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for measuring Hg in human blood using dried blood 
spots (DBS). For method development, we investi-
gated the influence of different storage conditions 
(temperature, storage vessel, time) on DBS samples.  
For method validation, we compared DBS and venous  
blood and investigated whether DBS sampling is suit-
able for measuring Hg in the general population in  
countries with low Hg exposure such as Germany. 
Based on our results, we found that pre-cleaned glass 
tubes were most suitable for storage of DBS sam-
ples, as this allowed the samples to remain stable for 
at least 4  weeks even at high temperatures (40  °C). 
When comparing venous blood and DBS, a very good  
correlation (r = 0.95, p < 0.01, Spearman-Rho) and 
high precision of DBS (mean relative standard devi-
ation 8.2% vs. 7.2% in venous blood samples) were 
observed. Comparing the recoveries of both matri-
ces in different concentration ranges, the variation 
of the recoveries decreases with increasing Hg con-
centration. The mean recoveries also decreased with 
increasing Hg concentration. Overall, we found com-
parable results for DBS and  venous blood using direct  
Hg analysis. Furthermore, we demonstrated that DBS 
are suitable for Hg biomonitoring in the general pop-
ulation in Germany and improved the storage condi-
tions for the DBS.

Keywords Mercury · Biomonitoring · Dried blood 
spots · Microsampling

Abstract Venous blood is a preferred matrix for 
the determination of total mercury (Hg) in human 
biomonitoring but has some drawbacks such as the 
requirement for an uninterrupted cold chain for trans-
port and storage and the need of medical person-
nel for sample collection. Therefore, we tested and 
implemented a simpler and less expensive method 
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Introduction

Mercury (Hg) is a toxic metal and a hazard for 
humans and the environment (UNEP,  2013). Even 
low exposure to Hg has negative effects on the 
health of humans, e.g., on cardiovascular, repro-
ductive, renal, and central nervous systems, and, in 
particular, during pregnancy and infanthood, cogni-
tive development can be disturbed at low levels of 
exposure (Afrifa et  al., 2019; Bose-O’Reilly et  al., 
2010; Genchi et al., 2017). To be able to study these 
associations in detail, simple methods to sample Hg 
in those populations, e.g., newborns, are needed. Hg 
can occur in the elemental, inorganic (e.g.,  HgCl2), 
or organic form (e.g., methylmercury), with each 
species having different toxicodynamic properties 
(Bernhoft, 2012; Bose-O’Reilly et  al., 2010). The 
major anthropogenic sources of Hg emissions are 
the burning of fossil fuels and artisanal and small-
scale gold mining (ASGM) activities (UNEP, 2019). 
In ASGM areas, the use of elemental Hg is a major 
source of Hg exposure (Bose-O’Reilly et al., 2017; 
Nyanza et al., 2019; Sundseth et al., 2017). In high-
income countries, the main source of Hg exposure 
is the consumption of fish, e.g., tuna, which may 
contain a high amount of organic Hg due to the 
accumulation in the food chain (Bose-O’Reilly 
et al., 2010; Sundseth et al., 2017).

To assess Hg exposure in human blood, venous 
blood sampling represents the current gold stand-
ard. Challenges in using venous blood as a sam-
ple material include the necessary availability of 
trained medical personnel and the maintenance of 
an uninterrupted cooling chain prior to laboratory 
analysis. This may lead to relatively high logisti-
cal efforts and costs. Furthermore, venipuncture is a 
more invasive technique compared to other methods 
of specimen collection and is ethically concerning 
for certain populations such as infants and children 
(Basu et al., 2017, 2018; Funk et al., 2015; Nyanza 
et  al., 2019; Ostler et  al., 2014; Santa-Rios et  al., 
2020). As an alternative to venous blood sampling, 
dried blood spot (DBS) sampling can be used for 
Hg biomonitoring (Basu et  al., 2017; Chaudhuri 
et al., 2009; Funk et al., 2013, 2015; Nelson et al., 
2016; Nyanza et  al., 2019; Perkins & Basu, 2018; 
Santa-Rios et al., 2020). Here, capillary blood, e.g., 
from the finger, is collected on special filter cards. 

In contrast to venous blood sampling, only a few 
drops of blood (approximately 60 µl per circle) are 
needed. DBS sampling usually do not require cool-
ing, extensive storage space, or even medically 
trained personnel, therefore increasing the feasibil-
ity of this method for studies of large populations 
or in remote areas with limited laboratory infra-
structure (Basu et al., 2017; Chaudhuri et al., 2009; 
Lehmann et al., 2013; McDade et al., 2007; Nelson 
et  al., 2016; Ostler et  al., 2014; Santa-Rios et  al., 
2020).

