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Welcome Back!

Find the informative articles you’ve come to expect in this
issue of Headline Discoveries, brought to life with each
turn of the page. You'll also see a variety of products from
our valued suppliers that can help you teach and reinforce
real-world science concepts in your classroom. As you’re
reading, watch for descriptions of additional online-only
articles scattered throughout the magazine to enhance

your lesson plans.

Contact your Fisher Science Education sales
representative or call customer service to place an order.
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Scout STX Touchscreen

Portable balance operation has never been easier, faster, or more
intuitive than the OHAUS STX! The next generation of Scout offers
a color touchscreen display, and creates a new level of unmatched
efficiency and functionality in portable weighing.

Cat. No. 514505 514506

Price $746.00 $834.00

$14507 514508 514512

$546.00 $765.00 $310.00

514513 $14510 514511 $14514

$459.00 | $1,023.00 | $1,150.00 $579.00

Portable Balance

514515 514516

$928.00 $480.00

Model STX123 STX223 STX222 STX422 STX421 STX622 STX621 STX1202 STX2202 STX2201 STX6201 STX8200

Capacity 1209 2209
Readability 0.001g ‘ 0.001g ‘ 0.01g ‘ 0.01g ‘ 0.1g

2209 4209 420g

Learn more at fisheredu.com/ohaus
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Scientists are rational thinkers, but they can also be very
creative when trying to find answers to real-life questions.

A recent example of this was a study initiated
by bioengineer Aaron Chang, CEO of Renalert,
which incorporated an Ohaus balance into a
new device to more closely monitor patients
during heart surgery.

Acute Kidney Injury

Up to 30 percent of patients who undergo
cardiac bypass surgery experience kidney
damage or Acute Kidney Injury (AKIl). The
procedure is long and can affect blood
circulation. Patients who develop AKI may have
longer hospital stays, develop other illnesses
and may even die.

“AKl is associated with
more deaths than heart
failure, prostate cancer,
breast cancer, diabetes
combined every year,”
said Chang.

Earlier studies showed that patients who
developed AKI after heart surgery had lower
than expected rates of urine production and
flow rates. Monitoring urine flow rates during
surgery helps to check the patients’ kidney
condition and lets the medical team optimize
the amount of fluid being given to the patient.

Monitoring Urine Output

Before surgery, a catheter is inserted into the
patient’s urethra. The catheter is then attached
to other tubing that directs the patient’s urine to
a collection bag.

At regular intervals during surgery, the operating
room (OR) nurses or anesthesiologists manually
record the amount of urine that a patient
produces. The volume markings on the bags are
not exact, so the amount is an approximation.
The actual urine volume may vary from the
visual estimate by as much as 26 percent and
also does not indicate the rate of urine flow.

A New Design

-ff.l'esting the Process

L
Some devices already exist for measuring urine
flow rate, but they do not necessarily connect to
the typical urinary catheter systems.

As biomedical engineeri
Hopkins University, C
a new device that uses
constantly measure urine
a platform with a 3D printer,
aluminum stand, and placed it on'a
Touch-screen digital balance.

In an initial feasibility study, 30 patients gave
their permission to use the device during their
surgeries. Their urine bags were put on top of
the new weighing device, which was placed
under the operating room table.

The portable balance measured and transmitted
t ights to a computer where software
ated the urinary flow rates. The OR staff
tinued to also record their urine estimates in
the patients’ medical records.

Results

The new device was used successfully with
all patients. Since the device and urine bag
measured a little over a square foot, it did not
interfere with the OR workflow.

The median percent error between the
automated and manual urine measurements
was just under 20 percent. Data from the new
device was more accurate than visual readings
and having the real-time urine flow numbers can
improve patient management.

The success of this study allowed Chang and
several clinicians to launch the startup Renalert,
where they plan to further their work by shifting
the treatment of AKI towards active prevention.

fisheredu.com
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New Technologies
May Increase Our
Understanding
of the Brain

By Kylie Wolfe

Recent advances in microscopy have provided
researchers with more detailed images of
individual nerve cells in both fruit flies and
mice. These techniques have also let scientists
stimulate specific cells in mice, taking control of
their eating behavior.

Innovative Imaging Opportunities

At the Howard Hughes Medical Institute’s
Janelia Research Campus, researchers have
developed a microscope that can see into
deep layers of brain tissue. Known as a lattice
light sheet microscope, it uses a thin laser to
look at the brain’s cellular structures. There is
a drawback to this method, however: it limits
the ability to see the fine details of these cells.

