The Global P Cycle

The recipe for life contains more than carbon!

It is mostly... CHNOPS

The stoichiometric formula for a living human being is:

ll:‘T"\llﬂlHlllﬂ ()]flﬂ(lﬂ”('ﬂ(l (‘\\ 700 000 -\:h 130,000 (:3l| SO0 000 1)1 020,000 S’Z(Ihlllb
Nihxuuu) k],‘.‘_cnn (-Il_‘T mu\"-!m,mm Sias 600 F"_’,:.\u '/'“_* 110 (:“,"ull 1 M“H
I13 Cr; Seqy Mo, Co,

The Global P Cycle is importance because:

Hydroxyapatite (Bones & Teeth)
Cap(PO4)s(OH),

Fluoroapatite (Teeth)
Cas(PO4)sF



Sedimentary — having no significant gaseous phase
Gaseous




Processes

Geologic Uplift

Rock Weathering
Congruent Dissolution Weathering
Cas;(PO,);OH + 4H,CO; = 5Ca** + 3HPO=, + 4HCO; + H,0

0
- /Fi""()‘
o
Orthophosphate
Uptake/Assimilation
Mycorrhizae
Steele
Epidermis Ectotrophic
Pinaceae, Fagaceae, Betulaceae
Salicaceae
Cortéx Endotrophic

Endodermis

Almost all cultivated plants



Arbuscules

Hartig
net

Ectotrophic mycorrhizae Endotrophic mycorrhizae

Extensive network of mycorrhizal hyphae radiating from roots of a larch
(Larix) seedling grown in peat

http://www.biology.ed.ac.uk/research/groups/jdeacon/mrhizas/ecbmycor.htm
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Fig. 1. Seedlings of yellow poplar, tulip
tree (Liriodendron rulipifera 1.) grown
for 12 weeks in undisturbed soil cores
from a forest site demonstrated that endo-
trophic mycorrhizal fungi influence growth.
(Left) Seedlings grown in unsterilized
soil were infected. (Center) Seedlings
grown in sterilized soil were nonmycor-
rhizal and nonvigorous. (Right) Seedlings
in sterilized soil inoculated with yellow
poplar roots were mycorrhizal.

TABLE 7.2 Some Characteristics of White Pine (Pinus strobus) Seedlings Grown
for 1 yr with and without Mycorrhizal Infection®

Nt Leaf
Seedling {% oven dry weight)
N Dry weight ‘
— Treatment ig) Root/shoot N P K
Mycorrhizal 405 0.78 1.24 0.20 0.74
Nonmycorrhizal 321 1.14 0.85 0.07 0.43

@ Data from Hatch (1937). Wm—mﬁ i st\q\e,,ﬂﬁc, q35

Table 6.3 Effccts of Mycorrhizae and N-Fixing Nodules on Growth and Nitrogen Fixation in

Ceaniothus velutinus Seedlings.”

—r
+Mycorrhizae
Control +Mycorrhizae +Nodules and Nodules
Mean shoot dry weight 72.8 84.4 392.9 1023.8
{mg)
Mcan root dry weight 166.4 1834 285.0 04,4
{mg)
Root/shoot 229 2,17 0.7 (LH8
Nodules per plam 0 1] B 5
Mean nodule weight ] ¥} 1 44.0
(mg)
Acetylene reduciion 0 1 27 85 A0 46
img/nexduleshy
Percent mycorrhizal 0 45 1] KO
oolomization
Nuwient contents
(% ODW in shoot)
N n.32 0.30 .24 1.31
| 4 0.08 0.07 .25 .25
{a 107 115

* From Rose and Youngberg (1981).
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Processes (Cont’'d.)

Mineralization

C/P Ratio of OM
<200

200-300

>300

Acid Phosphatases
Alkaline Phosphatases

Excretion & Death

Leaching & Erosion

Sedimentation

Result

Net Mineralization
No net change
Net Immobilization

pH optimum 4-6
pH optimum 9-11




Land
Soil Inorganic 201,500
Soil Organic 23,250
Mineable Rock 19,000
Biota 3,100
Anthropomass 2.5
Ocean
Sediment 840,000,000
Deep Water 86,000
Surface Water 2,790
Biota 62
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FIGURE 12.7 The global phosphorus cycle. Each flux is shown in units of 10" g P/yr. Values for P production
and reserves are taken from the U.S. Geological Survey. Estimate for sediments is from Van Cappellen et al. (1996),
and estimates for other pools and flux are derived from the text.