So far, only three studies compared DBS with 
venous blood sampling for human biomonitoring of 
Hg (Funk et al., 2015; Nyanza et al., 2019; Santa-Rios 
et al., 2020). One study found a relationship between 
venous blood and DBS, but it was confounded by the 
high background contamination of DBS cards, which 
is why the authors considered the retrospective use 
of DBS without pre-cleaning of the cards inappropri-
ate (Funk et  al., 2015). A second study showed that 
the Hg levels in DBS samples from pregnant women, 
who live in an ASGM area, were comparable to 
venous blood levels (Nyanza et  al., 2019). Further-
more, it was demonstrated that DBS are comparable 
to associated venous blood levels with samples from 
low exposed persons, too, when methylmercury and 
inorganic mercury were analyzed using gas chro-
matography-cold vapor atomic fluorescence (GC-
CVAFS) (Santa-Rios et  al., 2020). However, DBS 
sampling has so far not been used for biomonitor-
ing of total Hg in blood in the general population in 
countries with an expected low exposure, e.g., Ger-
many, in combination with direct Hg analysis. The 
implementation of DBS sampling for Hg biomonitor-
ing comes with multiple challenges such as the back-
ground contamination of DBS cards as well as poten-
tial contamination or loss of Hg during sampling, 
transport, and storage (Basu et  al., 2017; Chaudhuri 
et al., 2009; Funk et al., 2013, 2015; Lehmann et al., 
2013; Nyanza et al., 2019; Santa-Rios et al., 2020).

Only few studies dealt with the storage stability of 
Hg in DBS samples (Chaudhuri et  al., 2009; Perkins 
& Basu, 2018; Santa-Rios et al., 2020). In these stud-
ies, Hg in DBS samples was found to generally stable 
under the investigated conditions. However, no studies 
have been carried out on the influence of different stor-
age vessels for DBS, although its storage is an impor-
tant factor for possible contamination of DBS samples.
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The aim of this study was the development and 
validation of a biomonitoring method for total Hg in 
capillary blood using DBS sampling in combination 
with direct Hg analysis. Therefore, DBS and venous 
blood samples were collected from German adults to 
evaluate if both sampling methods will provide com-
parable results. Additionally, the influence of differ-
ent storage vessels on the stability of Hg in DBS sam-
ples was investigated.

Material and methods

Used materials

Hg ICP standard (998 ± 8  mg/l in 10% nitric acid), 
hydrochloric acid (30%) for trace metal analysis, and 
nitric acid (65%) for trace metal analysis were obtained 
from Merck (Darmstadt, Germany). Whatman® 903 
protein saver cards for DBS sampling were obtained 
from Sigma-Aldrich (St. Louis, USA). Disposable 
lancets (Solofix®) from B. Braun (Melsungen, Ger-
many) were used for fingerpricks. LDPE plastic zip 
lock bags (22 × 16 cm) for DBS storage were obtained 
from Buerkle (Bad Bellingen, Germany). Borosilicate 
glass tubes with plastic screw caps (98 × 16 mm) for 
DBS storage were obtained from Schuett-biotec (Goe-
ttingen, Germany). Certified reference materials for 
blood (ClinChek®, RECIPE, Munich, Germany) from 
different batches were used for stability experiments 
(Hg concentration: 2.5 µg/l and 8.4 µg/l) and quality 
control during the analysis of the participants’ DBS 
samples (Hg concentration: 2.9 µg/l).

Storage stability of Hg in DBS

In order to investigate the influence of different stor-
age conditions on Hg levels in DBS, fresh venous 
blood from one volunteer was used for the following 
experiments. In detail, three spots of one DBS card 
were spiked with 55 µl blood in order to be within the 
circled line and dried for 2 h at room temperature. To 
test the influence of the storage vessel, the prepared 
DBS cards were individually stored in plastic bags, 
untreated glass tubes, and glass tubes that had been 
pre-cleaned with an aqueous mixture of hydrochlo-
ric and nitric acid (each 5%, v/v), respectively (Fig-
ure S1). In detail, the glass tubes were filled with 5 ml 

acid mixture and put on a roll mixer for 2 h. After-
wards, the tubes were rinsed twice with ultrapure 
water and dried at 100 °C in an oven. In order to store 
DBS samples in the glass tubes, the DBS spots were 
cut out approximately 5  mm below the circled line 
using an acid-washed stainless steel scissor. To test 
the influence of the storage temperature, each storage 
vessel was stored at − 20  °C, room temperature, and 
40 °C for 1, 2, and 4 weeks, respectively. Every sin-
gle experiment was conducted in duplicate. As a ref-
erence, Hg levels were additionally analyzed in DBS 
cards prepared in the same way as described above 
immediately after drying. Furthermore, the stability 
of Hg in DBS was also tested using certified reference 
material for blood Hg concentration: 2.5  µg/l and 
8.4  µg/l, storing the prepared DBS cards in plastic 
bags at 40 °C for up to 4 weeks.