Another method, developed at MIT, solves this
problem. Researchers infused their samples
with a gel that expands cells up to four
times their normal size while still preserving
the tissue’s structure. This method, called
expansion microscopy, makes it easier to view
small samples in greater detail.

Revealing the Results

Using these methods in combination, scientists
were able to uncover features of individual nerve
cells, or neurons, including those that produce
the important chemical messenger dopamine.
They managed to count synapses, the
communication connections between neurons,
and were able to see the formation of myelin, a
fatty substance that helps signals travel quickly.
These tools also provide information about
neuron anatomy and the roles of different cells.

Building on this progress, researchers at
Stanford University have found a way to use
laser light to control genetically engineered
neurons in mice. They targeted cells in the
brain’s orbitofrontal cortex, the source of both
eating and social behaviors. These actions are

controlled by different neurons, making them
difficult to study separately. But this method
allowed researchers to identify the individual
cells that control these behaviors.

After determining which neurons were linked to
each action, they managed to control the mices’
eating behavior. When the cells were stimulated,
the mice consumed more calorie-dense reward
than when stimulation was focused on nerve
cells associated with social behavior.

Looking Ahead

Technological advances like these allow for
experiments and studies that give us better
insight into cells and their functions. In particular,
scientists can study synapse differences across
various diseases and how myelin develops
and forms. The ability to control genetically
engineered cells also allows for learning
opportunities related to cell function.

Previously, neurons could only be viewed
in large groups. Because they can now be
studied individually, researchers hope to better
understand diversity among neurons and
unravel some unknowns about the brain.

DISCUSSION QUESTIONS Y v

Discuss the two techniques described,
including how they’re different and how they
can complement each other in future studies.

Why is it beneficial to be able to look at individual
neurons instead of larger groups of them?

Design your own experiment using these
technologies. Research neuron structure and
brain function to help determine what you’d like
to learn.

VOCABULARY
MICROSCOPY  NEURON
SYNAPSE  MYELIN

FOR ADDITIONAL READING

A new bioengineering process that boosts
photosynthesis in rice plants could increase
yields by up to 27 percent, according to

a new study.

Visit to read the full article.
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thermoscientific

The Teaching
Standard for
Spectroscopy

Think outside the box with a next-generation
Thermo Scientific™ SPECTRONIC™ 200
Visible Spectrophotometer, a complete tool
for your classroom.

e Take advantage of our Super Savings
Spectacular

e Equip your classroom and empower your
students

¢ Find new lesson plans online

Visit thermofisher.com/spec200supersavings
to request information about our Super Savings
Spectacular discount.
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Examine and
Observe Wave
Properties

Construct model coastline environments with
the Kemtec™ Amazing Waves Kit, designed

to help your students identify, compare, and
specify relationships between waves and
landforms. Complete with cross-curricular
activities and demonstrations, this kit will allow
you to explore types of waves, wave creation
and motion, and more.

Description

Amazing Waves Kit with Seven Activities

Cat. No.: S06240

Visit fisheredu.com/kemtec to learn more.

fisheredu.com

$208.00

Tel. 1-800-955-1177

Fax. 1-800-955-0740




Robots Can Be

Programmed to Follow
Visual Instructions

By Ralph Birch

The days of assembling your own patio furniture or entertainment center could be over

— if you have the right kind of robot, that is.

A California company has designed an
operating system that allows robots to follow
visual instructions and build things.

Humans — most of them, anyway — have
the natural ability to look at diagrams for
construction of many different items and infer
what’s needed to get from one step to the next
without accompanying written instructions.
Robots, on the other hand, need to be
programmed with the exact instructions on how
to move.

Until Dileep George and his colleagues at
Vicarious Al in San Francisco developed their
new operating system, that is. Their artificial
intelligence-based system programs robots to
understand the basic ideas that are conveyed
in schematic instructions and translate those

ideas into actions.

“Even when you try to teach robots by
demonstration, they’re just repeating the exact
same motions you show them, not the concept
underlying them,” said George, an artificial
intelligence and neuroscience researcher.

These so-called “common-sense robots” have
shown the ability to work on a wider variety of
tasks under varying conditions when compared
to machines that were given explicitly coded
instructions or physical demonstrations of the
steps needed for completion.

With the programming from George and his
team, the new robotic system was able to learn
more than 500 different general concepts by
studying before-and-after images. When given
a new set of instructions and the accompanying
diagrams, the system considers all of the
concepts it has learned and chooses the actions
that will best help it achieve its goal.