Tanie 2. Seasonal and yearly mean nutrient concenteations ir: mg/L for surface runoff in watershed 109 (transect 1)

Exch
Ammonium-N Part.
Total e et Organic-N Toual-P Ortho-  Organic-C
: Sus.  Nurate-  Exch. - phos-
Position Season Part. N Part.  Diss Pant.  Diss. Pan. Diss. |phate-P Part.  Dass.
Entening Spring 8 840 173 0.734 363 27.7 1.47 3.22 0.256| 0.354 67.2 121
ripanan Summer 11500 105 0.524 117 321 2.72 ey 0.127] 0.740 148.1 100
forest Fall 3830 1.57 0301 089 168 0779 329 0.128| 0.863 1011 675
Winter* 1760 1.99 0.048  0.250 .32 204 0860 0.320] 0.675 632 19.1
Year 6 480 445 0402 149 19.5 1.75 482 0.208| 0.658 949 120
19 minto  Spring 1380 260 0218 123 647 1.8 2.31 0.081] 0456 359 120
riparian  Summer 966 193 0120 0404 506 144 209 0093 D406 724 990
forest Fall 122 0343 0.038 0069 261 0529 0.604  0.393] 0134 597 409
Winter® 176 218 0.042 0.138 037 133 0.065 0375] 0.108 -t 566
Year 661  1.76  0.104 0464 363 102 1.27  0.236] 0.276 381 206
Leaving Soring 372 0.742 0.076 0.40s 254 118 0349 0251 0163 279 238
opanan  Summer 524 1.03  Q.J08 0.175 346 0713 104 0.183| 0244 456 160
forest Fall .
Winter* 360 1.05 0.073  0.651 202 0081 0.109 299 59.2
Year 419 0.941 0087 0410 267 0658 0.744 0.217] D72 345 330

o I)lla from winter 1981 iNini;mpIn were taken in w{nlcr 1982
t indicates no data are available,
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Where is phosphate rock found and how has
its extraction changed?
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Graph showing world phosphate rock production, 1900-2016, reported by US Geological
Survey!"


https://en.wikipedia.org/wiki/Phosphate_rock
https://en.wikipedia.org/wiki/US_Geological_Survey
https://en.wikipedia.org/wiki/US_Geological_Survey
https://en.wikipedia.org/wiki/Peak_phosphorus

You can too much of a good thing!

Cultural eutrophication is a nutrient-induced increase
in aquatic productivity due to anthropogenic nutrient additions

P added

Waterproof
barrier

0 ‘ ' '
1 2 3

Log,, PO, (mg/m3)

Agure 7.8 Relatonship between net primary production and the phosphorus concentra-
tion in lakes of the world. From Schindler (1978). Wies +
Schiestn ger 199;
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Record-setting algal bloom in Lake Erie caused by
agricultural and meteorological trends consistent with

expected future conditions
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Fig. 1. MODIS satellite Image of Lake Erie on September 3, 2011, overlaid
over map of Lake Erie tributaries. This image shows the bloom about 6 wk
after its initiation in the western basin. On this date, it covers the entire
western basin and is beginning to expand into the central basin, where it
will continue to grow until October (Fig. S1).

6448-6452 | PNAS | April 16, 2013 | vol. 110 | no. 16
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Vgx FUTURE PERFECT EXPLAINERS THE GOODS POLITICS & POLICY CULTURE MORE v
Lake Erie just won the same legal rights as people

Ohio voters passed groundbreaking legislation that allows citizens to sue on behalf
of the lake when it's being polluted.
By Sigal Samuel | Updated Feb 26, 2019, 11:00pm EST

T Lake Bse B\ of P\Tﬂ\n‘\‘s “
Fel. 20\§

An Ohio resident collects water from Lake Erie in 2014 after a ban due to algae-related toxins. | Getty Images

L TILIRE It started in a pub. A handful of people,
FPERFELT hunched over beers in Toledo, Ohio, were
Finding the best ways to do good. Made possible by The talking about a water crisis that had plagued
. the city in 2014. The pollution of Lake Erie

had gotten so bad that it had taken a serious
toll on their lives. The government, they felt, wasn’t doing enough to protect the lake. And so
they wondered: What if the lake could protect itself?



THIRD-LARGEST "DEAD ZONE" SINCE 1985
AREA SIZE OF NEW JERSEY

Mid-Summer 2007
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Graph showing measured size of hypoxia zone on Louisiana Gulf of
Mexico shelf, 1985-2017. Credit: LSU/LUMCON and NOAA.

Gulf'‘Dead Zone’' Chokes Marine Life

The Gulf of Mexico at the Mississippi River Delta experiences a seasonal hypoxia, or
"dead zone,” where there is not enough oxygen in the water to sustain marine life.

Cities

Farms

“Dead Zone”

Gulf of Mexico

SOURCE: NOAA InsideClimate News




Spreading Dead Zones and
Consequences for Marine Ecosystems

Robert ]. Diaz'* and Rutger Rosenberg?