Application of DBS for human biomonitoring of Hg

Study design

This proof-of-principle study was conducted at the 
Institute and Clinic for Occupational, Social and 
Environmental Medicine, LMU University Hospi-
tal Munich. The study was carried out in accordance 
with the Code of Ethics of the Declaration of Hel-
sinki for experiments involving human subjects and 
reviewed and approved by the ethics committee of the 
Ludwig Maximilians University of Munich (20–091). 
Participants had to be at least 18  years old and no 
individual restrictions for venous and capillary blood 
sampling. In total, 53 participants were randomly 
recruited at the Institute and Clinic of Occupational, 
Social and Environmental medicine at the LMU Uni-
versity Hospital Munich in June and July 2020. Prior 
to the sampling, each participant was informed about 
the study and signed an informed consent form. Each 
participant was asked to fill out a questionnaire about 
potential Hg exposure (e.g., fish consumption and 
dental amalgam).

Sample collection

Venous blood samples from all participants were 
collected into 7  ml Lithium-Heparin-coated tubes 
for trace metal analyses (Sarstedt®) and stored 
at − 20 °C until analysis. For DBS sampling, the same 
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participant was asked to wash his hands thoroughly 
to prevent contamination during the sampling. After-
wards, one finger was disinfected and pricked with a 
sterile disposable lancet. The first drop of blood was 
discarded before filling three spots of one DBS card 
with capillary blood. If the blood flow stopped before 
the circled area of three spots was completely filled, 
another finger was punctured with the consent of the 
participant. The DBS samples were dried for 2  h at 
room temperature. To test the influence of storage on 
real samples, some DBS samples (n = 18) were ana-
lyzed immediately after drying. The remaining sam-
ples (n = 32) were stored for 1 week at room tempera-
ture in a pre-cleaned glass tube as described above.

Sample analysis

All samples were analyzed by direct Hg analysis 
using a DMA80-evo® instrument (MLS Mikrow-
ellen-Labor-Systeme GmbH, Leutkirch, Germany). 
Hg was detected by atomic absorption at 253.5  nm. 
The quantification was based on an external calibra-
tion. Before every analysis series, the sample boats 
were preconditioned to avoid interference by residual 
Hg. For venous blood, 100  µl blood were directly 
pipetted into the sample boats and analyzed. Each 
venous blood sample was at least analyzed in tripli-
cate. For DBS, three completely filled circles were 
punched out using a pre-cleaned 0.5-inch stainless 
steel paper puncher. The punched circles, which 
contained approximately 60  µl (specification by the 
manufacturer, 55 µl for stability experiments) blood, 
were individually placed directly into the sample 
boat of the instrument and analyzed to yield three 
individual values per participant. One blank per par-
ticipant was prepared in the same manner using an 
empty circle from the same DBS card. The limits of 
detection (LOD) were 0.02 µg/l for venous blood and 
0.14 µg/l for DBS samples, respectively (for detailed 
information, see Table S1). The limits of quantitation 
(LOQ) were 0.04 µg/l for venous blood and 0.28 µg/l 
for DBS samples, respectively. For quality assurance, 
an aqueous Hg standard solution (10 µg/l) and certi-
fied reference material for blood (Hg concentration: 
2.9 µg/l) were analyzed daily prior to the analysis of 
the samples. Day-to-day variation of the Hg standard 
and certified reference material was less than 10%.