George and his team tested the new operating
system on two gripper-arm robots. The arms

were tasked with moving objects across a
tabletop. They examined the instructions and
carried out the tasks, which included separating
lemons from limes and arranging cans in rows
based on color.

The arms were able to carry out the instructions
under a variety of conditions, responding well
when researchers switched the types of objects
being moved or the color of the table where the
items were placed.

For George and his team, the basis of their
research was being able to create a hierarchy of
abstractions — from the very basic to the most
elaborate — for the robots to draw upon. The
programming lets the robots use the abstractions
to interpret the concepts being presented via
the visual instructions and correctly apply the
concepts in various situations.

All of this could lead to a future where there are
a couple of robots on your deck putting together
the family’s new barbecue grill instead of mom
or dad.

DISCUSSION QUESTIONS

If this type of technology continues to develop,
what other day-to-day functions could these
robots perform?

What are the advantages of having robots
construct things? What are the disadvantages?

VOCABULARY

INFER  ARTIFICIAL INTELLIGENCE
SCHEMATIC  ABSTRACTION

FOR ADDITIONAL READING

Want to see what’s in store for the future of
technology? Just take a look at the hottest
products on display at the Consumer Electronics
Show.

Visit fishersci.com/2019CES to read the full
article.
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“BEven when you try to teach robots
by demonstration, they’re just
repeating the exact same motions
you show them, not the concept
underlying them.”

Microscopes for
Your Classroom

Fisher Science Education Digital Imaging Systems

Ideal for high school and college classrooms, these
microscopes combine the camera and computer into
one seamless solution.

* Reliable, long-lasting o
LED illumination

e Four-turret nosepiece o
with 4X, 10X, 40X, and .
100X oil objectives

e Coaxial fine and coarse
focus

e Smooth, accurate
mechanical stage

Rugged, durable metal
construction

8 in. touchscreen display
CMOS camera
USB and HDMI outputs

e Lifetime limited warranty

Catalog Numbers: S72556, S72557, S72558, S72559

Visit fisheredu.com to learn more.

@fisher science
education
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OPTICAL INSTRUMENTS

Choose the Perfect Digital Solution

Swift Microscopes allow you to keep your
focus on the science and the students.

Visit fisheredu.com to learn more.

Swift M3601C
Cat. No.: S19617E
Price: $395.00

A Member of the Motic Group

MICROSCOPES & DIGITAL IMAGING PRODUCTS

EXCEPTIONAL OPTICS = DURABLE CONSTRUCTION

LABCONCO.

360° Visibility for
Classroom Instruction

™ ™

Labconco™ Protector™ ClassMate™ Fume Hoods feature:

e Clear back and sides for observing demonstrations
e | ow-profile airfoil with spill trough
* Angled sash for closer viewing without glare

Description Mfr. No.

Width: 4 ft., Includes 2 Fixtures, 1 Duplex, 110V ‘ 160404102
Width: 5 ft., Includes 2 Fixtures, 1 Duplex, 110V 160504102
Width: 6 ft., Includes 2 Fixtures, 1 Duplex, 110V 160604102

Visit fisheredu.com/labconco to learn more.
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INNOVATIVE DESIGNS

Cat. No.
| S71809

S71831

S71843

System

More Eftective for

By Christina Phillis

Multiple sclerosis (MS) is a complicated disease.
Outwardly, patients exhibit vision loss, pain,
fatigue, and impaired coordination. Internally,
the body’s immune system is attacking its own
nervous system. Existing treatments seek to
contain the immune response or divert it from
the central nervous system, but a new treatment:
seeks to restart and rebuild the patient’s
immune system.

“A side-by-side
comparison of this
magnitude had never
been done.”

Hematopoietic stem cell transplantation (HSCT)
has been used successfully for more than 30
years to treat certain kinds of cancers. The
treatment uses chemotherapy to suppress
the immune system. Patients are then given
an infusion of their own or donor stem cells.
Although it has been a successful treatment, it’s
still considered unconventional and can pose
serious risks. Fortunately, a new randomized
clinical trial has shown that its effectiveness
might rival that of approved MS drugs.

“A side-by-side comparison of this magnitude
had never been done,” said Paolo Muraro,
MD, neurologist, Imperial College London. “It
illustrates really the power of this treatment
— the level of efficacy — in a way that’s very
eloquent.”

Rebuilding the Immune System

To date, only one study evaluated patients to
compare HSCT to standard MS treatments.
Richard Burt, MD, of Northwestern University’s
Feinberg School of Medicine in Evanston,
lllinois, worked with colleagues on the new
trial involving 110 patients with the relapsing-
remitting form of MS. These patients can go
long periods without symptoms, but most of the
participants had relapsed twice during the year
before the study, despite receiving medication.

