be effectively ablated. Lower 
laser energy may result in lower signals, due to the smaller 
amount of ablated material obtained, while higher laser 
energy may lead to complete penetration of the sample or 
larger material deposition on the sample surface, resulting 
in contamination and affecting the results of the elemen-
tal distribution analysis [13]. To evaluate the laser energy 

conditions, two adjacent lines (2 mm each) in the same 
region of a kidney tissue section were ablated with 50 μm 
laser spot size, 50 μm/s scan speed, and 20 Hz repetition 
rate. Three consecutive laser line scans were carried out on 
each line. For the laser energy of 3 mJ, the U signal of the 
second laser scan dropped sharply to 2.7% of the first laser 
scan (see Fig. 2a), indicating that the tissue section was com-
pletely penetrated during the first laser scan. The small U 
signal at the second laser scan was most likely caused by 
the redeposition of a fraction of the ablated particles on the 
sample surface [21]. Moreover, the signals of 28Si measured 
at the first and the second laser scan (see Fig. 3a) were of 
the same order as those on the glass slide (see Fig. 3b, pur-
ple line), which indicated that the glass slide was probably 
ablated at the first laser scan in this case. On the other hand, 
when the laser energy was 2 mJ, the U signals tended to 
decrease more slowly, and the signal intensity of the second 
scan reached 14.2% of the first scan (see Fig. 2b). In addi-
tion, the signal of 28Si at the first ablation were in the same 
order as that of the background of the carrier gas mixed with 
the make-up gas (data not shown). These results indicated 
that the laser energy of 2 mJ ensures adequate ablation of 
tissue sections with minimal ablation of the glass slides.

The laser spot size is directly related to the signal inten-
sity and the resolution. Due to the increase of the ablation 
amount of the material, the signal intensity (sensitivity) of 
the analyzed element increases with the increase of the laser 

Fig.1  Photographs of gelatin (a) before (top row) and after (bottom row) drying, intensity profiles (b) and RSDs (c) of U and Th for line-
scanned gelatin standards
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spot size. Scan speed has a direct influence on the resolution. 
The reduction in laser spot size and scan speed will lead to 
longer analysis time, which not only increases the analysis 
cost, but also leads to signal instability or instrumental drift, 
while the image resolution may not be significantly improved 
[22]. Generally, the imaging spatial resolution of LA-ICP-
MS in biological samples is in the range of 5 ~ 150 μm [12]. 
A laser spot size of 50 μm was chosen in all the experi-
ments to ensure sufficient imaging resolution and keep 
the total analysis time within a reasonable range. Imaging 
experiments were performed on areas of 1.5 mm × 1.5 mm 
at scan speeds equal to 1, 2, 3, 4 and 5 times of the laser 
spot size per second, using 2 mJ laser energy, 50 μm spot 
size, and 20 Hz repetition rate. When the spot size, scan 
area, acquisition cycle and other parameters are constant, 
the scan speed affects the number of data points (one pixel 
represents one data point), thus affecting the number of pix-
els and resolution. At scan speeds of 50 and 100 μm/s, as 
shown in Fig. 4(a) and (b), more data points were acquired, 

resulting in images with more pixels and higher resolution. 
In Fig. 4 (c–e), the shape of each pixel was closer to a square 
at scan speeds of 150 and 200 μm/s, while it was a horizon-
tal rectangle when the scan speed was 250 μm/s. When the 
scan speed is very slow, the total analysis time could be too 
long and may lead to over-sampling, while too fast a scan 
speed may lead to data loss and resolution loss [23]. As a 
result, a scan speed of 200 μm/s was chosen for subsequent 
experiments to compromise the imaging resolution and the 
analysis time. In this study, if the total analysis time for a 
whole kidney tissue section were to become longer, it would 
introduce uncertainties caused by instrument signal drift due 
to the lack of a suitable internal standard.

The imaging quality of LA-ICP-MS is also affected by 
the washout time of the ablation cell, which is calculated 
from the transient signal, that is, the time required for the 
signal to go from 100 to 1% after the laser stops firing [24]. 
A “blurred” image may arise from increased washout time, 
which increases the interference of the signal from the 

Fig. 2  The intensity of U corresponding to the number of ablations at the same line for 3 mJ (a) and 2 mJ (b). Error bars 1SD

Fig. 3  Signal profiles of 28Si obtained by LA-ICP-MS line scan. (a) line scan of kidney tissue section on the same line at laser energy of 3 mJ, 
(b) line scan of glass slide at different laser energies
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previous data point on the next data point. In this study, the 
washout time as a function of He flow rate was assessed by 
analyzing the U signal in the two-volume ablation cell. It can 
be seen from Fig. 5 that as the He flow rate increased from 
0.3 to 0.6 L/min, the washout time gradually decreased from 
1.6 to 0.9 s, while the U signal increased rapidly due to the 
increase of sample transfer rate, and it was relatively stable 
when He flow rate was greater than 0.5 L/min, indicating 

that almost all the aerosols generated by laser ablation were 
delivered to the detector. Therefore, the He flow rate was set 
at 0.6 L/min. The washout time of the ablation cell used in 
this study was equivalent to or slightly better than most of 
commercial applied ablation cells [25, 26].

