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How to manipulate the chemistry




Preliminary considerations

v Ocean acidification is a multistressor change
What parameter(s) matter for my organism/ecosystem?

v Do | want to keep the tested parameter (e.g. pH)
constant or fluctuating?

v Is my experiment realistic (mimicking ocean
acidification) or mechanistic (testing physiological
hypothesis)?



What Is a realistic ocean acidification : :
carbonate chemistry change?

pCO2,,, pHr [HF]| TA |DIC [CO;] [HCO;] [CO3T] Q¢ S
(patm) (=) (a) (b) (b) (b) (b) (b) = =)

Year 2007 384 8.065 8.6 | 2325 |2065 12.8 1865 187 45 29
Year 2100 793 7.793  16.1 | 2325 ]2191] 264 2055 110

Part 1: Seawater carbonate chemistry

2 Approaches and tools to manipulate the carbonate chemistry
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Take home message

v' Many methods are available to manipulate the
carbonate chemistry for an experiment

v Whatever laboratory and equipment you have, there is
a method for you



NON-best practice methods

v Add strong acid (e.g. HCI)
v' Add HCO,, CO,*

pCOy,,, pHr [HT] TA  DIC [CO;] [HCO;] [COTTT Qe R

(patm) (=) (a) (b) (b) (b) (b) (b) =) )

Year 2007 384 8065 86 2325 2065 128 1865 187 45 29
Year 2100 793 7793 161 2325 2191 264 2055 1o 26 1.7
Addition of CO§ ~ and HCOj ; closed sys. 793 79421 114 |3406 | 3146 264 2901 218 52 34
Addition of CO3 ™~ and HCO3 ; open sys. 384 8207 62 |3406 | 2950 12.8 2580 357 85 55
Acid addition; closed sys. 793 7768 17.1 | 2184 | 2065 264 1940 98 23 15
Acid addition; open sys. 384 8042 9.1 |2184 | 194 1238 1767 167 4 26




Add strong acid, HCO,  and CO,*
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Add strong acid, HCO, and C032- """""""""""""

pCO»,, pHr [HT] TA  DIC [COp] [HCO;] [CO3T] @

(patm) (=) (a) (b) (b) (b) (b) (b) = )

Year 2007 384 8065 86 2325 2065 12.8 1865 187 45 29

Year 2100 793 7793 161 2325 2191 264 2055 110 26 1.7
Addition of:

COg_ and HCO5 ; closed sys. 400 8073 84 2467 2191 13.3 1977 201 48 3.1

followed by acid addition; closed sys. 793 7.793 16.1 2325 2191 264 2055 110 26 1.7

Precise, cheap, easy (e.g. field) to prepare water
m) with desire chemistry

No compensation for biology and atmosphere,

manual changes



Mix High CO, water
-

\, Heavily bubble

/ \  with pure CO, for

2 minutes

‘  (pPH~55)
Seawater | " Mix till reach the
(filtered, aerated desire pH/pCO,

384patm; pH 8.1)
.
/ Seawater

(pH8.1)




Mix High CO, water

pCO»,, pHr [HT] TA  DIC [COp] [HCO;] [CO3T] @

(patm) (=) @ (b)) (b (b) (b) (b) =
Year 2007 384 8065 86 2325 2065 128 1865 187 45 29
Year 2100 793 7793 161 2325 2191 264 2055 110 26 17

Addition of high-CO, seawater 792 7793 16.1 2325 2191 264 2055 110 26 1.7

Precise, cheap, easy (e.g. field) to prepare water
m) with desire chemistry

No compensation for biology and atmosphere,

manual changes



Bubblingwithco, |

v" Bubble with CO, at the target concentration (ppm)
o Buy pre-mixed gas (expensive)




Bubblingwithco, |

v" Bubble with CO, at the target concentration (ppm)
o Buy pre-mixed gas (expensive)
o Gas mixer (manual)
o (Gas mixer (automatic)

ﬁ’

(e.g. Findlay et al. 2008)



Bubblingwithco, |

v" Bubble with CO, at the target concentration (ppm)
o Buy pre-mixed gas (expensive)
o Gas mixer (manual)
o (Gas mixer (automatic)

v" Bubble with pure CO,
o PH stats







Bubbling with CO,,

pCO>,, pHr [H'] TA DIC [COy] [HCO;] [COZ] Q.

(patm) (=) @ (b)) (b (b) (b) (b) =) &
Year 2007 384 8.065 86 2325 2065 128 1865 187 45 29
Year 2100 793 7.793 161 2325 2191 264 2055 110 26 17
Gas bubbling 793 7.793 161 2325 2191 264 2055 110 26 17

Precise, more or less easy, compensation for

m) respiration/photosynthesis, dynamic control
More expensive (equipment, gas), may limit
replication (e.g. pH stats)



Summary: 3 best practice methods

v" Add strong acid, HCO, and CO,*

v" Mix High CO, waters

v Bubble CO,
o Keep CO, constant
o Keep pH constant

Batch of
seawater

Dynamic
control



What to consider to keep the chemistry

constant?