Half of the patients received HSCT and the
other half received a new medication to replace

mune

Reboot

a drug that was not working well for them.
was collected from the patients receivin:
and they were then treated with a dr
that killed most of their immune cells. Af ard,
they received an infusion of their own blood
(including their own stem cells) to rebuild their
imrrwe systems.

Disease progression was assessed based on
patient strength, coordination and speech. After
a year, 34 of the patients in the drug treatment
group showed disease progressi ing),
compared to just three
transplant group.

Dr. Burt recognizes that H
best treatment option for
Ideal candidates would be th

about
infections an ications still exists
U.S. physicians;
increasing, sugges
grow over time.

DISCUSSION QUESTIONS Y\fy il

What are some treatments that were discovered
while tryingto cure other diseases? What did ¥
it take for these treatments to become widely
accepted?

How can preventing relapses improve the lives of
MS patients?

VOCABULARY
IMMUNE SYSTEM  NERVOUS SYSTEM

MULTIPLE SCLEROSIS = STEM CELLS
RELAPSE

r

FOR ADDITIONAL READING

As opioid-related overdoses rise, researchers
caution the over-prescribing and misuse of
benzodiazepines, another category of
anti-anxiety medication.

Visit to read
the full article.
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Pest Control

The Adverse Effects

of Mosquito Repellents ..

By Iva Fedorka

[}
-

Controlling mosquito bites is part of the public health goal
to reduce the parasitic and viral diseases carried by these
insects. Scientists recently studied the effects of common
mosquito repellents on both mosquito larvae and on their
aquatic predators to further assess the risks and benefits.

Need for Mosquito Repellents

Mosquito-borne viruses like Zika, dengue and
chikungunya in the Americas have increased
the use of chemical repellents. The active
ingredients DEET (N,N-diethyl-m-toluamide)
and picaridin (also known by other trade names)
have been the most effective repellents for
humans.

Unintended Effects?

Neither DEET nor picaridin is water soluble,
but commercial preparations that make the
repellents easier to apply can enter water
systems and natural environments via sewage
and graywater.

Both compounds typically biodegrade rapidly
and are barely detectable in wastewater. Both
DEET and picaridin have some antimicrobial
properties, but the risks here are also low.
Picaridin toxicity to rainbow trout, zebrafish,
green algae and water fleas has been tested
before, and the endpoints were found to be very
low (measured in milligrams per liter).

Test Protocol

Rafael Almeida, an ecologist at Cornell
University in lthaca, NY, wanted to know
whether repellents containing DEET or picaridin
affect aquatic wildlife. He set up a study to
measure the effects on mosquito larvae and the
salamander larvae that eat them.

Mosquito larvae from several species were
collected and transported to the laboratory.

8 Fisher Science Education Headline L

The experiment was timed to last for 25 days,
ending just as the mosquito larvae started to
pupate.

Spotted salamander larvae were also collected,
and were tested when they were mature enough
to swim and forage, and external gills and
forelimb buds were visible.

Groups of 30 mosquito and 9 salamander
larvae were added to a series of containers,
and a different dilution of one of the mosquito
repellents was added to each container.

Unexpected Findings

Almeida and his colleagues found th
mosquitos were not affected b
DEET- or picaridin-containing rep

The salamanders in the control g1
exposed to DEET all survived
However, the picaridin-tre:
died at a rate of 45 to 65 p
of exposure. Salamandel
picaridin also began to exhibit tail defor
and impaired development after only four
of exposure. (Kinked or bent tails are a co
indicator of developmental abnori

amphibians.)

A Serious Situation

Salamanders are ir
of mosquito la
surface

-
mmer 2019; Is:

dworm is host
ay be able to keep
covery provides a potential
prove to be as effective as

able mosquito repellents.

icrobes is unlikely to overlap with mosquito
itory in the wild.

abclavines as Repellents

ue I.ar', the original researcher at the
rsity of Wisconsin—Madison, was looking
nicrobes that might generate insect-killing
ules. In one experiment, Lan’s team
) test whether the molecules worked
insecticide by feeding mosquitoes from
‘balls dipped in extracts from the X.
stensis bacteria. But “the mosquitoes
't go near the cotton balls,” said Susan
ewitz, the researcher who inherited the
oroject after Lan died unexpectedly. “Something
seemed to repel the insects before they even
got a taste. That was fascinating.”

season than mosquitoes. Furthern
populations have already bee
globally in response to pollutior
climate change, and other stre

Paskewitz and her colleagues cultured more of
the bacteria, extracted the molecules, and then
added the extracts to artificial blood brews. The
team created multiple extracts by separating
the molecules by physical characteristics. They
watched the mosquitoes feed in the lab, noting
that extracts rich in molecules called fabclavines
were the most effective in deterring mosquitoes
from eating their food.