Dead zones in the coastal oceans have spread exponentially since the 1960s and have serious
consequences for ecosystem functioning. The formation of dead zones has been exacerbated by the
increase in primary production and consequent worldwide coastal eutrophication fueled by riverine
runoff of fertilizers and the burning of fossil fuels. Enhanced primary production results in an
accumulation of particulate organic matter, which encourages microbial activity and the consumption of
dissolved oxygen in bottom waters. Dead zones have now been reported from more than 400 systems,
affecting a total area of more than 245,000 square kilometers, and are probably a key stressor

on marine ecosystems.

O Hypoxic system

Human footprint “ [ TSNP N
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Fig. 1. Global distribution of 400-plus systems that have scientifically influence is expressed as a percent (41)] in the Northern Hemisphere. For
reported accounts of being eutrophication-associated dead zones. Their  the Southern Hemisphere, the occurrence of dead zones is only recently
distribution matches the global human footprint [the normalized human  being reported. Details on each system are in tables S1 and S2.

www.sciencemag.org SCIENCE VOL 321 15 AUGUST 2008



The Global S Cycle

Important because:

Clinical Toxicology »

Velume 48, 2010 - tssue 7

Brief Communications

Hydrogen sulfide toxicity in a thermal spring: a

fatal outcome
Hale Daldal @ Bayram Beder, Simay Serin & Hulya Sungurtekin
= =
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Abstract

sclaimer Introduction. Hydrogen sulfide (H,S) is a toxic gas with the smells of “rotten egg" its toxic
effects are due to the blocking of cellular respiratory enzymes leading to cell anoxia and

cell damage. Case presentation. We report two cases with acute H,S intoxication caused
by inhalation of H,S evaporated from the water of a thermal spring. Two victims were
found in a hotel room were they could take a thermal bath, A 26-year-old male was
found unconscious; he was resuscitated, received supportive treatment and survived. A
25-year-old female was found dead. Autopsy showed diffuse edema and pulmonary
congestion. Toxicological blood analysis of the female revealed the following
concentrations: 0,68 mg/L sulfide and 0.21 mmol/L thiosulfate. The urine thiosulfate
concentration was normal. Forensic investigation established that the thermal water was
coming from the hotel's own illegal well. The hotel was closed. Conclusion. This report
highlights the danger of H,S toxicity not only for reservoir and sewer cleaners, but also
for individuals bathing in thermal springs.

Keywords: Inhalation exposure, Acute toxicity, Hydrogen sulfide




TaBLE 3-11

Chemical Forms of Sulfur
Formula Name Oxidation number Comments
H,S Hydrogen sulfide -2 “Rotten egg'' gas, extremely toxic
HS~ Hydrosulfide ion -2 Constituent of amino acids
= Suliide ion -2 Yorms insoluble compounds with metals
S,° Disulfide ion -1 Plays crucial role in stiffening protein
85..8,.8, Llemenial sullur (4] Crystalline solid
SO, Sulfur dioxide +4 Colorless, toxic gas
H,S50, Sulfurous acid +4 Weak acid from SO, plus water
SO, Sulfur trioxide +6 Gas [rom oxidizing SO, in air
H,S0O, Sulfuric acid +6 Strong acid from SO, plus water
SO~ Sulfate ion +6 Forms many compounds in atmesphere and soil
Shelcw ek al . 192}

TABLE 3-12

Sulfur Chemistry of Biologic Assimilation and Decomposition

Transformation

Mechanion

50,, 80,7 — organic S
Organic S —— H,S
Organic S — SO~
50, — H,8

H,S — § — S0O,=

Assimilation and synthesis by plants

Many anaerobic and aerobic bacteria

Most plants and animals, many bacteria

Anaerobic bacteria (Desulforvibrio, Desulfotomaculuon)

Aerobic bacteria (Thiobaciilus), photosynthetic
bacteria (Chromatium, Chlorobiunt)

p A Se
< / s
Ud (SR
< &\? Organic Thiobacillus 2 TR
S & 3 Beggioloa Y*“\ow.)xo ¢
s 4 others X0
e animals Q CO2+ 2H2S + hv & CH20 + 2S + H20

Anaerobic, green & purple sulfur bacteria
Desulfovibrio

502
‘ "\\D“ﬂomu[um HaS
(| @ Fe2+
3 % “ ” Soers, v
©
HIE O
CaS0, - H,0 FeS,
Gypsum Pyrite
Fig. 8.9
Pathways of S transformations. The list of organisms involved in oxidation-reduction
is incomplte (see text). (Adapted from Kaplan.??) Stevewsen 1996

C/S Ratio
< 200 200 to 400 > 400
Net gain of Neither a gain or Net loss of
S0%- loss of SO}~ S0i-

S+€uewson (98¢

Table 13.1 Reservoirs of Sulfur near the Surface

of the Earth®

Reservoir

@)

Deep occanic rocks

Sediments
Mafic rocks

Sedimeniary rocks
Sandstone
Shale
Limestone
Evaporiies
Volcanics
Connate water
Toual sediments

