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&RQVWLWXHQWV�RI�&RQFHUQ

$UVHQLF

'HVFULSWLRQ

$UVHQLF��$V��LV�D�PHWDOORLG��ZLWK�SURSHUWLHV
LQWHUPHGLDWH�EHWZHHQ�WKRVH�RI�D�PHWDO�DQG�D
QRQPHWDO���,Q�LWV�SXUH�VWDWH��LW�JHQHUDOO\�WDNHV�WKH
IRUP�RI�D�GHQVH��JUD\�PHWDO��DOWKRXJK�D�PXFK
OLJKWHU��\HOORZLVK�SRZGHU�PD\�EH�IRUPHG
WKURXJK�VXEOLPDWLRQ�RI�WKH�YDSRU���,Q�QDWXUH�
DUVHQLF�H[LVWV�LQ�IRXU�R[LGDWLRQ�VWDWHV��$V²���$V��
$V���>UHIHUUHG�WR�DV�´$V��,,,�µ@��DQG�$V���>´$V
�9�µ@����DQG�LW�PD\�EH�LQ�HLWKHU�RUJDQLF�RU
LQRUJDQLF�IRUPV���,WV�FRPPRQ�RUHV�LQFOXGH�WKH
PLQHUDOV�DUVHQRS\ULWH��)H$V6��DQG�UHDOJDU
�$V�6�����$UVHQRS\ULWH�LV�D�ZKLWH�WR�JUD\
RUWKRUKRPELF�PLQHUDO�UHVHPEOLQJ�S\ULWH�
FRPPRQO\�IRXQG�LQ�OHDG�DQG�VLOYHU�YHLQV��
5HDOJDU�IRUPV�UHG�WR�UHGGLVK�RUDQJH�QRGXOHV�LQ
RUH�YHLQV�DQG�VLPLODUO\�FRORUHG�FRDWLQJV�DURXQG
VRPH�KRW�VSULQJV�

2FFXUUHQFH

$UVHQLF�LV�XELTXLWRXV³SUHVHQW�LQ�DLU��ZDWHU��VRLO�
SODQWV��DQG�RWKHU�OLYLQJ�RUJDQLVPV���,Q�ZDWHU�
FRPPRQ�IRUPV�RI�DUVHQLF�DUH�$V��,,,���$V��9��
PHWKDQHDUVRQLF�DFLG��DQG�GLPHWK\O�DUVLQLF�DFLG
�(3$���������,QRUJDQLF�$V��9��LV�WKH�PRVW
FRPPRQ�VSHFLHV�LQ�ZDWHU���$V��,,,��LQ�ZDWHU
FRQYHUWV�UHDGLO\�WR�$V��9��XQGHU�DHURELF
FRQGLWLRQV��&OHPHQW�DQG�)DXVW��������EXW�VRPH
$V��,,,��PD\�SHUVLVW�GHSHQGLQJ�RQ
PLFURRUJDQLVPV��WHPSHUDWXUH��DQG�RWKHU�IDFWRUV�

%DFNJURXQG�&RQFHQWUDWLRQV�³7KH�DUVHQLF
FRQFHQWUDWLRQ�LQ�VRLO�QRUPDOO\�UDQJHV�IURP�
��WR����PJ�NJ��WKRXJK�LW�GRHV�QRW�JHQHUDOO\
H[FHHG����PJ�NJ��%URZQ�HW�DO���������DQG�LQ
ZDWHU�LW�LV�QRUPDOO\������J�/��(LVOHU��������
7HUUHVWULDO�IORUD�DQG�IDXQD��ELUGV��DQG�IUHVKZDWHU�
ELRWD�XVXDOO\�FRQWDLQ����PJ�$V�NJ�E\�ZHW�

ZHLJKW��ZZ����$UVHQLF�DW������PJ�NJ�ZZ��.�
PJ�NJ�GU\�ZHLJKW�>GZ@��LV�UHSRUWHG�WR�EH�WKH
��WK�SHUFHQWLOH�FRQFHQWUDWLRQ�IRU�IUHVKZDWHU�ILVK
�6FKPLWW�DQG�%UXPEDXJK��������DQG
EDFNJURXQG�FRQFHQWUDWLRQV�LQ�WHUUHVWULDO�SODQWV
UDQJH�IURP������WR�����PJ�NJ�GZ��%RGHN�HW�DO�
��������&RQFHQWUDWLRQV�RI�DUVHQLF�LQ�OLYHUV�RI
DGXOW�DPSKLELDQV�FROOHFWHG�LQ�DQ�DSSDUHQWO\
XQFRQWDPLQDWHG�DUHD�DYHUDJHG�������PJ�NJ�ZZ
�%\UQH�HW�DO����������7KHVH�OHYHOV�DUH�VRPHWLPHV
PXFK�KLJKHU�LQ�ELRWD�FROOHFWHG�QHDU�DUHDV�ZLWK
KLJK�JHR�WKHUPDO�DFWLYLW\�DQG�QHDU
PDQXIDFWXUHUV�RI�DUVHQLFDO�GHIROLDQWV�DQG
SHVWLFLGHV��(LVOHU��������

(DFK�\HDU��DV�D�UHVXOW�RI�DJULFXOWXUDO�DQG
LQGXVWULDO�DFWLYLWLHV��ODUJH�TXDQWLWLHV�RI�DUVHQLFDOV
WKDW�PD\�EH�KD]DUGRXV�WR�ILVK�DQG�ZLOGOLIH�DUH
UHOHDVHG�LQWR�WKH�HQYLURQPHQW��(LVOHU��������
$JULFXOWXUDO�DSSOLFDWLRQV�SURYLGH�WKH�ODUJHVW
DUWLILFLDO�VRXUFH�RI�DUVHQLF�LQ�WKH�HQYLURQPHQW
�(LVOHU���������,W�LV�FRQWDLQHG�LQ�ZDVWHV�IURP�WKH
SURGXFWLRQ�RI�FHUWDLQ�KHUELFLGHV��IXQJLFLGHV�
LQVHFWLFLGHV��DOJLFLGHV��DQG�ZRRG�SUHVHUYDWLYHV
�%URZQ�HW�DO���������LQ�SDUWLFXODU��VRGLXP
DUVHQLWH�ZDV�FRPPRQO\�XVHG�DV�DQ�DTXDWLF
KHUELFLGH�EHWZHHQ������DQG�WKH�����
V�
HVSHFLDOO\�LQ�WKH�8QLWHG�6WDWHV��7DQQHU�DQG
&OD\WRQ���������$UVHQLF�LV�DOVR�SUHVHQW�LQ�ODUJH
DPRXQWV�LQ�ZDWHU�FRQWDPLQDWHG�E\�PLQH�WDLOLQJV�
VPHOWHU�ZDVWHV��DQG�QDWXUDO�PLQHUDOL]DWLRQ
�(LVOHU���������(3$�DOVR�VWDWHV�WKDW�VRXUFHV�RI
DUVHQLF�LQ�GULQNLQJ�ZDWHU�LQFOXGH�JODVV��HOHFWURQLF
ZDVWHV��DQG�RUFKDUGV��(3$�������

6XPPDU\�RI�(IIHFWV

$UVHQLF�LV�QRW�QRUPDOO\�FRQVLGHUHG�DQ�HVVHQWLDO
HOHPHQW�WR�PRVW�VSHFLHV��DQG�LW�KDV�EHHQ�VKRZQ
WR�EH�ERWK�WHUDWRJHQLF�DQG�FDUFLQRJHQLF�LQ�PDQ\�
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PDPPDO�VSHFLHV��(LVOHU���������������+RZHYHU�
EHQHILFLDO�HIIHFWV�KDYH�EHHQ�UHSRUWHG�LQ
WDGSROHV��VLONZRUP��UDWV��JRDWV��DQG�SLJV�DW�ORZ
GLHWDU\�FRQFHQWUDWLRQV��(LVOHU���������0DPPDOV
ZLWK�DUVHQLF�GHILFLHQFLHV�GLVSOD\�SRRU�JURZWK�
UHGXFHG�VXUYLYDO��DQG�LQKLELWHG�UHSURGXFWLRQ�
ZKHUHDV�ORZ�GRVHV�RI�DUVHQLF�DFWXDOO\�VWLPXODWH
JURZWK�LQ�SODQWV�DQG�DQLPDOV��(LVOHU�������

$UVHQLF
V�WR[LFLW\�DQG�ELRDYDLODELOLW\�PD\�YDU\
VLJQLILFDQWO\��GHSHQGLQJ�RQ�WKH�FKHPLFDO�IRUPV
DQG�URXWHV�RI�H[SRVXUH���,Q�JHQHUDO��LQRUJDQLF
DUVHQLF�FRPSRXQGV�DUH�PRUH�WR[LF�WKDQ�RUJDQLF
FRPSRXQGV��DQG�$V��,,,��LV�PRUH�WR[LF�WKDQ�$V
�9���(LVOHU���������������+HQFH��WKH�QDWXUDO
FRQYHUVLRQ�RI�$V��,,,��WR�$V��9���ZKLFK�LV
IDYRUHG�LQ�PRVW�DTXDWLF�HQYLURQ�PHQWV
�0DQDKDQ��������VRPHZKDW�UHGXFHV�WKH�RYHUDOO
KD]DUG�RI�WKLV�HOHPHQW���,W�VKRXOG�EH�QRWHG�
WKRXJK��WKDW�PRVW�GLHWDU\�VWXGLHV�UHO\�RQ�RQO\�D
VLQJOH�VSHFLHV�RI�DUVHQLF³JHQHUDOO\
LQRUJDQLF³DQG�WKDW�VXFK�VWXGLHV�WKXV�GR�QRW
UHIOHFW�WKH�GLYHUVLW\�RI�DUVHQLF�VSHFLHV�SUHVHQW�LQ
WKH�HQYLURQPHQW���7KH�YDU\LQJ�HIIHFWV�RI
GLIIHUHQW�DUVHQLF�FRPSRXQGV�VKRXOG�EH
FRQVLGHUHG�EHIRUH�XVLQJ�H[SHULPHQWDO�GDWD�
WR�DVVHVV�WKH�WR[LFLW\�RI�DUVHQLF�LQ�WKH
HQYLURQPHQW�

,Q�WKH�DTXDWLF�HQYLURQPHQW��DGYHUVH�HIIHFWV�RI
DUVHQLF�KDYH�EHHQ�UHSRUWHG�DW�D�ZLGH�UDQJH�RI
FRQFHQWUDWLRQV�LQ�ZDWHU��VHGLPHQW��DQG�GLHWV��
6XWHU�DQG�0DEUH\��������HYDOXDWHG�D�VHULHV�
RI�WR[LFRORJLFDO�EHQFKPDUNV�IRU�VFUHHQLQJ
YDULRXV�FRQWDPLQDQWV�IRU�WKHLU�SRWHQWLDO�HIIHFWV
RQ�DTXDWLF�ELRWD���,Q�DGGLWLRQ�WR�WKH�QDWLRQDO
DPELHQW�ZDWHU�TXDOLW\��1$:4��FULWHULD��WKH\
SURYLGHG�VHFRQGDU\�DFXWH�DQG�FKURQLF�YDOXHV�
ORZHVW�FKURQLF�YDOXHV��LQFOXGLQJ�WKRVH�IRU�ILVK�
GDSKQLGV��QRQGDSKQLG�LQYHUWHEUDWHV��DTXDWLF
SODQWV��DQG�DOO�RUJDQLVPV���WHVW�(&��V��FRQFHQ�
WUDWLRQV�WKDW�FDXVH�REVHUYDEOH�LOO�HIIHFWV�LQ�
���SHUFHQW�RI�VSHFLPHQV���VHQVLWLYH�VSHFLHV�WHVW
(&��V��DQG�SRSXODWLRQ�(&��V���7KHVH�GDWD�ZHUH
XVHG�WR�HVWDEOLVK�WKH�JHQHUDO�ELRWLF�HIIHFW�OHYHOV
SUHVHQWHG�LQ�WDEOH�����$V�OLVWHG�WKHUH��´1R
HIIHFWµ�LV�WKH�ORZHVW�FKURQLF�YDOXH�IRU�DOO
RUJDQLVPV��´7R[LFLW\�WKUHVKROGµ�LV�WKH�1$:4�

FKURQLF�FULWHULRQ��LI�HVWDEOLVKHG��RU�WKH
VHFRQGDU\�FKURQLF�YDOXH��DQG�´/HYHO�RI�FRQFHUQµ
LV�WKH�UDQJH�EHWZHHQ�WKH�WZR�RWKHU�YDOXHV�

)LHOG�&DVHV

7KRXJK�DUVHQLF�LV�XELTXLWRXV�LQ�WKH
HQYLURQPHQW��WKH�LQFLGHQFH�RI�ZLOGOLIH�SRLVRQLQJ
E\�DUVHQLF�LV�UHODWLYHO\�UDUH��(LVOHU��������
6DQGKX��������UHSRUWHG�DQ�LQWHQVLYH�ILVK�NLOO�LQ�D
UHVHUYRLU�DW�2UDQJHEXUJ��6RXWK�&DUROLQD��DIWHU
DHULDO�VSUD\LQJ�RI�DUVHQLF�GHIROLDQWV�LQ�D�QHDUE\
FRWWRQ�ILHOG���7KH�DUVHQLF�FRQFHQWUDWLRQ�LQ�WKH
ZDWHU�ZDV�HOHYDWHG�WR��������J�/��DQG�FDWILVK�LQ
WKH�UHVHUYRLU�ZHUH�UHSRUWHG�WR�FRQWDLQ���DQG���
PJ�$V�NJ�LQ�VNHOHWDO�PXVFOH�DIWHU���KRXU�DQG���
ZHHN�H[SRVXUHV��ZHLJKW�EDVLV�QRW�VSHFLILHG��

$UVHQLF�LV�DOVR�UHODWLYHO\�SHUVLVWHQW�LQ�WKH�DTXDWLF
HQYLURQPHQW���7DQQHU�DQG�&OD\WRQ�������
UHSRUWHG�HOHYDWHG�FRQFHQWUDWLRQV�RI�DUVHQLF�LQ
PDFURSK\WHV�����²������PJ�NJ�GZ��DQG
VXUILFLDO�VHGLPHQWV�����²����PJ�NJ�GZ��LQ�/DNH
5RWRURD��1HZ�=HDODQG�����\HDUV�DIWHU�DQ
DSSOLFDWLRQ�RI�VRGLXP�DUVHQLWH�KHUELFLGH��DUVHQLF
OHYHOV�LQ�D�QHDUE\�UHIHUHQFH�ODNH��/DNH
5RWRNDXUL��ZHUH�����PJ�NJ�GZ�LQ�PDFUR�
SK\WHV�DQG�����²���PJ�NJ�GZ�LQ�VHGLPHQWV��
�1RWH��KRZHYHU��WKDW�WKH�´UHIHUHQFH�ODNHµ�KDG
DUVHQLF�FRQFHQWUDWLRQV�LQ�WKH�VHGLPHQWV�WKDW�DUH
LQ�WKH�PLGGOH�RI�WKH�OHYHOV�RI�FRQFHUQ�LQ�WDEOH���
DQG�WKH�GHWHFWLRQ�OLPLW�IRU�WKH�PDFUR�SK\WH
GDWXP�ZDV�IRXU�WLPHV�WKH�WR[LFLW\�WKUHVKROG�IRU
SODQWV�LQ�WDEOH�����$OWHUQDWLYHO\��WKH�´OLYLQJµ
PDFURSK\WHV�KDG�DUVHQLF�FRQ�FHQWUDWLRQV�RI
EHWZHHQ����DQG�����WLPHV�WKH�WR[LFLW\�WKUHVKROG
DQG�DUH�REYLRXVO\�WROHUDQW�VSHFLHV��

1DWXUDO�VRXUFHV��VXFK�DV�KRW�VSULQJV�DQG
YROFDQLF�DFWLYLW\��DOVR�FRQWULEXWH�WR�HOHYDWHG
OHYHOV�RI�DUVHQLF�LQ�WKH�HQYLURQPHQW���/DFD\R�
HW�DO���������GHWHUPLQHG�DUVHQLF�OHYHOV�LQ�ZDWHU�
ILVK��DQG�VHGLPHQWV�IURP�;RORWOiQ��0DQDJXD�
1LFDUDJXD��D�ODNH�ZKLFK�FRQWDLQHG�KLJK�OHYHOV�RI
DUVHQLF�IURP�VXFK�VRXUFHV�
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Table 1.&Summary of comprehensive biotic effects of arsenic
[See Appendix II for explanation of abbreviations and technical terms]

Medium
No

effect
Level of
concern

Toxicity
threshold Comments/Explanation

Water (µg/L) 48 48%190 190 48 µg/L is lowest chronic value for As (V) in
aquatic plants; 190 µg/L is NAWQ chronic cri-
terion for As (III).  See Suter and Mabrey
(1994).

Sediment (mg/kg dw) 8.2 8.2%70 70 "ERL" and "ERM" values of Long et al. 1995.

Plants (mg/kg dw) 1%1.7 2%5 5 Levels in plants (Kabata-Pendias and Pendias
1992) and invertebrates (see table 2) not well
established, but at least some show no effects
below these tissue concentrations.

Invertebrates (mg/kg dw) 30 30%50 50

Fish (mg/kg dw) 1.0 1%12 12 No-effect level is 85th percentile concentration
from Schmitt and Brumbaugh (1990).  Toxicity
threshold from Sandhu (1977).

Bird eggs (mg/kg dw) 1.3 1.3%2.8 <2.8 J.P. Skorupa, unpub. data, 1996.

Amphibians/reptiles & & ³ Diagnostic effect levels not available. 
Mammals, in particular are poor biomonitors for
As (Talmage and Walton 1991).Mammals & ³ &

     Note:  Although diagnostic levels for biota concentrations are generally not well defined, arsenic concentrations in biota
are usually <1 mg/kg fresh weight except near sources of arsenic pollution (Eisler 1988, 1994).  (Dry-weight concentrations,
such as those shown above, are generally several times higher than fresh-weight concentrations, although no reliable
conversion factor can be defined.)

,Q�7H[DV��&ODUN�HW�DO���LQ�SUHVV��UHSRUWHG�ZKDW
WKH\�EHOLHYHG�WR�EH�WKH�KLJKHVW�FRQFHQWUDWLRQV�RI
DUVHQLF�IRXQG�LQ�WDGSROHV�������PJ�$V�NJ�ZZ���
7KHLU�UHSRUW�SURYLGHV�D�JRRG�UHYLHZ�RI
LQIRUPDWLRQ�FRQFHUQLQJ�DUVHQLF��DV�ZHOO�DV
FKURPLXP�DQG�]LQF��LQ�DPSKLELDQV�DQG�UHSWLOHV��
7DGSROHV�ZHUH�FROOHFWHG�LQ������IURP�DUHDV
LPPHGLDWHO\�GRZQVWUHDP�IURP�)LQIHDWKHU�/DNH�
ZKLFK�KDG�EHHQ�GLUHFWO\�FRQWDPLQDWHG�GXULQJ���
\HDUV�RI�LQGXVWULDO�
SURGXFWLRQ�RI�DUVHQLF�EDVHG�FRWWRQ�GHIROLDQWV��
1R�WDGSROHV�ZHUH�IRXQG�LQ�)LQIHDWKHU�/DNH�
SUREDEO\�EHFDXVH�DUVHQLF��FKURPLXP��RU�]LQF
FRQFHQWUDWLRQV�WKHUH�ZHUH�VWLOO�WR[LF��HYHQ
WKRXJK�FRQWDPLQDWHG�VHGLPHQWV�KDG�EHHQ
UHPRYHG�DERXW����\HDUV�HDUOLHU�

'HDG�DQG�EOLQG�WXUWOHV��UHG�HDUHG�VOLGHU�
6TCEJGO[U�UETKRVC��DQG�FRPPRQ�VQDSSHU�
%JGN[FTC�UGTRGPVKPC��ZHUH�IRXQG�DW�)LQIHDWKHU�

/DNH�LQ�������ZKHQ�ZDWHUERUQH�DUVHQLF
FRQFHQWUDWLRQV�LQ�WKH�ODNH�DYHUDJHG�����PLOOL�
JUDPV�SHU�OLWHU��PJ�/���&HDUOH\���������7KH
WXUWOHV�VKRZHG�V\PSWRPV�VLPLODU�WR�WKRVH�RI
DUVHQLF�SRLVRQHG�GRPHVWLF�PDPPDOV���7KHVH
LQFOXGHG�NHUDWLQL]DWLRQ��OHDWKHU\�DSSHDUDQFH��RI
WKH�H\HOLGV��QDVDO�DUHDV��DQG�URRI�RI�WKH�PRXWK��
7KH�QDVDO�SDVVDJHV�RI�RQH�WXUWOH�ZHUH�FRPSOHWHO\
RFFOXGHG�ZLWK�WKH�NHUDWLQL]HG�WLVVXH��IRUFLQJ�WKH
WXUWOH�WR�EUHDWKH�WKURXJK�LWV�PRXWK���&ODUN�HW�DO�
�LQ�SUHVV��REVHUYHG�QR�WXUWOHV�RU�VQDNHV�LQ
)LQIHDWKHU�/DNH�LQ������RU�������OHDGLQJ�WKHP
WR�VSHFXODWH�WKDW�IHZ�RU�QRQH�ZHUH�SUHVHQW�

)LVK�SRSXODWLRQV�LQ�)LQIHDWKHU�/DNH�DOVR�ZHUH
DIIHFWHG��&HDUOH\�������6RUHQVHQ�HW�DO���������
*UHHQ�VXQILVK��.GRQOKU�E[CPGNNWU��LQ�WKH�V\VWHP
H[KLELWHG�OLYHU�SDWKRORJ\�UHODWHG�WR�DUVHQLF���
,Q�������&DQWX�HW�DO���������IRXQG�WKDW�
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ODUJH�PRXWK�EDVV��/KETQRVGTWU�UCNOQKFGU��IURP
)LQIHDWKHU�/DNH�KDG�GHIRUPHG�ILQV��MDZV��KHDGV�
DQG�H\HV��ZDWHUERUQH�DUVHQLF�FRQFHQ�WUDWLRQV�DW
WKH�WLPH�ZHUH������PJ�/�

$ELRWLF�)DFWRUV�$IIHFWLQJ
%LRDYDLODELOLW\

:DWHU

0DQ\�IDFWRUV�LQIOXHQFH�DUVHQLF�WR[LFLW\�LQ�ZDWHU�
LQFOXGLQJ�ZDWHU�WHPSHUDWXUH��S+��RUJDQLF
FRQWHQW��SKRVSKDWH�FRQFHQWUDWLRQ��VXVSHQGHG
VRLOV��WKH�SUHVHQFH�RI�RWKHU�VXEVWDQFHV�DQG
R[LGDQWV��DQG�DUVHQLF�VSHFLDWLRQ���$�VWXG\�E\
0F*HDFK\�DQG�'L[RQ��������FRQILUPHG�WKDW
PRUH�DUVHQLF�LV�WDNHQ�XS�DV�WKH�ZDWHU
WHPSHUDWXUH�LQFUHDVHV�

6HGLPHQW

+LJKHU�OHYHOV�RI�DUVHQLF�LQ�VHGLPHQW�ZHUH
FRUUHODWHG�ZLWK�OHYHOV�LQ�PDFURSK\WHV�LQ�D�VWXG\
GRQH�E\�7DQQHU�DQG�&OD\WRQ���������EXW�RWKHU
VWXGLHV��&DLQ�HW�DO��������6PLWK�HW�DO�������
UHSRUWHG�ORZ�ELRDYDLODELOLW\�DQG�OLWWOH
SDUWLWLRQLQJ�RI�DUVHQLF�IURP�FRQWDPLQDWHG
VHGLPHQWV���/RQJ�DQG�0RUJDQ��������DQG�/RQJ
HW�DO���������PDGH�D�FRPSUHKHQVLYH�HYDOXDWLRQ
RI�FKHPLFDO�FRQFHQWUDWLRQV�LQ�VHGLPHQWV�WKDW
ZHUH�DVVRFLDWHG�ZLWK�DGYHUVH�ELRORJLFDO�HIIHFWV��
7KH\�FRQFOXGHG�WKDW�DUVHQLF�FRQFHQWUDWLRQV�RI
����PJ�NJ�GZ�RU�OHVV�GR�QRW�XVXDOO\�SURGXFH
DGYHUVH�HIIHFWV��EXW�FRQFHQ�WUDWLRQV�RI���
PJ�NJ�RU�KLJKHU�XVXDOO\�GR���$OWKRXJK�PDQ\�RI
WKH�GDWD�HYDOXDWHG�ZHUH�IRU�HVWXDULQH�DQG�PDULQH
VHGLPHQWV��+XOO�DQG�6XWHU��������FRQFOXGHG�WKDW
WKRVH�VFUHHQLQJ�OHYHOV�DOVR�ZHUH�DSSURSULDWH�IRU
IUHVKZDWHU�VHGLPHQWV�XQWLO�PRUH�VSHFLILF
JXLGHOLQHV�EHFRPH�DYDLODEOH���+RZHYHU��LW�LV�DOVR
UHFRPPHQGHG�WKDW�WKHVH�FRQFHQWUDWLRQV�EH
FRPSDUHG�WR�ORFDO�EDFNJURXQG�OHYHOV�ZKHQ
SRVVLEOH�

%LRWLF�(IIHFWV

7DEOHV�������DQG���DW�WKH�HQG�RI�WKLV�FKDSWHU�OLVW
WKH�UHSRUWHG�ELRWLF�HIIHFWV�RI�DUVHQLF�LQ�ZDWHU�
VHGLPHQW��DQG�GLHW��UHVSHFWLYHO\�

3ODQWV

$UVHQLF�LV�QRW�DQ�HVVHQWLDO�HOHPHQW�LQ�SODQWV
�.DEDWD�3HQGLDV�DQG�3HQGLDV��������DOWKRXJK
VPDOO�LQFUHDVHV�LQ�\LHOG�KDYH�EHHQ�REVHUYHG�IRU
VHYHUDO�VSHFLHV�DW�ORZ�OHYHOV�RI�VRLO�DUVHQLF
�:RROVRQ���������6RPH�IRUPV�RI�DUVHQLF��VXFK
DV�VRGLXP�DUVHQDWH�DQG�DUVHQLF�WULR[LGH��DUH
H[WUHPHO\�WR[LF�WR�SODQWV���$UVHQLF�XSWDNH�VHHPV
WR�EH�SDVVLYH��%RGHN�HW�DO��������IURP�WHUUHVWULDO
VRLO�WR�SODQWV���7KH�PDMRU�V\PSWRPV�RI�DUVHQLF
WR[LFLW\�LQ�SODQWV�DUH�UHG�EURZQ�QHFURWLF�VSRWV
RQ�ROG�OHDYHV��\HOORZLQJ�RU�EURZQLQJ�RI�WKH
URRWV��ZLOWLQJ�RI�QHZ�OHDYHV��DQG�GHSUHVVHG
WLOOHULQJ��.DEDWD�3HQGLDV�DQG�3HQGLDV��������
6HQVLWLYH�VSHFLHV�VXFK�DV�VSLQDFK��5RKPCEKC
QNGTCEGC��VKRZHG����SHUFHQW�UHGXFWLRQ�LQ
JURZWK�ZKHQ�H[SRVHG�WR�$V��9��DW����PJ�NJ�LQ
VRLO��WDEOH������/RZ�FRQFHQ�WUDWLRQV�RI�$V��9��LQ
ZDWHU���²������J�/��KDYH�EHHQ�UHSRUWHG�WR
LQKLELW�FHUWDLQ�DTXDWLF�SODQWV��UHVXOWLQJ�LQ
QRWLFHDEOH�FKDQJHV�WKURXJKRXW�WKH�HFRV\VWHP��
6DQGHUV�DQG�&LELN��������KDYH�UHSRUWHG
FRQVHTXHQW�FKDQJHV�LQ�WKH�FRPSRVL�WLRQ�DQG
VXFFHVVLRQ�RI�VSHFLHV�DQG�LQ�SUHGDWRU�SUH\
UHODWLRQV�LQ�FKURQLF�VWXGLHV��

$PSKLELDQV�5HSWLOHV

9HU\�IHZ�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�HIIHFWV�RI
DUVHQLF�RQ�DPSKLELDQV�DQG�UHSWLOHV���.KDQJDURW
HW�DO���������GHWHUPLQHG�WKH�DFXWH�WR[LFLW\�RI�$V
�,,,��WR�WDGSROHV��4CPC�JGZCFCEV[NC����8QGHU�WKH
FRQGLWLRQV�RI�S+������WHPSHUDWXUH�����&��DQG
WRWDO�KDUGQHVV����PJ�/��FDOFLXP�FDUERQDWH��
WKH\�IRXQG�WKDW�D�FRQFHQWUDWLRQ�RI������J�$V�/�
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ZRXOG�NLOO����SHUFHQW�RI�VSHFLPHQV�LQ���GD\V
����K�/&������$YHUDJH�DUVHQLF�FRQFHQWUDWLRQV�LQ
WKH�OLYHUV�RI�DGXOW�IURJV�DQG�WRDGV�ZHUH������
PJ�NJ�ZZ�DW�DQ�XQFRQWDPLQDWHG�DUHD��+DOO�DQG
0XOKHUQ���������7KLV�YDOXH�ZDV�FRQVLGHUDEO\
ORZHU�WKDQ�WKH�OHYHOV�RI�DUVHQLF�LQ�PDQ\�RWKHU
IUHVKZDWHU�DQLPDOV��:DJHPDQQ�HW�DO��������

%LUGV

7KHUH�DUH�JUHDW�GLIIHUHQFHV�LQ�WROHUDQFH�WR
DUVHQLF�DPRQJ�ELUG�VSHFLHV���$V�VKRZQ�LQ�
WDEOH����IHPDOH�PDOODUG��#PCU�RNCV[TJ[PEJQU�
GXFNOLQJV�VKRZHG�D�UHGXFHG�JURZWK�UDWH�ZKHQ
WKH\�ZHUH�IHG����PJ�$V��9��NJ�GZ�RYHU���
ZHHNV��&DPDUGHVH�HW�DO����������,Q�DGXOW
PDOODUGV��DUVHQLF�WR[LFLW\�IURP�VRGLXP�DUVHQDWH
LQ�WKH�GLHW�ZDV�VLJQLILFDQW�DW�
����PJ�NJ�GZ��6WDQOH\�HW�DO����������2WKHU
VHQVLWLYH�VSHFLHV��VXFK�DV�WKH�EURZQ�KHDGHG
FRZELUG��/QNQVJTWU�CVGT���VKRZHG����SHUFHQW
PRUWDOLW\�LQ����GD\V�ZKHQ�IHG�FRSSHU
DFHWRDUVHQLWH�DW������PJ�NJ�GZ��WDEOH�����
2SUHVNR�HW�DO���������HVWLPDWHG�WKH�QR�
REVHUYHG�DGYHUVH�HIIHFW�OHYHOV��12$(/��IRU
GLHWDU\�FRQFHQWUDWLRQV�RI�DUVHQLF�LQ�VHYHUDO
VSHFLHV�RI�DTXDWLF�DQG�WHUUHVWULDO�ELUGV���7KH
EHOWHG�NLQJILVKHU��%GT[NG�CNE[QP��DQG�JUHDW�EOXH
KHURQ��#TFGC�JGTQFKCU��DUH�WKH�PRVW�UHOHYDQW
VSHFLHV�IRU�DTXDWLF�KDELWDWV���)RU�WKRVH�WZR
VSHFLHV��WKH�GLHWDU\�12$(/V�ZHUH����WR�
���PJ�NJ�ZZ�ZKHQ�EDVHG�RQ�VRGLXP�DUVHQLWH�LQ
WKH�GLHW�DQG�����WR�����PJ�NJ�ZZ�ZKHQ�EDVHG
RQ�FRSSHU�DFHWRDUVHQLWH��3DULV�JUHHQ��

6WDQOH\�HW�DO���������IRXQG�WKDW�DGXOW�PDOODUGV
IHG�DUVHQLF�DV�VRGLXP�DUVHQDWH�VKRZHG�UHGXFHG
ZHLJKW�JDLQ��UHGXFHG�OLYHU�ZHLJKW��GHOD\HG�HJJ
OD\LQJ��UHGXFHG�HJJ�ZHLJKW��DQG�HJJVKHOO
WKLQQLQJ���$GXOW�PDOODUGV�H[SRVHG�WR�GLHWDU\
FRQFHQWUDWLRQV�RI�����PJ�$V�NJ��GZ��DV�VRGLXP
DUVHQDWH�UDSLGO\�DFFXPXODWHG�WKH�FRPSRXQG�EXW
DOVR�UDSLGO\�HOLPLQDWHG�LW��WKH�FRPSRXQG�KDG�D
KDOI�OLIH�RI���WR���GD\V�DIWHU�UHPRYDO�IURP�WKH
GLHW�DQG�UHDFKHG�HTXLOL�EULXP�OHYHOV�LQ����WR���
GD\V��3HQGOHWRQ�HW�DO����������7KH�JUHDWHVW
DFFXPXODWLRQ�RI�DUVHQLF�ZDV�LQ�WKH�OLYHU��DQG

ORZHU�OHYHOV�ZHUH�IRXQG�LQ�WKH�EORRG�DQG�EUDLQ��
$UVHQLF�DOVR�UHGXFHG�WKH�JURZWK�DQG�WKH�ERG\
DQG�OLYHU�ZHLJKWV�LQ�PDOODUG�GXFNOLQJV��6WDQOH\�HW
DO���������

6RPH�VWXGLHV�LQGLFDWH�WKDW�DUVHQLF�LV�H[WUHPHO\
WR[LF�WR�DYLDQ�HJJV�ZKHQ�LQMHFWHG��%LUJH�DQG
5REHUWV�������*LODQL�DQG�$OLEKDL��������
+RZHYHU��HOHYDWHG�OHYHOV�RI�DUVHQLF�UDUHO\�RFFXU
QDWXUDOO\�LQ�HJJV��HYHQ�LQ�WKRVH�FROOHFWHG�DW
DJULFXOWXUDO�GUDLQZDWHU�HYDSRUDWLRQ�SRQGV�ZKHUH
DUVHQLF�ZDV�SUHVHQW�DW�KLJK�FRQFHQWUD�WLRQV��
$PRQJ����HJJV�FROOHFWHG�GXULQJ�����²���LQ�WKH
6DQ�-RDTXLQ�9DOOH\�RI�&DOLIRUQLD��RQO\�RQH
FRQWDLQHG�DUVHQLF�DERYH�WKH�GHWHFWLRQ�OLPLW�RI
����PJ�NJ�GZ��2KOHQGRUI�HW�DO����������/LEE\�HW
DO���������IRXQG�WKDW�GRPHVWLF�SRXOWU\�IHG�D�GLHW
FRQWDLQLQJ�KLJK�OHYHOV�RI�DUVHQLF��DUVDQLOLF�DFLG�DW
����PJ�NJ�GZ��QHYHUWKHOHVV�SURGXFHG�HJJV�WKDW
FRQWDLQHG�DQ�DYHUDJH�RI�RQO\�����PJ�$V�NJ�DQG
VKRZHG�QRUPDO�HPEU\R�YLDELOLW\���0DQ\�VWXGLHV
KDYH�VKRZQ�WKDW�DUVHQLF�DFWXDOO\�VWLPXODWHV
JURZWK�DQG�HJJ�SUR�GXFWLYLW\�LQ�SRXOWU\���6WXWH
DQG�9RJW��������
IHG���QLWUR���K\GUR[\SKHQ\ODUVRQLF�DFLG�WR�KHQV
DW����PJ�NJ�GZ�DQG�REVHUYHG�D���SHU�FHQW
LQFUHDVH�LQ�HJJ�SURGXFWLRQ�

0DPPDOV

$OWKRXJK�DUVHQLF�LV�RIILFLDOO\�FODVVLILHG�DV�D
KXPDQ�FDUFLQRJHQ��(3$��������WKHUH�LV�OLWWOH
HYLGHQFH�WKDW�LW�LV�FDUFLQRJHQLF�WR�RWKHU
PDPPDOV��(LVOHU���������,W�GRHV��KRZHYHU��FDXVH
WHUDWRJHQLF�HIIHFWV�LQ�PDQ\�VSHFLHV���0DPPDOV
DUH�H[SRVHG�WR�DUVHQLF�PDLQO\�E\�WKH�LQJHVWLRQ
RI�FRQWDPLQDWHG�YHJHWDWLRQ�DQG�ZDWHU���$GYHUVH
HIIHFWV�ZHUH�QRWHG�LQ�UDWV�DW�GLHWDU\�OHYHOV�RI���
PJ�NJ�GZ��WDEOH������$FXWH�RU�VXEDFXWH�DUVHQLF
SRLVRQLQJ�LV�PXFK�PRUH�FRPPRQ�WKDQ�FKURQLF
SRLVRQLQJ�LQ�PDPPDOV��1DWLRQDO�$FDGHP\�RI
6FLHQFHV���������7KH�SUREDELOLW\�RI�FKURQLF
DUVHQLF�H[SRVXUH�LV�UDUH�EHFDXVH�GHWR[LILFDWLRQ
DQG�H[FUHWLRQ�DUH�UDSLG��:RROVRQ���������$V
YDULRXV�VWXGLHV�KDYH�QRWHG��VHH�UHYLHZ�E\
7DOPDJH�DQG�:DOWRQ��������PDPPDOV�QRUPDOO\
DUH�QRW�JRRG�ELRPRQLWRUV�IRU�DUVHQLF�LQ�WKH�
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HQYLURQPHQW���6KDUPD�DQG�6KXSH���������IRU
LQVWDQFH��REVHUYHG�QR�UHODWLRQVKLS�EHWZHHQ
DUVHQLF�FRQFHQWUDWLRQV�LQ�VRLO�DQG�YHJHWDWLRQ�DQG
WKRVH�LQ�WKH�OLYHU�RI�JURXQG�VTXLUUHOV��

%LRDFFXPXODWLRQ

:DWHUERUQH�DUVHQLF�LV�NQRZQ�WR�DFFXPXODWH�
WR�KLJK�FRQFHQWUDWLRQV�LQ�VRPH�VSHFLHV�
�WDEOH������7KH�DFFXPXODWHG�DUVHQLF�FRQFHQ�
WUDWLRQV�LQ�VWRQHIOLHV��VQDLOV��DQG�'DSKQLD�
ZHUH�DV�PXFK�DV����������DQG�����WLPHV�
UHVSHFWLYHO\��WKH�ZDWHU�FRQFHQWUDWLRQ�DFFRUGLQJ
WR�D�VWXG\�E\�6SHKDU�HW�DO����������ZKHUHDV
UDLQERZ�WURXW�DQG�DPSKLSRGV�VKRZHG�QR�VLJQ
RI�ELRDFFXPXODWLRQ���7KRXJK�WKH
ELRDFFXPXODWLRQ�RI�DUVHQLF�IURP�WKH�ZDWHU�KDV
EHHQ�ZHOO�GRFXPHQWHG��WKHUH�LV�QR�HYLGHQFH�RI
PDJQLILFDWLRQ�DORQJ�WKH�DTXDWLF�IRRG�FKDLQ
�(LVOHU�������

$UVHQLF�KDV�EHHQ�IRXQG�WR�DFFXPXODWH�LQ�WKH
OLSLG�IUDFWLRQV�RI�PDULQH�SODQWV��LQYHUWHEUDWHV�
DQG�KLJKHU�RUJDQLVPV��(LVOHU���������0DULQH
ELRWD��LQ�SDUWLFXODU��FRQWDLQ�XQXVXDOO\�KLJK�OHYHOV
RI�DUVHQLF�LQ�WKHLU�OLSLGV�EHFDXVH�RI�WKHLU�DELOLW\
WR�DFFXPXODWH�WKH�HOHPHQW�IURP�ERWK�VHDZDWHU
DQG�IRRG�VRXUFHV���)RU�PDOODUGV��6WDQOH\�HW�DO�
�������IRXQG�WKDW�DUVHQLF�DFFXPXODWHG�LQ�ERWK
DGXOW�DQG�GXFNOLQJ�OLYHUV�DQG�LQ�ZKROH�HJJV
�WDEOH������3HQGOHWRQ�HW�DO���������IRXQG�WKDW
DUVHQLF��DV�VRGLXP�DUVHQDWH��DFFXPXODWHG�LQ�DOO
WLVVXHV�EXW�ZDV�DOVR�UDSLGO\�HOLPLQDWHG�ZKHQ
ELUGV�ZHUH�VZLWFKHG�WR�DQ�XQFRQWDPLQDWHG�GLHW�

,Q�RUGHU�WR�HYDOXDWH�WKH�FXPXODWLYH�WR[LFLW\�RI
DUVHQLF�DQG�YDULRXV�PHWDOV��&G��&X��+J��3E�
DORQJ�WKH�IRRG�FKDLQ��<DQQDL�HW�DO���������UDLVHG
D�ODUJH�TXDQWLW\�RI�DOJDH��/KETCEVKPKWO�DQG
%JNQTGNNC��RQ�PHWDO�ULFK�ZDVWH�ZDWHU��IHG�

WKH�DOJDH�WR�FKLFNHQV�DQG�FDUS��DQG�WKHQ�IHG�WKH
PHDW�RI�WKHVH�FKLFNHQV�DQG�FDUS�WR�UDWV���7KH\
IRXQG�WKDW�ELRDFFXPXODWLRQ�GLG�QRW�LQFUHDVH�WKH
OHYHOV�RI�DQ\�RI�WKHVH�PHWDOV�LQ�FKLFNHQV�RU�FDUS
H[FHSW�IRU�FKLFNHQV
�OLYHUV��ZKLFK�FRQWDLQHG
KLJKHU�DUVHQLF�WKDQ�WKH�OLYHUV�RI�FRQWURO
FKLFNHQV���DQG�WKH\�REVHUYHG�QR�FKDQJH�LQ�WKH
JHQHUDO�DSSHDUDQFH��EHKDYLRU��DQG�VXUYLYDO�RI�WKH
UDWV�WKDW�DWH�WKH�FKLFNHQ�DQG�FDUS�PHDW���7KH\
FRQFOXGHG�WKDW�VXFK�PHDW�ZRXOG�SRVH�QR�KD]DUG
WR�FRQVXPHUV�

,QWHUDFWLRQV

$Q�DQWDJRQLVWLF�LQWHUDFWLRQ�EHWZHHQ�DUVHQLF�DQG
VHOHQLXP�LV�IRXQG�LQ�VHYHUDO�DQLPDO�VSHFLHV�
LQFOXGLQJ�UDWV��GRJV��VZLQH��FDWWOH��DQG�SRXOWU\�
DQG�LW�LV�EHVW�GRFXPHQWHG�IRU�QRQ�GRPHVWLF
ELUGV�LQ�D�VWXG\�GRQH�E\�6WDQOH\�
HW�DO�����������$FFRUGLQJ�WR�WKH�VWXG\��´$V
UHGXFHG�6H�DFFXPXODWLRQ�LQ�OLYHU�DQG�HJJ��DQG
DOOHYLDWHG�WKH�HIIHFWV�RI�6H�RQ�KDWFKLQJ�VXFFHVV
DQG�HPEU\R�GHIRUPLWLHVµ�LQ�PDOODUGV���+RZ�
HYHU��H[SRVXUH�WR�$V�DQG�6H�DW�FRQWDPLQDWHG
VLWHV�PD\�QRW�EH�LQ�WKH�FKHPLFDO�IRUPV
DGPLQLVWHUHG�LQ�WKDW�VWXG\��DQG�H[SRVXUH�OHYHOV�
HVSHFLDOO\�IRU�$V��PD\�EH�ORZHU�WKDQ�WKRVH
DGPLQLVWHUHG���7KXV��WKH�LQWHUDFWLRQV�REVHUYHG
PD\�QRW�RFFXU�XQGHU�QDWXUDO�FRQGLWLRQV�DQG�
WKHUHIRUH��PD\�QRW�EH�DQ�LPSRUWDQW
FRQVLGHUDWLRQ�LQ�WKH�PDQDJHPHQW�
RI�FRQWDPLQDWHG�VLWHV�

5HJXODWRU\�6WDQGDUGV

6WDQGDUGV�DQG�FULWHULD�HVWDEOLVKHG�E\�WKH�
8�6��(QYLURQPHQWDO�3URWHFWLRQ�DJHQF\�DUH�OLVWHG
LQ�WDEOH�����)RU�VWDQGDUGV�DQG�FULWHULD�VHW�E\�6WDWH
DJHQFLHV��FRQWDFW�WKRVH�DJHQFLHV�GLUHFWO\���6HH
$SSHQGL[�,�IRU�D�OLVWLQJ�RI�ZDWHU�TXDOLW\�RIILFLDOV
LQ�WKH����:HVWHUQ�6WDWHV�
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Table 2.&Biological effects of various waterborne arsenicals
on selected species in aquatic environments

[dw, dry weight; ww, wet weight.  See Appendix II for explanation of other abbreviations and technical terms]

Species As compound

Concentration
in water
(µg/L) Effects Reference

Aquatic plants

Algae, various
species

As (V) 75 Decreased growth Eisler 1988

Alga (Ankistrodesmus
falcatus)

As (V) 260 14-day EC50; inhibited growth

Alga (Scenedesmus
obliquus)

As (V) 48 14-day EC50; inhibited growth

Alga (Selenastrum
capricornutum)