F ould focus o h
of ates U - . & i . ”
cond ing | N 2’ 3
stages nand
examinal et
exposurt

es with X.
effective at
DEET (N,N-
“picaridin, two

cientists have

To Rep

Promising Developments

Paskewitz and her colleagues plan further
testing, which include growing bacteria that lack
the gene for making fabclavines to test whether
those compounds are truly responsible. Even
if that phase of testing is successful, it would
still be a long time before a commercial product
would be available for your next camping
trip. Researchers need to test for toxicity and
confirm that the molecules are effective not just
in the lab but the in the real-world context.

What would be a logical next step for these
researchers?

Could the salamanders have been affected by the
repellent in the larvae they consumed (in addition
to the repellent in the water)?

ANTIMICROBIAL

What kind of an organism causes malaria?
What other diseases are carried by viruses?

BIODEGRADABLE

ECOTOXICOLOGY  MESOCOSM es, although VECTOR NEMATODE SYMBIOSIS
- £ source of the
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Stimu\atihg Hair Grow’t' "

By Kevin Ritchart

You might be familiar with the phrase “bald is

beautiful,” but a team of stem cell researchers
could be very close to finding definitive proof

that “scary equals hairy.”

Harvard University’s Ya-Chieh Hsu has found
that the nerves and muscles responsible for
raising goose bumps in the skin can also
stimulate cells to make hair follicles and grow
hair. She reported her findings in December
2018 at a joint meeting of the American Society
for Cell Biology and the European Molecular
Biology Organization.

Hsu suspects that getting goose bumps when
it’s cold could cause animals’ fur to grow thicker.

The sympathetic nervous system controls a
number of important functions of the body that
we don’t have to think about, including heart
rate, dilation of the pupils in your eyes, and
other automatic processes.

The sympathetic nerves located next to hair
follicles are wrapped around tiny muscles
known as arrector pili. When these muscles

contract, they make the hair cells stand on end.
This is what causes goose bumps.

Sympathetic nerves situate themselves next
to the stem cells that can eventually create
hair follicles, Hsu’s team found. Stem cells
are unspecialized cells that can mature into
many different types of cells. While much of
the research is still in its infancy, scientists are
constantly working on new and innovative uses
for stem cells.

LaB-aiDS

Investigate the Dynamics of Stream Erosion

With Lab-Aids™ Desktop Stream Kits, your students can model
the effects of erosion and deposition in pairs or small groups.

Description Cat. No. Price
Classroom Kit (6 Sets for S96778 $179.00
Groups of 4 or 5 Students)

Additional Single Set S96779 $36.50
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In this case, researchers observed that the ends
of the nerves are exposed where they meet
the hair-follicle stem cells. The nerves secrete
norepinephrine, a hormone that plays a part
in the body’s many involuntary reactions, like
the acceleration of your heart rate when you’re
scared or nervous.

While much of the
research is still in its
infancy, scientists are
constantly working on
new and innovative uses
for stem cells.

wth Thj cou explai

with - the distrib
body.

Mice with genetic changes that kept the arrector
pili muscles from growing didn’t have the
corresponding sympathetic nerves. They also
didn’t grow hair normally. Like the genetically
altered mice, men with male pattern baldness
don’t have arrector pili muscles in their scalps.
This told Hsu and her team that sympathetic
nerves and the muscles that cause goose
bumps might be important in the diagnosis and
treatment of this type of baldness.

Restoring the nerves and muscles in the scalp
may eventually lead to new hair growth, which
may give doctors another treatment option for
baldness.

‘ DISCUSSION QUESTIONS

What are some other applications for stem cell
research?

Do you know of any other automatic processes
in the human body that are controlled by the
sympathetic nervous system?

VOCABULARY
MYELIN ~ NOREPINEPHRINE
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FOR ADDITIONAL READING

In a recent study, scientists found that you can

actually learn — and, to some extent, control —

how you react to pain.

Visit to read the full article.

PYREX Vista Glassware Quality at Budget-Friendly Prices

Enjoy quality glassware at affordable prices with PYREX Vista™ Description
borosilicate beakers and cylinders. With over 100 years of glass-
making experience, PYREX products offer the level of expertise that

you and your students need.

