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ABSTRACT:	
  
Stormwater	
   is	
   comprised	
   of	
   chemical	
   mixtures	
   from	
   mul4ple	
   nonpoint	
   runoff	
  
sources.	
   The	
   increasing	
   urbaniza4on	
   of	
   land	
   use	
   causes	
   contaminants	
   on	
   the	
  
impervious	
   surfaces	
   to	
   be	
   carried	
   away	
   in	
   stormwater	
   and	
   into	
   the	
   nearest	
  
waterway.	
  The	
  common	
  landscaping	
  and	
  agricultural	
  prac4ce	
  of	
  over-­‐applica4on	
  
of	
  pes4cides	
   leaves	
  the	
  excess	
  toxicant	
  to	
  be	
  washed	
  away	
  with	
  the	
  field	
  runoff	
  
water.	
  While	
   there	
   is	
   informa4on	
  on	
   individual	
   chemical	
   toxicity,	
   liBle	
   is	
   known	
  
about	
   the	
   toxicity	
   of	
   chemical	
  mixtures.	
   In	
   order	
   to	
  manage	
   risk	
   it	
   is	
   cri4cal	
   to	
  
understand	
   how	
   contaminated	
   stormwater	
   can	
   affect	
   the	
   reproduc4on	
   and	
  
survival	
  of	
  non-­‐target	
  organisms.	
   	
   In	
  this	
  21-­‐day	
  chronic	
  Daphnia	
  magna	
   toxicity	
  
tests	
   were	
   conduc4ng	
   using	
   >98%	
   reagent	
   grade	
   benzene	
   and	
   analy4cal	
   grade	
  
malathion.	
   The	
   chemicals	
   were	
   tested	
   at	
   the	
   following	
   concentra4on	
   ranges:	
  	
  
malathion	
  0.035-­‐3.0	
  µg/L	
  and	
  benzene	
  450	
  –	
  28000	
  µg/L.	
  A	
  mixture	
  of	
  benzene	
  
and	
  malathion	
  was	
  also	
   tested	
   to	
  evaluate	
   the	
  poten4al	
  addi4ve,	
   synergis4c,	
  or	
  
antagonis4c	
  toxicity:	
  malathion	
  0.035	
  –	
  3.0	
  µg/L	
  in	
  the	
  presence	
  of	
  7000	
  µg/L	
  of	
  
benzene.	
   The	
   survival	
   and	
   reproduc4on	
   rate	
   data	
   collected	
   will	
   be	
   used	
   to	
  
construct	
   an	
   age	
   structured	
   popula4on	
   model	
   to	
   determine	
   how	
   the	
   chemical	
  
mixture	
  would	
  change	
  the	
  dynamics	
  	
  of	
  a	
  Daphnia	
  magna	
  popula4on.	
  

INTRODUCTION:	
  
	
  	
  	
  	
  	
  The	
  urbaniza4on	
  of	
  land	
  use	
  and	
  the	
  increasing	
  amount	
  of	
  impervious	
  surfaces	
  
have	
  contributed	
  to	
  the	
  presence	
  of	
  pollutants	
  in	
  stormwater	
  runoff.	
  Runoff	
  from	
  
impervious	
   surfaces	
   such	
   as	
   parking	
   lots	
   and	
   roads	
   have	
   detectable	
  
concentra4ons	
   of	
   aroma4c	
   hydrocarbons	
   e.g.	
   benzene,	
   toluene,	
   ethylbenzene,	
  
and	
  xylene	
  (BTEX)	
  that	
   	
  are	
  cons4tuents	
  of	
  gasoline,	
  along	
  with	
  other	
  oils	
  used	
  in	
  
automobiles	
  (PiB	
  et	
  al.,	
  1995).	
  Semi-­‐pervious	
  surfaces,	
   including,	
  but	
  not	
   limited	
  
to	
  lawn	
  and	
  agriculture	
  fields,	
  contribute	
  chemicals	
  to	
  runoff	
  through	
  the	
  used	
  of	
  
mul4ple	
   pes4cides	
   o]en	
   used	
   at	
   high	
   concentra4ons	
   to	
   ensure	
   effec4veness	
  
(Barata	
  et	
  al.	
  2003).	
  Rainfall,	
  varying	
  from	
  light	
  to	
  intense,	
  essen4ally	
  washes	
  the	
  
ground	
   surface	
   and	
   transports	
   chemicals,	
   organic	
  material,	
   and	
   debris	
   into	
   the	
  
nearest	
  waterway	
  (PiB	
  et	
  al.,	
  1995).	
  	
  

u  	
   	
  Organophosphate	
  insec4cides	
  are	
  among	
  the	
  most	
  commonly	
  used	
  pes4cides	
  
used	
  on	
  account	
  of	
  their	
  high	
  toxicity	
  and	
  rapid	
  degrada4on	
  in	
  the	
  environment.	
  