As (V) 690 4-day EC50; inhibited growth

Stoneworts (Chara
corallina)

Total As <10 As in biomass 340%400 mg/kg (dw) Tanner and
Clayton 1990

Aquatic invertebrates

Amphipod
(Gammarus
pseudolimnaeus) 

As (III) 88 28-day LC20 Eisler 1988

1,000 Significant reduction in survival after
7 days

Spehar et al.
1980

Disodium methyl-
arsenate

85 28-day LC10 Eisler 1988

Sodium dimethyl-
arsenate

850 28-day LC0

Cladoceran (Daphnia
magna)

As (III) 600%1,320 MATC1 Eisler 1988

960 28-day LC5

As (V) 520 Reproductive impairment of 16% in
3 weeks (at pH 7.74)

Eisler 1988,
SJVDP 1990

930 28-day LC5.  Maximum BCF of 219 Eisler 1988

Total As 1,000 18% decrease in body weight in
3 weeks

Eisler 1988

1,400 50% reproductive impairment in
3 weeks

2,800 21-day LC50

Cladoceran (Daphnia
pulex)

As (III) 1,300 96-h LC50 Eisler 1988

Midge larvae
(Chironomus tentans)

As (III) 680 48-h LC50 Khangarot and
Ray 1989

1,310 24-h LC50
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Table 2.&Biological effects of various waterborne arsenicals
on selected species in aquatic environments&Continued

Species As compound

Concentration
in water
(µg/L) Effects Reference

Aquatic invertebrates &Continued

Snail (Helisoma
campanulata)

As (III) 960 28-day LC10.  As in biomass 80 mg/kg
dw.  Maximum BCF 83

Eisler 1988,
Spehar et al.
1980

As (V) 970 28-day LC0.  Maximum BCF 99

Stonefly (Pteronarcys
california)

As (III) 960 28-day LC0 Eisler 1988

Stonefly (Pteronarcys
dorsata)

Total As 1,000 No effect.  As in biomass 29%44 mg/kg
(dw); BCF 33%45 in 28 d

Spehar et al.
1980

As (V) 89 No effect.  As in biomass 12 mg/kg
(dw);  BCF 131 in 28 d

Zooplankton As (III) 400 No effect Eisler 1988

Fish

Arctic grayling
(Thymallus arcticus)

As (III) 13,700 96-h LC50 for juvenile Buhl and
Hamilton 1991

27,700 96-h LC50 for alevin

Black crappie
(Pomoxis
nigromaculatus)

Total As   22,400%114,800
(mean=49,000)

As 0.14%2.04 mg/kg (ww)
2.9%41.6 bioaccumulation ratio

Foley et al. 1978

Brown bullhead
(Ameiurus nebulosus)

Total As <10 As = 0.9 mg/kg (ww) in flesh Tanner and
Clayton 1990

Chinook salmon fry
(Oncorhynchus
tshawytscha) 

As (III) 21,400 96-h LC50.  Mean weight 1.99 g Hamilton and
Buhl 1990

25,100 96-h LC50.  Mean weight 0.5 g

56,500 24-h LC50.  Mean weight 1.99 g

59,600 24-h LC50.  Mean weight 0.5 g

As (V) 66,500 96-h LC50.  Mean weight 1.99 g

78,000 24-h LC50.  Mean weight 1.99 g

90,000 96-h LC50.  Mean weight 1.99 g

167,000 24-h LC50.  Mean weight 0.5 g

Midas cichlid (Cich-
lasoma citrinellum)

Total As 10%30   No effect.  As in fish muscle
<0.01%0.37 mg/kg (ww)

Lacayo et al.
1992

Jaguar guapote
(Cichlasoma
managuense)

No effect.  As in fish muscle
<0.01%0.24 mg/kg (ww)

Coho salmon
(Oncorhynchus
kisutch)

As (III) 18,500 96-h LC50 for juveniles Buhl and
Hamilton 1991

49,400 96-h LC50 for alevins

Eel (Angulia australis) Total As <10 As = 0.4 mg/kg (ww) in flesh Tanner and
Clayton 1990
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Table 2.&Biological effects of various waterborne arsenicals
on selected species in aquatic environments&Continued

Species As compound

Concentration
in water
(µg/L) Effects Reference

Fish&Continued

Pallas (Notopterus
notopterus)

As (III) 30,930 96-h LC50 Gosh and
Chakrabarti
199040,000 50% mortality in 43 h

Perch (Perca
fluviatilis)

Total As <10 As = 0.3%0.5 in flesh; 0.2 in scales
(mg/kg, ww)

Tanner and
Clayton 1990

Rainbow trout
(Oncorhynchus
mykiss)

As (III) 960 28-day LC0; no bioaccumulation Buhl and
Hamilton 1991,
Spehar et al.
1980

16,000  96-h LC50 for juveniles

91,000 96-h LC50 for alevins

Sodium arsenate 18,000 8% mortality, whole-body
As 2%3 mg/kg ww after 11 weeks at
15EC

McGeachy and
Dixon  1990

36,000 34% mortality, whole-body As 
2%3 mg/kg ww after 11 weeks at 5EC

Rainbow trout larvae As (III) 42 1% mortality (in moderately hard water
of pH 6.9%7.8)

SJVDP 1990

Rudd (Scardinius
erythrophthalmus)

Total As <10 As (mg/kg, ww) <0.2 in flesh; 0.3 in
scales; 5.5 in gut contents

Tanner and
Clayton 1990

Birds

Shag (Phalacrocorax
sp.)

Total As <10 As <0.2 mg/kg (ww) in flesh, liver, and
brain

Tanner and
Clayton 1990

Amphibians

Frog (Rana
hexadactyla) tadpoles

As (III) 249 96-h LC50 Conditions:  15EC, 
pH 6.1, hardness 
20 mg/kg (as CaCO3)

SJVDP 1990

270 48-h LC50

368 24-h LC50

     1 Maximum acceptable toxicant concentration.  Lower value in the range shown indicates highest concentration tested
producing no measurable effect on growth, survival, reproduction, or metabolism during chronic exposure; higher value
indicates lowest concentration tested producing a measurable effect.
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Table 3.&Biological effects of concentrations of various arsenicals in sediment
[Concentrations in milligrams per kilogram; dw, dry weight; ww, wet weight]

Species
As

compound
Concentration

in sediment
Concentration in biomass

and other effects Reference

Plants

Mixed submerged macrophytes Total As 3.6%5.0 (ww) 2.3%26 (ww) Tanner and
Clayton
199019%38 (ww) 5.7%7.9 (ww)

20%105 (ww) 66%80 (ww)

Stoneworts (Nitella hookeri) Total As 100%780 (dw) 2,400%1,128 (dw)

Stoneworts (Chara corallina) <0.01 (dw) 200%240 (dw)

100%780 (dw) 235%300 (dw)

Mixed submerged macrophytes
(contaminated by mine and industrial
effluent)

Total As 40%3,500 (ww) 250%920 (ww)

6.3%3,300 (ww) 150%3,700 (ww)

Spinach plants (Spinacia oleracea) As (V) 10 (in soil) 40% growth reduction Woolson
1973

Fish

Midas cichlid (Cichlasoma
citrinellum)

Total As 5.37%8.65 (dw) <0.01%0.37 (ww) in muscle. 
No effect

Lacayo et
al. 1992

Jaguar guapote (Cichlasoma
managuense)

<0.01%0.12 (ww) in muscle. 
No effect

Rudd (Scardinius erythrophthalmus) Total As 100%780 (dw) <0.2 in flesh; 0.3 in scales;
5.5 in gut contents (ww)

Tanner and
Clayton
1990

Perch (Perca fluviatilis) 0.3%0.5 in flesh; 0.2 in scales
(ww)

Catfish (Ameiurus nebulosus) 0.9 in flesh (ww)

Eel (Angulia australis) 0.4 in flesh (ww)

Birds

Shag (Phalacrocorax sp.) Total As 100%780 (dw) <0.2 in flesh; <0.2 in liver;
<0.2 in brain (ww)

Tanner and
Clayton
1990
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Table 4.&Biological effects of arsenicals in the diet on selected species
[LC50, median lethal concentration&50% mortality after a stated time interval.