Repeatability of the LA‑ICP‑MS bioimaging method

Using the optimized instrumental parameters described 
above, the imaging analysis of a whole kidney tissue sec-
tion can be completed in a relatively short time of about 
3 h, which can prevent signal drift of the instrument. To 
verify the reliability of these parameters, the repeatability 
of U imaging was studied by analyzing two sections of the 
same kidney from one mouse injected with U. Moreover, the 
distribution of the essential elements such as Fe, Cu and Zn 
that were of great concern in the kidney sections were also 
investigated simultaneously to further display the capabil-
ity of the LA-ICP-MS for multi-element imaging under the 
same condition. Because of their unique importance for life, 
elemental imaging of Fe, Cu and Zn can provide crucial 
information. Moreover, it has been shown that the inges-
tion of heavy metals may lead to changes in the distribu-
tion of these essential elements in tissues, so it is of interest 
to image these essential elements simultaneously in future 

Fig. 4  U images were obtained at different scan speed: (a) 50 μm/s; (b) 100 μm/s; (c) 150 μm/s; (d) 200 μm/s; (e) 250 μm/s. Scale bars = 0.1 mm

Fig. 5  Effect of He flow rate on U signal intensity and washout time. 
Error bars 1SD
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experiments to investigate the biochemistry of uranium and 
thorium [27–29].

Images based on the raw signal intensity were produced 
for each of the measured elements. The results, as shown 
in Fig. 6, indicated that the images of each element exhibit 
certain patterns and the resolution obtained can clarify the 
distribution of these elements in the kidney structure. By 
comparing the results from the replicated sections (U-1 and 
U-2) of the same kidney, it can be found that the distribu-
tion and signal intensity of U, Fe, Cu and Zn in both sec-
tions were similar, respectively, and their expected slight 
differences may be due to the heterogeneity of the organ. 
The results demonstrated that the elemental imaging was 
reproducible under the optimized conditions obtained above.

The element images also showed that elements were not 
uniformly distributed in the kidney tissue of mouse, and the 
distribution of U in the kidney differed from that of essential 
elements. To date, several studies have investigated the dis-
tribution of nutrient elements in the kidney of mice exposed 
to U. In this study, Fe was mainly distributed in the medulla 
and outermost layer of the cortex, Cu was mainly distributed 
in the medulla, and Zn tended to accumulate in the outer 
stripe of medulla and the inner stripe of the cortex. It has 
been reported that after exposure to U, Fe was localized in 
the inner stripe of the outer medulla, and Zn was uniformly 
distributed in the cortex and the outer stripe of the outer 
medulla [29]. Exposure to U contamination will affect Fe 
metabolism and change the distribution of Fe in the kidney 

Fig. 6  Evaluation of the LA-ICP-MS bioimaging method. Element images of replicate tissue sections U-1 (a, b, c, d) and U-2 (e, f, g, h) of the 
same kidney of the mouse exposed to U. The color scales indicate the obtained signal intensities in cps
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[27]. Studies have shown that Fe deposition in renal medulla 
of mice increased significantly after exposure to depleted 
uranium [27, 28]. However, the distribution results of Fe 
and Cu were inconsistent with previous studies of normal 
mouse kidneys measured by μ-XRF [30]. This study would 
contribute to further understanding of the mechanism of U 
toxicity. Although multi-elements simultaneous imaging 
can be considered as a great challenge for biological image 
acquisition, the developed LA-ICP-MS bioimaging method 
was reliable and can be used for multi-element analysis of 
kidney sample at tissue level.

Quantitative bioimaging of U and Th

Quantitative imaging of kidney and liver sections from 
U-exposed or Th-exposed mouse were studied using self-
made gelatin standards by a one-point calibration method. 
Quantitative results were obtained by comparing the signal 
intensities of the elements in samples and standards contain-
ing 100 µg/g U and Th, respectively. Carbon was not used as 
an internal standard in the quantification because the signals 
of carbon were different in tissue and gelatin, and it is not 
uniformly distributed in tissues. Moreover, it has been shown 
that carbon was not an ideal internal standard for bioimaging 
because the ablation behavior of carbon containing samples 
was complex [31]. As shown in Fig. 7, the images obtained 
under the optimized conditions of this study clearly showed 
the heterogeneous distribution of U and Th in the whole 
kidney tissue section, respectively.

