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Sensitive analysis of arsenic species in urine by LC-MS瓜r1S
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Abstract 

Although it is familiar that arsenic is ingested routinely by food substance such as seaweed、

species of arsenic metabo lite in urine訂 enot fully identified. In order to assess the toxicity of 

arsenic contained in food properly， it is necessary to identify unknown arsenic metabo1ites. One 

of the efficient approaches is omics approach with high-performance liquid chromatography-

electrospray ionisation tandem mass spectrometry (HPLC田 ESI-MS爪AS)using urine both before 

and after arsenic ingestion. Howeverラ analysison arsenic species by LC-MS瓜1Sis much less 

common than that by high perfo1'mance liquid chromatography with inductively coupled plasma 

mass spec廿ometry (HPLC閏 ICトMS). Thus今 analysis on available arsenic standard (i.e. 

arsenobetineラ monOlnethyl arsonous acidラ dimethylarsinic acid， trimethylarsine oxide， 

arsenocholine and dimethylmonothioarsinic acid) by HPLC-ESI-MSゐ1Swas conducted as a pilot 

study. All of them without monomethyl arsonous acid was detected in a picogram or femtogram 

order. FurthetlliOre， most of them can be quantitied at least in a picogram order. Howeverラ apart 

ofthem such as dimethylmonothioarsinic acid was completely undetected or little detected when 

they were added to urine sample even in a ppm order. Thusラ itindicated the presence of an 

inhibitor fo1' ionization in urine， and also did the necessity of sample preparation before analysis. 

Howeverラ extremelyhigh sensitivity of arsenic metabolites suggested the possibility of omics 

approach. 
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1. Introduction 

Although 由批eω伽xici句tyof何a温1"S鎚enicis w悶ell山l日k王但叩nowns血血C∞ee姐担t

timηles， we i加ng伊es叫teda food containing arsenic on a da剖.il防yba部si恒s.

T百O阻凶lamountoぱfa訂rs鵠en凶ici血ng伊es鎚t記edp町 daywa鎚sestimated to be 

195問/day(Yamauchi， Takahashi et al. 1992)， which was 

widely vaIied among血dividuals(Rm1l1ラ Raberet al. 2009). 

Arsenic is contained in a variety of foodstu能 suchas rice， 

wheat， vegetablesラ milk，meat， seafood and seaweed 

(Uneyama， Toda et a1. 2007). Especially， seaweed contains a 

lm'ger aInount of bo血 inorganicand organic arsenicals 

(Garcfa同 Salgado，Raber et a1. 2012). However， the toxicity of 

organic arsenicals such as剖'senosugarsand arsenolipids 

remains to be elucidated since the mechanism of metabolism 

and the toxicity of subsequent intennediate are not well 

documented. 

Meanwhile， urine is generally used as a sample in in vivo 

metabolism study because of some reasons such as 

availabi1ity and ethical aspect. High performance liquid 

chromatography with inductively coupled plasma m部 S

spectrometry (HPLC-TCP-MS) is mainly used in analyzing 

aI'senicals because it can prove the existence of m'senic. One 

limitation of HPLC-ICP-MS is that it cannot distinguish 
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substances百也ey訂edetected at almost也esame retention 

time. Metabolites of arsenica1s have也esame or simil紅

chemical constructions. Thus， it is not easy to determine也at

a peak detected by HPLC-ICP-MS is derived企omonly one 

metabolite of arsenical or not. In con回 st，high-perおrmance

liquid chromatogrョphy-elec仕osprayionisation tandem mass 

spectrome句r (HPLC-ESI-MS品1S)has two advantages 

血ough社C釦 notprove也eexistence of arsenic. It can sep翻 te

substances even if也eirretention time紅ecompletely血e

same. Secondly， it臼possible也atunknown metabolites町e

iden姐 edby di宜erentialanalysis using urine sampled bo也

before組 dafter泊gestingarsenicals. 

I五erefore，pilot study wi血 arsenicalstandards and 

arsenica1s added urine w;ぉ conductedin order ωacquire血e

basis of detection sensitivity. 

2. Materials and Methods 

2.1 Chemical Substances 

Analytical s阻n也rds of arsenobetine (AsBe) 姐 d

monome血.ylarsonicacid (MMA) were purchased企om

WAKO.τnose of dime也ylarsinic acid (DMA)， 

仕ime也ylarsineoxide (TMAO)姐 darsenocholine (AsCho) 

were 企om Tri Chemical Laboratory. 