Statistical analysis

For data processing, Excel 2016 was used. Statistical 
analysis was performed with IBM SPSS® Statistics, 
Version 25. Samples below the LOD or the LOQ were 
excluded from the statistical analysis. For evaluation 
of the accuracy of DBS, the recovery was calculated 
from the Hg levels in DBS and venous blood  (HgDBS/
HgVB*100%). Differences in recoveries due to the 
storage conditions were analyzed using single factor 
ANOVA and post-hoc tests (Sheffé, Bonferoni). For 
information about the Hg levels in venous blood and 
DBS samples of the study population, median, geo-
metric mean, minimum, and maximum were used due 
to the non-normal distribution of Hg levels in blood. 
Correlation between Hg levels in DBS and venous 
blood was analyzed by Spearman-Rho test. Jonkheere-
Terpstra tests were performed to evaluate the differ-
ences in the recoveries between individual concen-
tration ranges (Hg levels in venous blood: < 0.5 µg/l, 
0.5–1.0 µg/l, 1.0–1.5 µg/l, > 1.5 µg/l). Data was graph-
ically displayed using bar charts, scatter plots, and 
Bland–Altman plot.

Results and discussion

Storage stability of Hg in DBS

To evaluate the effect of different storage conditions, 
DBS samples were stored in different vessels at dif-
ferent temperatures and for different times. The mean 
Hg level in DBS samples when analyzed directly after 
drying was 0.81 µg/l (100%). In Fig. 1, the recover-
ies of Hg in DBS cards that have been stored under 
different conditions are shown. For pre-cleaned glass 
tubes (a), recoveries varied from 78 to 99% and the 
differences between the groups were not significant. 
For plastic bags, recoveries varied between 70 and 
240%. For storage at − 20 °C and room temperature, 
no significant differences between the groups were 
found. In contrast, recoveries significantly increased 
after 2 and 4  weeks of storage when the samples 
were kept at 40  °C (p < 0.01). Hg recoveries in the 
uncleaned glass tubes showed high variability that 
could not be explained by the storage conditions, 
although mean recoveries were good for the majority 
of the tested conditions (Figure S3).
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Based on these results, we decided to use pre-
cleaned glass tubes for the storage of DBS samples 
in the further course of this study. Consequently, we 
believe that the samples will be stable for at least 
4 weeks, even when stored at 40 °C. Uncleaned glass 
showed good results, too. However, the results sug-
gest that individual glass tubes may be contaminated 
with residual amounts of Hg, e.g., during manufac-
turing, and therefore require cleaning before they can 
be used as containers for DBS samples. The majority 
of previously published studies that use DBS sam-
ples for Hg biomonitoring use plastic bags for stor-
age (Chaudhuri et al., 2009; Funk et al., 2015; Nelson 
et al., 2016; Perkins & Basu, 2018; Santa-Rios et al., 
2020). Although the storage of DBS samples in plas-
tic bags showed satisfying recoveries at − 20  °C and 
room temperature in our experiments, Hg levels were 
significantly elevated when the samples were stored 
at 40  °C. The elevated Hg levels may be explained 
by residual Hg in the bags or ambient Hg that could 
penetrate the plastic bag and bind to the dried blood. 
Other studies recommend the use of metal-free plas-
tic bags or cleaning procedures (Funk et  al., 2015; 
Nyanza et  al., 2019). However, we preferred glass 
tubes to plastic bags, as the handling for cleaning and 
drying of the tubes was relatively simple.

Interestingly, accumulation of Hg in DBS sam-
ples has not been observed when certified reference 
material for blood, which also has been used in sev-
eral other studies, was used instead of fresh blood 
for stability experiments (Figure  S4) (Basu et  al., 
2017; Chaudhuri et  al., 2009; Funk et  al., 2015; 

Nelson et al., 2016; Nyanza et al., 2019; Santa-Rios 
et al., 2020). As blank values were also not affected 
by any storage condition (supplementary material), 
we assume that the accumulation of Hg during stor-
age only affects DBS samples made from freshly 
drawn blood. Consequently, freshly drawn blood, e.g., 
venous blood, should be preferably used for method 
development.

Correlation of Hg in venous blood and DBS samples

In total, 53 participants were recruited. One par-
ticipant was excluded because only one circle on the 
DBS card was completely filled. Two participants 
were excluded because of possible sample contamina-
tion. In contrast, six participants with only two DBS 
spots used for Hg analysis were included in the study. 
Consequently, the data from 50 participants was used 
for further analysis. The results for venous blood and 
DBS samples are shown in Table 1. The Hg levels in 
one venous blood sample were below the LOD, in 
another below the LOQ. For DBS, six samples were 
below the LOQ and therefore excluded from further 
analysis. Stratification of the Hg levels in venous 
blood by gender, age, fish consumption, and den-
tal amalgam fillings can be found in the Supporting 
Information (Table S2). The individual mean Hg val-
ues in venous blood and DBS samples can be found 
in the Supporting Information (Table S3).