	
  
u  	
   	
  While	
  organophosphates	
  are	
  difficult	
  to	
  measure	
   in	
  the	
  environment	
  due	
  to	
  
high	
  biotransforma4on	
  rates,	
  their	
  presence	
  has	
  been	
  noted	
  to	
  cause	
  severe,	
  long	
  
las4ng	
   popula4on	
   effects	
   on	
   non-­‐target	
   species	
   arising	
   from	
   a	
   lack	
   of	
   target	
  
specificity	
  (Barata	
  et	
  al.,	
  2003).	
  
	
  
u  	
   Non-­‐target	
   organisms,	
   like	
   salmon,	
   are	
   exposed	
   to	
   a	
   mixture	
   of	
   countless	
  
chemicals	
   with	
   liBle	
   known	
   about	
   these	
   chemical	
   mixtures’	
   toxicological	
  
proper4es	
  (Laetz	
  et	
  al.	
  2009).	
  
	
  
u  	
   In	
   this	
   experiment,	
   the	
   individual	
   and	
   combined	
   toxicity	
   of	
   malathion	
   and	
  
benzene	
  on	
  the	
  reproduc4ve	
  capacity	
  of	
  Daphnia	
  magna	
  were	
  examined	
  to	
  beBer	
  
understand	
   how	
   the	
   mixtures	
   found	
   in	
   stormwater	
   are	
   affec4ng	
   non-­‐target	
  
organisms'	
  ability	
  to	
  reproduce	
  and	
  sustain	
  a	
  stable	
  popula4on	
  of	
  organisms.	
  

Figure	
  3.	
  Percent	
  reproduc4on	
  curves	
  for	
  malathion	
  (A),	
  benzene	
  (B),	
  
and	
   malathion	
   and	
   benzene	
   (C)	
   with	
   95%	
   confidence	
   intervals	
   as	
  
calculated	
   by	
   the	
   sta4s4cal	
   so]ware	
   SPSS.	
   100%	
   reproduc4on	
  was	
  
set	
  at	
  the	
  average	
  of	
  the	
  nega4ve	
  control	
  replicates:	
  55	
  instars.	
  

METHODS:	
  
	
   	
   	
   	
   	
  Three	
  21-­‐day	
  chronic	
  Daphnia	
  magna	
  toxicity	
  tests	
  were	
  conducted	
  using	
  the	
  
ASTM	
  protocol	
   	
  E1193-­‐97	
  (ASTM,	
  2009)	
  methods	
  as	
  modified	
  by	
  Markiewicz	
  and	
  
Sofield,	
   (2010).	
   Each	
   chemical	
   and	
   the	
   mixture	
   were	
   tested	
   at	
   seven	
  
concentra4ons	
   with	
   ten	
   replicates	
   of	
   one	
   daphnia	
   each	
   (less	
   than	
   24	
   hours	
   old	
  
from	
  Aqua4c	
  Bio	
  System	
  Inc.)	
  in	
  100	
  mL	
  test	
  solu4on	
  per	
  beaker.	
  The	
  test	
  solu4ons	
  
were	
  prepared	
  mixing	
  the	
  chemical	
  of	
   interest	
  with	
  recons4tuted	
  hard	
  water.	
  No	
  
carrier	
  was	
  needed	
  for	
  either	
  chemical,	
  as	
  all	
  of	
  the	
  concentra4ons	
  were	
  below	
  the	
  
maximum	
   water	
   solubility	
   for	
   the	
   chemical	
   (Arnold	
   et	
   al.,	
   1958).	
   The	
   test	
  
concentra4ons	
  were	
  chosen	
  to	
  encompass	
  the	
  geometric	
  mean	
  of	
  the	
  EC50s	
  found	
  
in	
  the	
  scien4fic	
  literature.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
u  	
   Treatments	
   prepared	
   volumetrically	
   using	
   ASTM	
   recons4tuted	
   hard	
  water	
   as	
  
the	
  dilu4on	
  water	
  and	
  reagent	
  grade	
  chemicals	
  with	
  no	
  carriers	
  (	
  ASTM,	
  2009).	
  

u  	
   Water	
   quality	
   parameters	
   of	
   pH,	
   alkalinity,	
   hardness,	
   and	
   dissolved	
   oxygen	
  
were	
  tested	
  and	
  within	
  acceptable	
  range	
  (ASTM,	
  2009).	
  

u  	
   Instar	
  daphnia	
  held	
   in	
  a	
   temperature	
  controlled	
   room	
  at	
  20.0	
  ±	
   2.0°	
  C	
  with	
  a	
  
photoperiod	
  of	
  16	
  hrs	
  light/8	
  hrs	
  dark	
  and	
  fed	
  Selenastrum	
  capricornutrum.	
  

u  	
  Test	
  solu4ons	
  were	
  renewed	
  on	
  the	
  7th	
  and	
  14th	
  day	
  of	
   the	
  experiment	
  along	
  
with	
  the	
  coun4ng	
  and	
  discarding	
  of	
  offspring.	
  