Similarly, LC100 denotes 100% mortality; dw, dry weight]

Species
As

compound

Concentration
in diet

(mg/kg dw) As concentration in biomass and other effects Reference

Fish

Rainbow
trout
(Oncorhyn-
chus mykiss)

As (V) 10 No effect Eisler 1988

90 Some adaptation to dietary As observed, as initial
negative growth gave way to slow positive growth over
time

Sodium
arsenite

30 Reduced weight gains after 8 weeks SJVDP 1990

Birds

Brown-
headed
cowbird
(Molothrus
ater)

Copper
aceto-
arsenite

11 1.7 mg/kg dw (maximum whole-body concentration).  All
survived after 6 months

Eisler 1988

33 6.6 mg/kg dw (whole body).  All survived after 6 months

99.8 11-day LC50

100 3-month LC100.  Brain 6.1 mg/kg dw; liver 40.6 mg/kg dw

Mallards
(Anas
platyrhyn-
chos)

Sodium
arsenate

25 Adult liver 0.49, duckling liver 0.65 mg/kg dw.  No
significant differences in body weight or growth rate in
ducklings, compared to controls fed 0.26 mg/kg dw

Stanley et al.
1994

100 Adult liver 2.4, duckling liver 4.5 mg/kg dw.  Reduced
body weight and lower growth rate at 14 days in ducklings
from parents fed As.  Antagonistic interactions observed
between As and Se

Stanley et al.
1994

200 Duckling liver 5.1 mg/kg ww.  Increased mortality,
decreased growth, and liver histopathology in ducklings
fed a low-protein (7%) diet.  As reduced effects of Se
when fed together in a diet with adequate protein (22%)

Hoffman et al.
1992

400 Adult liver 6.6, duckling liver 33 mg/kg dw.  Arsenic
accumulated in adult liver and egg, reduced adult weight
gain and liver weight, delayed onset of egg laying,
decreased whole egg weight, and caused eggshell
thinning.  Reduced body weight, growth, and liver weight
in ducklings.  Antagonistic interactions observed between
As and Se

Stanley et al.
1994

One-day-old
mallard
ducklings
(female)

As (V) 300 Brain 0.8 mg/kg dw; liver 1.3 mg/kg dw.  Reduced growth
rate, and standing and bathing time; increased resting
time over 10 weeks

Camardese
et al. 1990

30 Reduced growth rate over 10 weeks; no significant
bioaccumulation in brain or liver when compared to
controls



1DWLRQDO�,UULJDWLRQ�:DWHU�4XDOLW\�3URJUDP�*XLGHOLQHV

��

Table 5.&U.S. Environmental Protection Agency standards and criteria
for arsenic

[See Appendix II for explanation of terms.  Sources:  EPA, 1985, 1995]

Status Known carcinogen; EPA priority pollutant

Drinking water MCL1 50 µg/L

Freshwater criteria (AS-III) 360 µg/L for acute exposure
190 µg/L for chronic exposure

Freshwater LOAEL2 (As-V) 850 µg/L for acute exposure

1/10,000 cancer risk 2 µg/L

1/1,000,000 cancer risk 0.018 µg/L (water and organisms)
0.14 µg/L (organisms only)

     1 Maximum contaminant level
     2 Lowest-observed-adverse effect level.

Table 4.&Biological effects of arsenicals in the diet on selected species&Continued

Species
As

compound

Concentration
in diet

(mg/kg) Concentration in biomass and other effects Reference

Birds&Continued

Chicken Arsanilic
acid

180 1.3 mg/kg in eggs; embryo viability normal Libby et al.
1953

>1,000 Depressed growth Abbott 
et al. 1959

2,000 Mortality increased 33%

2,250 Mortality increased 40%

Mammals

Domestic
sheep

Total As 58 No outwardly visible effect. Tissue As increased after
3-week exposure, then declined rapidly after return to
low-As diet

Eisler 1988

Mice As (III) 0.46 No significant difference in growth and survival Schroeder and
Balassa 1967

Rats As (III)+(V) 5 No significant differences in growth and survival Sharpless and
Metzger 1940

20 Growth decreased by 50%
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6WXWH��.���DQG�+��9RJW����������7KH�HIIHFW�RI�
��QLWUR���K\GUR[\SKHQ\ODUVRQLF�DFLG�
���1LWUR�+2(&+67��RQ�HJJ�SURGXFWLRQ�DQG
IRRG�FRQYHUVLRQ�RI�OD\LQJ�KHQV�DQG�UHVLGXH
DQDO\VHV�RI�PXVFOH��RUJDQV�DQG�HJJV���$T��2QWNV�
5EK�������²�����

6XWHU��*�:���,,��DQG�-�%��0DEUH\���������
6QZKEQNQIKECN�DGPEJOCTMU�HQT�UETGGPKPI
RQVGPVKCN�EQPVCOKPCPVU
QH��EQPEGTP�HQT�GHHGEVU�QP�CSWCVKE�DKQVC�������
TGXKUKQP���2DN�5LGJH�1DWLRQDO�/DERUDWRU\�
(QYLURQPHQWDO�6FLHQFHV�'LYLVLRQ��2DN�5LGJH�
7HQQHVVHH���5HSW��(6�(5�70²���5���
3UHSDUHG�IRU�8�6��'HSDUWPHQW�RI�(QHUJ\�
2IILFH�RI�(QYLURQPHQWDO�5HVWRUDWLRQ�DQG�:DVWH
0DQDJHPHQW�

7DOPDJH��6�6���DQG�%�7��:DOWRQ����������6PDOO
PDPPDOV�DV�PRQLWRUV�RI�HQYLURQPHQWDO
FRQWDPLQDQWV���4GX��'PXKTQP��%QPVCO��6QZKEQN�
������²����

7DQQHU��&�&���DQG�-�6��&OD\WRQ����������3HUVLVWHQFH�RI
DUVHQLF����\HDUV�DIWHU�VRGLXP�DUVHQLWH�KHUELFLGH
DSSOLFDWLRQ�WR�/DNH�5RWRUD��+DPLOWRQ��1HZ
=HDODQG���0�<��,��/CTKPG�(TGUJYCVGT�4GU�
������²����

:DJHPDQQ��5���1�%��6QRZ��'�0��5RVHQEHUJ��DQG�
$��/XW]����������$UVHQLF�LQ�VHGLPHQWV��ZDWHU�DQG
DTXDWLF�ELRWD�LQ�ODNHV�IURP�WKH�YLFLQLW\�RI
<HOORZNQLIH��1RUWKZHVW�7HUULWRULHV��&DQDGD��
#TEJ��'PXKTQP��%QPVCO��6QZKEQN�������²����
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:RROVRQ��(�$����������$UVHQLF�SK\WRWR[LFLW\�DQG
XSWDNH�LQ�VL[�YHJHWDEOH�FURSV���9GGF�5EK�
������²����

:RROVRQ��(�$���HG������������$UVHQLFDO�SHVWLFLGHV��
#O��%JGO��5QE��5[OR��5GT����������S�

<DQQDL��6�0���.��6DFKV��%��.DQWRURZLW]��DQG�
=��%HUN����������6HFRQGDU\�WR[LFRORJ\�DQG
FRQWDPLQDQWV�RI�DOJDH�JURZQ�RQ�ZDVWH�ZDWHU��
0WVT��4GR��+PV��������²����


