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I t  is well documented that methylmercury (HeHg) is gradually converted to 
inorganic Hg (Hg-i) in various animal tissues (Norseth and Clarkson 1970a; 
Hehra and Choi ]981). Hg-i, thus accumulated in the tissues, sometimes 
causes adverse effects that are not observed with HeHg i t se l f .  For 
example, renal damage observed in HeHg-treated animals is believed to be 
due to Hg-i biotransformed from HeHg (Fowler 1972). I t  is necessary to 
separate the e f fec ts  of these two mercurial species (organic and 
inorganic) in order to understand the tox ic  ef fects in HeHg-treated 
animals. Since most tissue Hg usually exists in organic form after HeHg 
administration, especially in the case of short-term animal experiments, 
an accurate and selective determination of the Hg-i levels in tissue is 
necessary to know the exact level of this mercurial species. 

Although there are several methods reported for selective determination of 
Hg-i in t issue samples in the presence of HeHg (Norseth and Clarkson 
1970b; Hagos 197]; Hagos and Clarkson 1972; Yamamoto et al. 1980; Konishi 
and Takahashi 1983), their  use is often inconvenient because of time- 
consuming measurements, considerable blank values, or requirement for 
rad io isotopes or spec ia l ized apparatus. This paper describes a 
convenient method for  select ive Hg-i determination based on a simple 
principle using a conventional Hg analyzer. 

HATERIALS AND HETHODS 

HeHg chloride and HgCl2 were obtained from Tokyo Chemical Co. (Tokyo) and 
Wako Chemical Co. (Osaka), respect ive ly ,  and used without fu r ther  
purif ication. Hydrochloric acid, NaOH and benzene were analytical grade. 

Hg standard samples containing Hg-i at 0, 2.5, 5, 10, 20 and 100 ~ of 
total Hg were prepared by adding HgCI2 and HeHg chloride to ]0 ~ (wt/wt) 
homogenate of l iver (background Hg content was less than 4 ng/mL in the 
homogenate) of a female Wistar rat (aged 9 wk) to a f ina l  to ta l  Hg 
concentration of 5#g Hg/mL and used for Hg analysis. In the separate 
experiment, tissue samples were obtained from female Wistar rats (aged 9 

Send reprint requests t0 A. Yasutake. 

662 



wk) which had been sacrificed 1 and T d after oral administration of HeHg 
chloride (4 mg Hg/kg body weight). After perfusion with saline, brain, 
l i ver  and kidney samples were excised and homogenated in water ( ] :9 
tissue:water; 10 ~, wt/wt) for Hg analysis. 

Preparation of samples for Hg-i analysis was performed as follows. We 
used 0.2 mL of 6 N HCI to acidi fy 0.5 mL of tissue homogenate in a micro 
tube (1.5 mL). The acidif ied homogenate was shaken vigorously with about 
0.6 mL of benzene in a micro tube mixer for 3 min. The mixture was 
centrifuged at 12,000 rpm for 3 min. The benzene was removed using an 
aspirator; an insoluble layer at the interface was left  undisturbed. The 
benzene extract ion was repeated a total  of 6 times to remove the HeHg 
completely. A wash with petroleum ether was done once to remove the 
benzene. A stream of air was used to remove the residual petroleum ether. 
HeHg in the 5th benzene wash was undetectable by ECD gas chromatography 
(less than 2 ng Hg/mL). A por t ion (0.5 mL) of the aqueous phase- 
suspension was neutralized with the same volume of l .71 N NaOH and used 
for Hg analysis. 

Total Hg and Hg-i levels were determined by the oxygen combustion-gold 
amalgamation method (Jacobs et al. 1960) using a Rigaku Hercury Analyzer 
SP-3. HeHg levels were determined as described previously (Hirayama et al. 
]967). Hg-i was also determined by the method of Konishi and Takahashi 
(1983). 

RESULTS AND DISCUSSION 

The present method is based on quite a simple pr inciple.  Addition of 
excess HCI changed coexist ing HeHg into i t s  chlor ide which could be 
ex t rac ted  eas i l y  from water into benzene. Under the described 
experimental conditions, about 00 ~ of HeHg was extracted by a single 
benzene par t i t ion ing (data not shown). Accordingly, the amount of HeHg 
remaining after 6 extractions was calculated to be as low as 0.0064 ~ of 
the i n i t i a l  amount. When chloroform, which is also e f f e c t i v e  in 
extracting HeHg, was used in the place of benzene, the recovery of Hg-i 
was as low as about 90 ~ of the i n i t i a l  amount (data not shown). In 
preliminary experiments, various concentrations of HCI (] to 3 N) and 
homogenate ratios (0.1 to 10 ~) were examined. The extractive removal of 
HeHg with benzene and retention of Hg-i in the samples were found to be 
satisfactory within these ranges. 1.71N HCI, which was obtained by the 
addit ion of 6 N HCI to the samples, and 10 ~ homogenate were employed 
here. 

Hg-i levels obtained from the standard samples by using the present MeHg- 
removal method are summarized in Table ] ;  the values obtained using the 
method of Konishi and Takahashi (1983) are also reported. The values 
obtained here corresponded well to the calculated ones throughout the 
range of Hg-i/ReHg rat ios. Recovery of Hg-i and removal of added MeHg 
were almost complete in the present procedure; i t  was concluded that 
demethylation of HeHg and loss of Hg-i during preparation of the samples 
were negl ig ib le.  Although the values obtained by both methods were 
consistent with each other when Hg-i contents were higher than lO ~ of 
total Hg, some overestimation of the values was observed by the Konishi- 
Takahashi' method in the samples containing lower Hg-i probably due to 
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demethylation of MeHg during the operation. The overestimation of H9-i in 
the presence of NeH9 in large excess was also reported by the method of 
Magos (]971). Furthermore, since the blank value of the reagents in the 
Konishi-Takahashi' method reached nearly 7 ng of Hg (reported value of 
about 3 rig), evaluation of lower values would be liable to be accompanied 
by the experimental error. The blank value for the reagents was also 
reported to be 2.5 to 3.0 ng by the method of Magos and Clarkson (1972). 
The blank value in the present method was much lower (less than 0.2 ng 
Hg/mL of the final mixture); thus the data for lower levels should be more 
reliable. 

Inorganic, organic and total Hg levels in brain, l iver and kidney of rats 
sacrificed ] and 7 d after ReHg administration are summarized in Table 2. 
The sum of H9-i and NeHg values f i t t ed  well with the total H9 values in 
every tissue sample at both experimental times. The highest ratio of H9- 
i was shown in the kidney of 7 d; 48.8~ of the renal Hg was accounted for 
by inorganic species. On the other hand, the brain of I d showed the 
lowest H9-i rat io of 0.94~. Although the present method does not contain 
any novel reagent or procedure, i t  yielded sat isfactory Hg-i values in 
tissue samples even i f  i ts  rat io  was lower than 1~ of total H9 using a 
conventional H9 analyzer. 
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