	
  

Figure	
   1.	
   Set	
   up	
   of	
  malathion,	
   benzene,	
  mixture,	
   and	
   nega4ve	
   control	
   test	
  
chamber	
  beakers	
  on	
  day	
  one	
  of	
  exposure,	
  	
  February	
  23rd,	
  2011.	
  

Figure	
   2.	
   Percent	
   mortality	
   curves	
   for	
   malathion	
   (A)	
   and	
   malathion	
   with	
  
benzene	
   (B)	
   with	
   95%	
   confidence	
   intervals	
   as	
   calculated	
   by	
   using	
   Probit	
  
Regression	
  in	
  the	
  sta4s4cal	
  so]ware	
  SPSS.	
  SPSS	
  was	
  unable	
  to	
  construct	
  a	
  
curve	
  for	
  the	
  benzene	
  mortality	
  data.	
  

RESULTS	
  &	
  CONCLUSION:	
  
u   Probit	
  regression	
  of	
  the	
  survivorship	
  raw	
  data	
  using	
  the	
  sta4s4cal	
  so]ware	
  
SPSS	
  generated	
   the	
   following	
  dose-­‐concentra4on	
   response	
  curves	
   for	
  percent	
  
mortality	
  (Figures	
  2A,C).	
  

u  	
  Survivorship	
  mortality	
  LC50	
  of	
  malathion	
  was	
  0.057	
  ug/L	
  (0.0-­‐0.210	
  ug/L)	
  and	
  
the	
  mixture	
  had	
  an	
  LC50	
  of	
  0.582	
  (0.0-­‐1.723	
  ug/L).	
  

u  Comparing	
   the	
   mixture	
   test	
   to	
   the	
   individual	
   chemical	
   test	
   of	
   malathion	
  
shows	
  that	
  benzene	
  decreased	
  the	
  lethal	
  toxicity	
  of	
  malathion.	
  

u  	
   Both	
   malathion	
   and	
   the	
   mixture	
   of	
   chemicals	
   saw	
   reduced	
  
reproduc4on	
  with	
   an	
   increase	
  of	
   chemical	
   concentra4on.	
  No	
  effect	
  
was	
  seen	
  in	
  benzene	
  (Figure	
  3).	
  

u  Malathion	
   reduced	
   reproduc4on	
   by	
   50%	
   at	
   0.75	
   ug/L	
   while	
   the	
  
mixture	
  EC50	
  was	
  greater	
  than	
  1.5	
  ug/L.	
  	
  

u  In	
  both	
  survivorship	
  and	
  reproduc4on,	
  the	
  addi4on	
  of	
  benzene	
  to	
  
malathion	
  decreased	
  the	
  toxicity	
  of	
  malathion.	
  

u  The	
   weekly	
   survivorship	
   and	
   reproduc4on	
   data	
   will	
   be	
   used	
   to	
  
determine	
   how	
   the	
   exposure	
   to	
   the	
   chemical	
  mixture	
  would	
   affect	
  
popula4on	
   dynamics	
   compared	
   to	
   a	
   popula4on	
   on	
   exposed	
   to	
  
malathion.	
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HYPOTHESIS:	
  
	
   	
   	
   	
   	
   It	
   is	
   hypothesized	
   that	
   the	
   addi4on	
  of	
   benzene	
  will	
   increase	
   the	
   toxicity	
   of	
  
malathion	
  to	
  both	
  the	
  survivorship	
  	
  and	
  reproduc4on	
  of	
  Daphnia	
  magna	
  caused	
  by	
  
the	
   compounding	
   modes	
   of	
   ac4ons:	
   benzene-­‐induced	
   narcosis	
   and	
  
acetlycholinesterase	
  inhibi4on	
  by	
  malathion.	
  

	
  

A	
  

Figure	
  1.	
  Chemical	
  structure	
  of	
  malathion	
  (A)	
  and	
  benzene	
  (B)	
  (MedcineOnline,	
  
2005;	
  NIST,	
  2010)	
  

B	
  

Table	
  1.	
  Prepared	
  treatment	
  dosing	
  concentra4ons	
  of	
  individual	
  chemical	
  test	
  and	
  
chemical	
  mixture	
  tests	
  with	
  ten	
  replicates	
  each.	
  	
  

Chemical	
   Nega@ve	
  
Control	
   Treatment	
  Concentra@on	
  

Malathion	
  
(μg/L)	
   0.00	
   0.035	
   0.075	
   0.150	
   0.350	
   0.750	
   1.50	
   3.00	
  

Benzene	
  
(μg/L)	
   0.00	
   450	
   900	
   1800	
   3500	
   7000	
   14,000	
   28,000	
  

Malathion/
Benzene	
  
(μg/L)	
  

0.00	
   0.035/	
  
7000	
  

0.075/	
  
7000	
  

0.150/	
  
7000	
  

0.350/	
  
7000	
  

0.750/	
  
7000	
  

1.50/	
  
7000	
  

3.00/	
  
7000	
  