Regarding the precision of Hg analysis, venous 
blood sampling was slightly but not significantly 
superior to DBS sampling. Although more than 50% 

Fig. 1  Effect of storage conditions (temperature, time) on the Hg recovery in DBS cards stored in pre-cleaned glass tubes a) or plas-
tic bags b). Each column shows the mean recovery from six individual DBS spots and the error bars (standard deviation)
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samples of both venous blood and DBS showed a rela-
tive standard deviation (RSD) of less than 10%, mean 
RSD of venous blood samples was lower compared to 
DBS (7.2% vs. 8.2%). Furthermore, 94% of the venous 
blood samples were below an RSD of 20% compared 
to 93% of the DBS samples. This may be explained by 
residual Hg in the filter paper. As other studies report, 
residual Hg is likely not homogenously distributed in 
the filter paper, limiting the correction for blank sam-
ples from the same DBS card (Funk et al., 2015). Nev-
ertheless, precision of DBS sampling was relatively 
comparable to venous blood sampling.

The correlation of the Hg levels in venous blood 
and DBS samples is shown in Fig. 2. We found a very 
strong linear correlation between Hg levels in venous 
blood and DBS samples (r = 0.95, p < 0.001, Spear-
man-Rho). This is comparable to what has been found 
by Nyanza et al. (2019) and Santa-Rios et al. (2020). 
The majority of the samples were within the desired 
recovery range between 70 and 130% (75%). Overall, 
recoveries ranged between 62 and 210%. However, 

recoveries of more than 150% were only observed 
for samples with venous blood Hg levels of less than 
0.5  µg/l. The associated Bland–Altman plot (Fig.  3) 
further confirms that DBS sampling and venous 
blood sampling are comparable methods, although 
the results for DBS samples were on average 0.09 µg/l 
lower than what has been found for venous blood sam-
ples (bias). Additionally, the recovery of Hg levels in 
DBS samples depended on the concentration of Hg in 
venous blood. In fact, there was statistically significant 
negative correlation (p < 0.01) between the mean Hg 
level of both methods and the difference between the 
Hg levels in DBS and venous blood samples.

In Fig. 4, the recoveries of DBS samples stratified 
by concentration ranges are shown. Median recover-
ies significantly decreased with increasing Hg levels 
in venous blood (p = 0.001, Jonkheere-Terpstra test). 
Additionally, the variation of the recoveries was low-
est when the Hg levels in venous blood were above 
1.5 µg/l. This may be explained by the fact that resid-
ual Hg on the DBS cards has a higher impact on the 

Table 1  Hg levels in venous blood and DBS samples of the study participants (n = 50)

GM, geometric mean; RSD, relative standard deviation from three individual analysis; LOQ, limit of quantitation; DBS, dried blood 
spots, * samples below the LOD/LOQ were excluded

GM
[µg/l]

Median
[µg/l]

Min
[µg/l]

Max
[µg/l]

Min – Mean – Max RSD*
[%]

 < 20% RSD*
n (%)

Venous blood 0.65 0.87  < LOD 4.35 0.7 – 7.2 – 22.8 45 (94)
DBS 0.67 0.73  < LOQ 3.18 0.0 – 8.2 – 29.8 41 (93)

Fig. 2  Correlation of Hg 
levels in venous blood and 
DBS samples (n = 44). The 
straight line represents the 
identity line; the dashed 
lines delimit the desired 
DBS recovery range of 70 
to 130%

Environ Monit Assess (2021) 193: 488488 Page 6 of 10
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results when the Hg levels in blood are relatively low. 
Furthermore, it appears that results from the DBS 
samples tend to be elevated in samples with venous 
blood Hg levels below 0.5 µg/l. Above 0.5 µg/l, mean 
recoveries were found to be between 84 and 99%. 
Because the impact of residual Hg decreases with 
increasing Hg levels in venous blood, lowest scatter-
ing of recoveries was found in samples above Hg lev-
els of 1.5 µg/l. The fact that the recoveries for DBS 
samples with Hg levels above 1.0  µg/l were below 
100% could be due to a lower blood volume in the 
punched DBS than the estimated 60 µl.