According to previous studies, U accumulates mainly in 
the outer medullary region and proximal tubules of mice 
kidneys, which locate mainly in the cortex [32]. In the whole 
kidney tissue section of Fig. 7a, the average U concentration 

was 331 μg/g. Six areas (0.2–0.5   mm2) were randomly 
selected in the cortex and medulla, respectively, and the aver-
age U concentrations were 317 ± 40 μg/g and 194 ± 61 μg/g, 
indicating that the average U concentration in the cortex 
was almost twice as high as that in the medulla. However, 
the average U concentration in eleven random locations in 
the highly concentrated areas was 4300 ± 1448 μg/g, which 
was up to 13-fold higher compared with the whole kidney 
tissue section U concentration. The U concentration in the 
highly concentrated locations, i.e., the proximal tubule of the 
inner zone of the cortex and in the outer strip of the outer 
medulla, could even be as high as 6602 μg/g. These results 
were consistent with the data obtained in previously pub-
lished reports [33–35]. SR-μXRF and μXAFS analysis of U 
accumulation in the kidneys of rats exposed to uranyl acetate 
(0.5 mg/kg body weight) also showed that U was distributed 
in the inner cortex and outer stripe of the outer medulla of 
the kidney, and in one U-concentrated area, a maximum U 
concentration of 959 μg/g was measured [6]. Using SR-XRF 
to determine U accumulation in the kidneys of U exposed 
mice, it was found that after subcutaneous injection of 2 mg 
U/kg uranium acetate for 3 h, U was mainly distributed in 
the proximal tubule of the inner zone of the cortex and in 
the outer stripe of the outer medulla [33]. In particular, 
the results of Fig. 7a were in excellent agreement with the 
quantitative results obtained by Grijalba [9] using LA-ICP-
MS, which used both thulium-added gelatin as an internal 
standard and homogenized U-spiked rat kidney as external 
standards, while the quantification method used in this study 
was much simpler.

On the other hand, the average Th concentration in the 
whole kidney tissue section was only 36 μg/g (see Fig. 7b). 
Similarly, for six randomly selected areas in the cortex and 

Fig. 7  Elemental distribution 
images on kidney tissue sections 
from mouse exposed to U (a) 
or Th (b) 
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medulla, respectively, the average Th concentrations were 
36 ± 6 μg/g and 21 ± 4 μg/g, thus the Th concentration in the 
cortex was nearly twice as high as the Th concentration in 
the medulla, which is similar to the trend of U obtained in 
the present study. However, it was clear that although both 
the injection of U and Th were 15 mg/kg body weight, the 
concentration of U in the kidney was an order of magnitude 
higher than that of Th, which was consistent with the fact 
that the kidney is the target organ for the accumulation of 
element U.

On the contrary, the concentrations of U and Th in the 
liver sections of mice sections had opposite trends (see 
Fig. 8). The concentrations of U and Th in the liver of 
U-exposed and Th-exposed mice were approximately 7 μg/g 
and 1300 μg/g, respectively. Moreover, unlike in the mice 
kidney sections, there were no specific pattern in the images 
of U and Th in the liver sections, suggesting that the distri-
bution of U and Th in the liver was relatively homogene-
ous. This may be related to the fact that anatomically and 
physiologically, the liver is considered to be a homogene-
ous organ. The elemental distribution results were consistent 
with previously reported elemental imaging results of Pb 
exposed mice [12].

Conclusions

A new method based on LA-ICP-MS was developed and 
applied to the elemental imaging of tissue sections of mice 
exposed to U or Th. U and Th spiked gelatin was used as the 
standard material, and the effects of parameters such as laser 
energy, scan speed and washout time on the lateral resolution 
were investigated. Elemental imaging of U, Fe, Cu and Zn 
in parallel samples demonstrated that the new method has 
excellent repeatability and can clearly showed the inhomo-
geneous distribution of these elements. Quantitative imaging 
proved that U accumulated mainly in the kidney and slightly 
in the liver, while Th accumulated mainly in the liver and 
few in the kidney. In conclusion, we reported for the first 

time that U and Th exhibit similar distribution trend in the 
kidney sections of mice. Quantitative imaging analysis of 
tissue sections of U or Th exposed mice using LA-ICP-MS 
helps to further understand the effect of U or Th on the bio-
chemical metabolism of mice. Further studies on the bio-
chemical behavior under conditions of long-term exposed of 
low doses of U or Th are underway in our laboratory.
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