(scrubbed)
Air

Flow /
water
change

(\

# individuals

Volume

Sometime, you
need to filter
the water (NOT

autoclave)



Example: manually made seawater, little
biology, closed system

NO contact
‘ with air

R e —— ——————



Example: manually made seawater, little
biology, closed system

NO contact
‘ with air

R e —— ——————



Fluctuating chemistry

v Chemistry is rarely stable in the field. It can be
desirable to include variability into experimental
design:

o Realistic (mimicking field)
o Mechanistic



Methods to make chemistry fluctuate

v Manual water change
v" Creative use of pH or pCO, stats

Water change or
Alternate between 2 pHstats

$)é 3 3 3 3




Methods to make chemistry fluctuate

pHy
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pH.
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v Manual water change

v" Creative use of pH or pCO, stats
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Can variable pH and low oxygen moderate ocean acidification
outcomes for mussel larvae?
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Methods to make chemistry fluctuate
v Manual water change
v" Creative use of pH stats
v Automatic control (e.g. offset)
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amb/variable OAlvariable
8.2
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Methods to make chemistry fluctuate
v Manual water change
v" Creative use of pH stats
v Automatic control (e.g. offset)
v" Biologically-driven variability

Day: light
= Photosynthesis + respiration

o, I co, | pHT

Night: dark
= respiration

o] co, I pHl




Methods to make chemistry fluctuate

Se%/ater pH 8.0

Header tank IREEY

Night Day Night
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—water
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“Unrealistic” seawater chemistry to test

specific hypotheses

Table S6. Mean parameters of the carbonate chemistry over the two experimental trials. The concentration of bicarbonate ions [HCOs
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Coral reef calcifiers buffer their response
to ocean acidification using both
bicarbonate and carbonate

S. Comeau, R. C Carpenter and P. ). Edmunds
Department of Biology, Calfornia State University, 18111 Nonfhoff Street, Northridge, (A 91330-8303, USA

Central to evaluating the effects of ocean acid

of P. rus,
Both [CO3 |

], the concentration of carbonate ions [CO3s?], the concentration of aqueous CO2 [COz], the partial pressure of CO2 (pCO2) and the

aragonite saturation state (Qa) were derived from pHr, total alkalinity, salinity and temperature.

COs* HCOs [HCOs7] [COs%] [CO2] pCO:2 Qa At pHr  Temper:
conditions  conditions  (umol kg™) (umol kg) (umol kg) (patm) (wmol kg*) (°C)
High HCOs 2243 +38 75+£2 56+ 3 2108 + 86 1.20+£0.03 2424 +6  7.44+£0.01 27.7 £(

Low COs* Med HCOs 1695 + 12 85x2 271 1047 £ 29 1.35+0.03 1910+ 13 7.62+£0.01 27.7 x(
Low HCOs 1025+ 32 825 13+3 503 £ 125 1.32+£0.08 1258 +42 7.80+£0.03 275+ (

Mediu High HCOs 2287 +19 2237 191 733+ 22 3.58+0.12 2814 +14 7.91+£0.01 27.7 £(
CO Med HCOs 1731 £7 227+ 3 11+£0.2 401 +£7 3.65 £ 0.05 22890+6 8.04+£0.01 27.7 £(
Low HCOs™ 1069 +21 2037 5+04 188 + 15 3.26+0.11 1612 +£21 8.19+0.02 27.8 +(

) High HCOs® 2334+ 17 384 +5 11+0.2 435+ 8 6.17 £ 0.09 3224 +24 8.13+£0.01 27.8+(
2(;932 Med HCOs~ 1802 + 13 3815 7+0.2 2578 6.11 +0.08 2712 +12 8.25+£0.01 274+«
LowHCOs 1195+ 14 3655 3x0.1 1205 5.82 £0.08 2114+8 8.41+0.01 27.5%(

Specific HCO, and CO,% concentration using CO,, HCI,
NaOH and Na,CO,



Caution: need some serious design for :
multiple drivers experiment with parameters
Interacting with the carbonate chemistry

1250.00 7.37

1240.00 pH 7.6 37 PCO, 2200 patm
1230.00 ) 736
1220.00 36
E 1210.00
7.35
= 1200.00 T
O 7.35
5 1190.00
* 1180.00 /.34
1170.00 7.34
1160.00 7.33
1150.00 7.33
0 5 10 15 20 0 5 10 15 20
Temperature (C) Temperature (C)

Same pH = different pCO2 Same pCO2 = different pH



One solution: offset natural pH

: A@: o - - -
: | Different combination
i A0.4
of pH / temperature
e for each temperature
N @ Cument pH ..-.-".Q.
Rt ®

Temperature (°C)

(Grans et al. 2014)



Take home message

v Many methods are available to manipulate the |
carbonate chemistry for an experiment

v" Use the best approach for your question (or you
guestion based on what you can do)

v Make pilot experiments to optimize your system

v' Whatever laboratory and equipment you have, there is
a method for you



You don’t need fancy equipment to make a

nice experiment if you have a good question ©
100 ® South Africa (pop1)
80 ® South Africa (pop 2) ------ :=
‘jz ,: e v' Manual CO, manipulation
: o v Multi-well plates
06.5 67 69 71 73 75 17 79 v Microscope, pipettes
o pHs v" pH meter, sampling alkalinity

v' Fertilization assay (2h)