Other studies report the influence of hematocrit on 
the volume of blood in a specific area of DBS card 
and recommend the weighing of punched spots to 
adjust for individual hematocrit values (Mei et  al., 
2001; Nyanza et al., 2019; O’Broin, 1993). However, 
we deliberately did not weigh the punched DBS spots 
because the hematocrit levels in humans are in suf-
ficiently narrow physiological ranges for meaning-
ful results (McDade et al., 2007). Finally, no signifi-
cant difference for Hg recoveries was found between 
direct analysis of the DBS cards after drying (n = 17; 
median recovery: 103%) and analysis after storage 

Fig. 3  Bland–Altman plot 
of the absolute differ-
ences between Hg levels 
in venous blood and DBS 
samples vs. the mean of 
Hg levels in both sam-
ples. The mean differ-
ence (bias, solid line) was 
at − 0.09 µg/l. The upper 
and lower statistical limits 
(0.44 µg/l, − 0.64 µg/l, 
dashed lines) were calcu-
lated by adding 1.96 times 
the standard deviation of 
the calculated differences to 
the mean difference (bias)

Fig. 4  Box plot of the 
recoveries of Hg in DBS 
samples according to dif-
ferent ranges of Hg levels 
in venous blood samples. 
The dotted lines resemble a 
recovery of 70% and 130%, 
respectively. A statistically 
significant negative trend 
for the recovery was found 
with increasing Hg con-
centration in venous blood 
(p < 0.001)
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for 1  week (n= 27; median recovery: 88%). Conse-
quently, the storage of DBS samples in pre-cleaned 
glass tubes successfully prevented contamination.

Strengths and limitations of the study

The application of DBS sampling in combination 
with direct Hg analysis for Hg biomonitoring is the 
key strength of our study. Furthermore, our study 
sheds more light on the stability of Hg in DBS sam-
ples under different storage conditions, especially 
with regard to storage vessels and temperatures. Our 
study also emphasizes the importance of the use of 
fresh blood samples for method development instead 
of certified reference materials.

A limitation of our study is the fact that the exact 
blood volume of each DBS was not adjusted for 
hematocrit levels as suggested in other studies (Basu 
et al., 2017; Funk et al., 2015; Nyanza et al., 2019). 
Nevertheless, Funk et  al. state that estimated blood 
volume sufficient for valid results (Funk et al., 2013). 
Additionally, Hg levels in capillary blood may be dif-
ferent from venous blood, e.g., due to the dilution by 
tissue fluid. Furthermore, the LOQ was too low for 
about 10% of the DBS samples. This is due to the 
relatively low blood volume of 60 µl on one hand and 
varying residual Hg amounts on the DBS cards that 
interfere greatly with low Hg amounts from the sam-
pled blood on the other hand. Nonetheless, the LOQ 
of our method (0.24  µg/l) is, in our opinion, more 
than sensitive enough to identify people with medium 
to elevated Hg levels in blood. However, a better 
sensitivity may be achieved by using pre-cleaned 
DBS cards and ICP-MS for analysis as it has been 
described in other studies (Chaudhuri et  al., 2009; 
Funk et al., 2013, 2015; Nelson et al., 2016; Nyanza 
et  al., 2019). A further limitation of this method is 
that DBS spots cannot be used for the determination 
of other trace elements after direct mercury analysis. 
However, direct mercury analysis of DBS samples is 
a strength of this study.

Conclusion

Since DBS samples in studies and human biomoni-
toring, especially in areas with poor infrastructure, 
usually cannot be measured immediately after sample 

collection, the stability of Hg is an important prerequi-
site for its applicability. Therefore, we investigated the  
stability of Hg in DBS and the optimal storage  
conditions for DBS samples. To the best of our 
knowledge, this study is the first to investigate the  
stability of Hg in DBS samples in different storage 
vessels. We also demonstrated that it is advisable to 
use human blood for method development instead of 
certified reference materials to study the stability of 
Hg in DBS samples during storage. By comparing 
DBS with venous blood sampled under field condi-
tions, we could show that the Hg levels in DBS sam-
ples have comparable precision and good correlation 
to venous blood samples. In conclusion, DBS sam-
pling is a suitable sampling method in combination 
with direct Hg analysis for Hg biomonitoring. DBS 
are therefore an alternative to the common venous 
blood sampling. As DBS sampling only requires 
60  µl capillary blood per spot, compared to several 
milliliters for venous blood sampling, this method 
may be particularly suitable for the Hg biomonitor-
ing of infants and newborns. The second advantage 
is that DBS samples do not require a cooling chain 
and could therefore be used in remote areas, such as 
ASGM areas, to screen the Hg levels of miners. In 
summary, microsampling-assisted Hg biomonitor-
ing may be a useful addition to assess and reduce Hg 
exposure in line with the Minamata convention. How-
ever, more research is required to further improve the 
sensitivity and sample stability of DBS.
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