Freshwater

Ice

Aumosphere

Sea

Organic reservoir
Land planis
Marine plants
Dead organic

matter

Total organic

B o+ 20

2300 = 800
250 = 0 f

2000 = 580 m
380 = 110

5100 * 1600
50 = 18

27 + 5

(7800> © = 1700

S~—603 = 0‘002@
. N o

0.6 x 1074
0.024 x 107*
50 x 10°*

—
{ 362 x 10°4)

“ From Trudinger (1979). ScwWlesingev |
)
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Figure 24.15 Trends in sulfur concentration in Egropean rivers:
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Figure 24,19 Trend of sulfur runoff in the Monongahela.
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Fieure 24 20 Trend of average sulfur runoff in nine rivers of the
coastal plains in the eastern United States. Mugare & Husey 1990
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Fig. 10-7. ‘Sulfate in rain water. Upper part: Global average distribution of conceniration
. - : I3 Iy
in units of mg S/liter. Lower pari: Deposition rate in umits of g §/m* ve. { From Georgii ¢ 19823,

with permission.] Loy wne C w \ﬁqs

Global SO, Emissions 160 - — Tl 160
140 41 : = 140
R |
120 - ; “‘:) ﬁ 120
o 5 9 1
© 100 F—} . s
o E thas ai Ml 60
2 sof ik “;‘L ks 3 40
a0 FRAAVE P B AW UL LA
. E "“'i ‘u g o 1 li 20
1850 1875 1900 1925 1950 1975 2000 20 ! ! 1 0
Year 1760 1817 1875 1932 1990

Date
Smith et al. 2011 Mayewski et al. 1990

Non-sea-salt SO4 (ng g~V



Atmospheric Deposition

Wet = rain + snow
Dry = particles + gases
Cloud = non-precipitating droplets

Sulfate ion wet deposition, 2004

Acid deposition is more than acid rain

« Acid rain
* Acid snow
 Acid fog
* Acid dry deposition

— small particles (e.g. sulfate
particles)

— uptake of acid forming gases

~80% of acid deposition



Dry & Wet Sulfur Deposition in WV

Composition of S deposition for 2006—2008
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Fig. 2. Appearance of lake trout in Lake 223 in 1979 (pH 5.4) and 1982 (pH 5.1), clearly
illustrating the loss of condition as indicated by the factor calculated as in Fig. 1G.

Sulfate Wet Deposition
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pH

National Atmospheric Deposition Program

5.4

NTN Site WV18

5.2

5.0

4.8

4.6

4.4

4.2

4.0

Annual
Criteria Met
Annual
Criteria Not
Met

Trend line

1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Year

Environmental Effects | pH Value | Examples

ACIDIC

Wheeling, WV 1979
Lowest rain value recorded

pH=15

All fish die (4.2)

Frog eggs, tadpoles, crayfish,
and mayflies die (5.5)

NEUTRAL

Rainbow trout
begin to die (6.0)

Battery acid
Sulfuric acid
Lemon juice, Vinegar
Orange juice, Soda
Acid rain (4.2-4.4)
Acidic lake (4.5)
Bananas (5.0-5.3)
Clean rain (5.6)
Healthy lake (6.5)
Milk (6.5-6.8)

Pure water

Sea water, Eggs
Baking soda

Milk of Magnesia
Ammonia

Soapy water
Bleach

Liguid drain cleaner




Surface reactions in mine spoil can lead to
water acidification - acid mine drainage

AMD Formation

2 FeS, + 70, + 2 H,0 -> 2 Fe?* + 4 SO,~ {4 HY

Rate Limiting Step
—4 Fe?* + 0, + 4 H* -> 4 Fe®" + 2H,0 But
Thiobacillus ferroxidans
100-1,000,000 x faster

4 Fe¥* + 12 H,0 -> 4 Fe(OH), + 12.HY

Solid “Yellowboy”
when pH > 3.5

14 Fe® + FeS, + 8 H,0 -> 15 Fe?* +2 SO, 416 H* |

Streams receiving this drainage could have a pH as low as 3.0!




Streams with Fisheries Impacted
by Acid Mine Drainage
in MDD, OH, PA, VA, WV

(Based on EPA Fisheries Survey — 1995)

Legend:
—  No Fish
—— Some Fish

Stream Miles Tmpacted

F igure 1 State  No Fish Same Fish Total
OH 258 M0 607
PA 1714 1525 3239
l wy 488 612 1100

| VA 17 0 17

CHRS I I N MD 42 1o 152
L l TOTAL 2519 2596 5115




. Roger May @walkyourcamera - Jan 21

Acid mine drainage on Fifteenmile Fork (right) at the confluence of Cabi
Creek (left). Kanawha County, West Virginia.
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