Dimethylmono也ioarsinic acid (D~仏tITA) wぉ恒ndly

provided by Dr. Hideki W組 ibuchiat Osaka City U:国versity.

Chemicals using for mobile ph蹴， formic acidσ1¥)， 

ammonium hydrogen carbonate and acetoni仕ile) were 

purchased企omWako， Sigma-Aldrich and Kanto chemical， 

respectively. 

2.2 Sample Preparation 

Five species of訂senicals旬n伽rds(i.e. AsBe，乱仏1A，

DMAラ TMAO組 dAsCho) we問 dissolvedinto叫回p町 e

water to con白血1.0ppm each. Standard solution of 1 ppm 

D~岱1TAwぉ separately produced. Then， six concen仕ation

of standard solutions (i.e. 100 ppb， 10 ppb， 1 ppb， 100 ppt， 10 

ppt祖 d1 ppt) w町eproduced via dilution. Urine企ee企om

e血icalproblem w錨 cen出血gedand也esupema阻 twas 

ultra血回tedwi也白lterof which pore diamete 0.46 ~血.

Arsenical standard solution was added to collected urine to 

adj凶 tconcen仕ation;100 ppb， 10 ppb， 1 ppb， 100 ppt. 

2.3 Analytical Instrument 

In order to separate arsenicals， ACQUITY UPLC H-Class 

system (Waters) coupled wi也ACQUITYUPLCBEH Amide 

Columnラ1.7JlID， 2.1 mm x 50 mm column (Waters) was used， 

組 dXevo G2・XSQTof何Taters)w;出 asa detector. Two 

pa抗ernsof mobile phase combination were adopted. One was 

1 % formic acid in water and acetoni凶le，組dthe 0也erwas

20mM  ammonium hydrogen carbonate at pH9.0 (adjusted 
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wi也 ammoniasolution) and acetonitrile. Arsenicals were 

gradient唱lutedat 0.4 mL!凶nus血gaquos phase: 5%佃 d

ace凶 凶e:95% (5% to 60% aquos phase in 0.1 min， 60% 

aquosphぉefor2.9凶n).Column temperature was 40
0C and 

injection volume was 1 ~. Electrospray ionization was used 

in positive mode. 

3. Resul臼 andDiscussions 

DMA， TMAO and AsBe w部 detectedby HPLC・ESI-

MS品1Seven when the concentration was 1 ppbσig.l). M出 S

chromatogram indicated也atquantity of血emcould be 

determined by HPLC-ESI-MSIMS. 

Fig. 1 Detection of 1 ppb standard solution 

Al由ough 1 pg of AsCho was below血elimit of 

quantification， quan凶 ablechromato伊 m was available 

when 10pgw;ぉ iniectedσig.2).

Fig. 2 Detection of 10 ppb standard solution 

In也ecase ofMMA， HPLC・ESI-MSIMSdetected 1 pg of 

江 However，chromatogrョm was not enough to quantify 

b伽 A.Concen回 .tionofMMA， DMA， AsBe in human町並e

W出 reportedto be in a ppb， ten ppb， ten ppb order， 

respectively (Suizu， Inoue et al. 2013). Thus， su伍cient



sensitivity ofHPLC・ESI-MS品1Swas con:firmed. In regard to 

J¥.11仏， alt也ho叩ug偵hs印e凶 i耐.tiv吋i句.ty0ぱf1王IPLC圃ESI

waおss叩u血Cωi記en凶t，組alyticalcondition is not enoughωquantify. 

Thus， it will be necessary to consider condition specific for 

b仏t1A.TMAO in urine sample was detected in our study 

血ough江wasnot detected江accordingto也ereport cited 

above. Analysis on org佃 icarsenicals wi也lIPLC-ESI-

MS品1Scould be血eessential me血odof arsenic姐 alysis.

In the similar way， 1 pg of DMMTA was detedted姐 d

qu佃 tifiablechromatogram was available by lIPLC・ESI-

MS瓜1Sanalysis. However，抗 W出 notdetected in田恒e

sample to which it was added. Fu血ermore，it was not 

detedcted even when its concentration was 100 ppb (Fig. 3). 

Fig. 3 Detection ofDI¥仏tITA

It is not fully elucidated whe血erDl¥品ITAis detected in 

w恒eof which one ingested arsenicals由roughfoods卸飴 or

not. Our study indicated血atprocessing urine sample wω 

essentialωstudyonD乱品位‘A
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