Visit fisheredu.com/corning to learn more and to watch a PYREX

glassware safety video.

Quantity Cat. No.
Beaker, 250mL 12/Case S76100G
Beaker, 1000mL  6/Case S76100K PYREX
Cylinder, 10mL 12/Case S95186
Cylinder, 100mL  12/Case S95186C AT

fisheredu.com

Tel. 1-800-955-1177 Fax. 1-800-955-0740
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Shark
and the
for FOOOI

By Mike Howie

= LAXG0

A Microscops for Everyone

A SOLUTION FOR EVERY ACADEMIC NEED

Because traditional ul*trasound teqhnolOgy doesh-.._
function underwater, it's difficultyto study the inner
workings of sharks W|thout perfo ming invasive S

new tool called underwater ultrasound.

Using the tool, divers regularly observed
embryos inside the two uteruses of a captive
= tawny nurse shark. Over time, they noticed that
the number of embryos in each of the shark’s
two uteruses, which are connected in a U
shape, would change. When the total number of
embryos in one uterus decreased, the number in
the other uterus increased by the same number.

fishersci.com/laxco

T

INnspire Learning

Gain insight and depth of knowledge

V D very Channel
1}) Migrating in the Womb 3‘ 'a sand tiger shark

3B Scientific

The observation suggested that the embryos
were moving between the two uteruses, which
contradicted the idea that embryos mostly
stayed in one place and couldn’t move much.
In at least three other shark species, recent
evidence has shown that embryos can only
move their mouths. When the ultrasound
showed an embryo actively moving from one
uterus to the other, the scientists had the first

the other. Because th footage was recorded
under unnatural cénduonsl many wondered if
the behavior would happen in“the course of a

normal pregnancy

Tawny nurse sharks and‘sand tlger sharks have
similar pregnancies — both feed their embryos
through oophagy:and give birth to live young
instead of laying eggs. In addition to eating

> e . : conclusive evidence that tawny nurse shark™ the mother’s unfertilized eggs, sand tiger shark
- ,_,f\ Wlth these pOWGrfU| anatom|ca| mOd els- embryos are more active than expected. embryos will even eat their developing siblings,
’ ensuring that only the Iargest and strongest
I Cat. No.  Description Price The scientists now suspect that all this = survive.
—_ “sw | 517133B_ Adult Human Skeleton, Life Size $407.00 movement helps the embryo find the food it
. s J] 5171688 Neuro-Anatomical Brain Model, 8 Part $465.00 needs to develop and survive. Tawny nurse  Thanks to the scientistsin Japan, we now know
\ & ll s17155B  Human Heart Model, 2x Life Size $403.00 sharks feed their unborn young through a a little bit more about the mysteries of shark

process called oophagy, which literally means  pregnancy, and just how different:it can be from
egg eating. Instead of receiving nutrients  mammalian reproduction.

through a placenta and an umbilical cord,

like mammals, these shark embryos eat their

mother’s unfertilized eggs. But they have to

te —ma .m
_— 1

- move around to find these eggs, and sometimes _
- . LS TU=ETs) sy WV W) (s, DETEsn), U In what other ways are shark and mammalian
two uteruses. According to the researchers’ reproduction different?
! data; publlshed R What do you think are the benefits of having two
embryos switched uteruses as few as three uteruses?
_™ times and others switched as many as 24 times.
e o - But that wasn’t all the researchers learned. T
Ik 3 Their underwater ultrasound also recorded that _— . ===
- - V|S|t flShereducom to |earn more. the mother’s cervix opened slightly during the
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Hyb#id Semiconductors '
~roduce More Lignt

1 . they jump from orbit, they leave an electron hole - temperatures and in small'batches, butH® used in?
- ’ with a positive charge. The electron and hole can be made at low tei peratur In what ways could HOIPs improve everyday life?
can-then circle-around each other to form an batches.
\/\/l E - 3 E ;E ; O\/\/E ; r- imaginary or “quasi” particle called an exciton. — Sy _
: The negative and positive attraction in an  The Georgia Tech researchers predict that the
By Rita Waimer exciton is called binding energy, a high-energy  material could be used to-make LEDs, lasers | EXCITON  PEROVSKITE ~ POLARON
phenomenon that’s great for emitting light. and-even window glass that.could.glowsdn@awwide
variety of colors. They also believe that lighting _ X N

Researchers at the Georgja” Institute of
Technology havefound that afiew type of hybrid
semiconductor material could lead to lights,
displays, lasers and solar panels that are not
only mere efficient but also easier to produce.

Flexible Eleétronics

The material, called halide organic-inorganic
perovskite, or HOIP, is assembled with non-
covalent bonds and consists of an organic
material sandwiched between two layers

of inorganic crystal lattices. Individual units
of-the crystal take a form called perovskite,
an-even-diamond shape with a metal center
and halogens at the points. The result is a
soft, flexible material that is easier to apply to
surfaces than typical rigid semiconductors. in
fact, the new-material can.even be painted on.

In addition to making the material easier to work
with, the softness and flexibility also make it
better suited to producing light from electricity.

Light is produced by applying energy to

the electrons of -an—atom.~When-an -electron
absorbs energy,-it makes a quantum_leap.into
a higher orbit and releases the energy as light
(or photons) when it returns to its original orbit.
In established semiconductors, the electrons
are trapped in specific areasthatlimit-their
range of motion. This makes it possible to
excite electrons in unison, resulting in a more
significant amount of light.

HOIPs, on the other hand, participate in the

quantum action and facilitate movements that
aren’t feasible in typical semiconductors.

fisherbrand

pH Testing
Made Simple

Find the products you need to lead a lesson on pH.

Here's an example to get you started:

Fisherbrand™ pH Pen
Cat. No. S35927

Less Electricity, More Light

Thanks to their flexibility, HOIPs-can support a
few particles that typical semiconductors can’t.
Electrons carry a negative charge, and when

With so much energy, excitons can escape
their atoms and move around the material,
where they can connect with other excitons to
form- biexcitons.  They-can even circle around
atoms in the material lattice to form-polarons.
All this movement and interaction enhances the
material’s light-emitting capabilities.

While it's possible for  conventional
semiconductors to form excitons, they can only
reliably do so at extremely cold temperatures.
HOIPs, on the other hand, can reliably maintain
excitons-at-room-temperature.

2iSco

Trust | Deliver | Learn

Eisco Anatomical Models

HOIPs are also easier fi
other  semiconductors:.
semiconductors  are

with HOIPs_would require very-little-energy.
Using the new material, it’s possible that solar
panel manufacturers could produce higher-—
efficiency panels while reducmg productlon
costs:

A previous revolution in semiconductors gave
US LEDs that have made so much of today’s

e

What other types of technology could HOIPs be

"

full article.

Researchers used nanotechnology to develop
a new, more-precise ultrasound technique that
may transform our understanding of biology.

Visit fishersci.com/ultrasound. to read the

technology. possible-—Simitarly, HOIPs may be

the technological evolution that lead us to a
brighter future.

Enhance Hands-On Learning

$15533

Sex Organs, 24 Parts

Unisex Human Torso

$928.00

e e | e

Human Torso Model
with Interchangeable

A Quality models at a great price

$15535 $543.00

Goal: Test the pH of different beverages to Model, 17 Parts
determine how it influences their taste and

appearance.

Half-Size Human
Torso Model with
Disectable Head,
11 Parts

A Wide range of options for all grade levels

S15585 $204.00

A Innovatively designed by subject
matter experts

1. Remove the cap from the pH pen and press
the power button. Human Heart

Model, 7 Parts S96554

$77.25

2.Rinse the pH tester by dipping the sensor into
a beaker of tap water.

Human Ear
Model, 4x Enlarged,
5 Parts

A Skillfully painted by hand with attention

to fine details $95930

$137.00

™ ™

Thermo Scientific™ Nalgene™ Plastic

3. Dip the sensor into the first beverage. Beakers, 50mL (Pack of 12)

Human Eye
Model, 3x Enlarged,
7 Parts

A All models are numbered and include a S$95929

key card

4. Stir gently and let the reading stabilize. $84.00

Record the value. Cat. No. 02-591-10A

Visit fisheredu.com
to learn more.

5. Remove the pH tester and repeat steps two

through five for each beverage. Visit fisheredu.com/eisco to learn more.
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Moon Craters
Shed Light on Asteroid

By Sadie Laurie

In a rece _ IS he n
surface, gCientists gained some insights into the
Earth'g# ion -year history.

Plapgtary.~ seientist Rebecca Ghent at the

\ ity"of Toronto and graduate student

r azrouei examined the surface of the
rﬂdon "to find out about the Earth’s craters.
B_e(_:ause the moon is fairly close to Earth, they
argued that both entities would have endured
the same asteroid storms and impacts that left
gigantic scars.

They chose to gather information about craters
on the moon because, unlike the Earth, the
moon doesn’t have an atmosphere or plate
tectonics. Evidence of what happened to the
moon since its formation has been preserved.

“Right away you could
see the young craters

popping out.”

Geologists originally thought erosion would
have erased evidence of the Earth’s craters
long ago.

But the team’s research showed many of Earth’s
craters actually withstood the test of time. After
mapping and charting the ages and sizes of
moon craters, they found that 38 of the Earth’s
largest craters had similar characteristics.

Making a Map

To plot the dates of the craters, Ghent started
with the youngest ones on the moon. In 2014,
she realized the craters were surrounded by
large rocks dislodged by the asteroids when
they struck the moon to form the craters. These
rocks are easy to spot because they emit light
during the lunar night from the sun’s heat they
absorbed during the day.

mpacts on Earth

“The Lunar Reconnaissance Orbiter (LRO')-h'as:"
been gathering data of the lit-up areas-to help

planetary scientists map the crater debris. LRO
is a robotic mission set in orbit by the National
Aeronautics and Space Administration (NASA)
in 2009 to map the moon's surface.

“Right away you could see the young craters
popping out,” Ghent said. The older craters
didn’t glow as brightly because the rocks had
broken down over time.

By developing a mathematical relationship
between the ages of older known lunar craters
and the nighttime glow of newly identified
craters, Ghent was able to determine the ages
of the newer craters. Mazrouei then mapped the
111 craters that are less than a billion years old
and larger than 10 kilometers in diameter, and
used that data to determine the cratering rate.

New Knowledge

What Ghent and Mazrouei found contradicted
the belief held by many lunar scientists that the
rate of impact to the moon had been mostly
constant since a turbulent period more than 3
billion years ago. Mazrouei’s mapping showed
the rate wasn’t constant. They discovered a rise
in impacts by a factor of 2.6 around 290 million
years ago.

Some scientists think this spike may be linked
to the asteroid strike that killed the dinosaurs.
But Ghent hesitates to put an exact date on the
period of increased impacts. Estimates could
vary by tens of millions of years or the events
could have occurred in multiple spurts.

An Alternative Explanation

According to study co-author William Bottke,
planetary scientist at the Southwest Research
Institute in Boulder, CO, this new research could
explain why we see fewer craters on Earth
that are between 300 million and 650 million
years old.

As for craters' that are olg;ler.—-t'_han 650 milli
years, Bottke thinks they could.ha
scraped away during global glacial penod
the one called Snowball Earth.

Although planetary scientists have " differing,
opinions on the University of Toronto study .
because of the low number of craters involved

in the calculations, most would agree that it’s
worth taking note of the research methodology.
If other researchers are able to reproduce the
team’s methods on a larger scale, they will
likely play a major role in advancing scientists’
understanding of impact fluctuations within our
solar system.

Why can we learn things about the Earth by
studying the moon?

Why do scientists think it’s important to learn
about asteroids impacting the Earth millions of
years ago?

ASTEROIDS  ATMOSPHERE
LUNAR  PLATE TECTONICS

Scientists from the United States and Japan are
visiting asteroids with robotic spacecrafts to learn
more about the origins of our solar system.

Visit fishersci.com/asteroids to read the
full article.
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Mobile Demo Desk

» Constructed of solid oak and oak
hardwood veneers

Non-emitting, chemical-resistant UV finish

Unbreakable aluminum sliding door glides

and locks

Concealed drawer and storage compartment
GFI protected AC duplex electrical outlet

with a 25-foot extension cord

Includes four dovetailed drawers mounted

on epoxy-coated glides

Rolls easily on 4-inch locking casters

Upright set and mirror sold separately

‘\(‘w-v-w

%4 L)IVERSIF])

WOODCRAFTS

Cat. No. S38010

Price $3,019.00

LAB-READY MICROSCOPES
BY CELESTRON

Up to 1600x magnification

5MP CMOS sensor for
high-resolution images

Compound microscope with
2000x power

Binocular design for more
comfortable viewing

4.3 in. LCD screen

TetraView LCD
Touch Screen Microscope

S05039 ‘ $340.00

Coarse and fine focus

Labs GB2000CF
Compound Microscope
Cat. No. ‘ Price ‘

S$13039 $230.00

Visit fisheredu.com/celestron to learn more.

fisheredu.com Tel. 1-800

CELESTRON

4177

Fax. 1-8




GSC

G® Sclence Crazy

Your Trusted
Choice for Crazy
Fun Science

Demonstrate basic respiratory biology or
show healthy and unhealthy human lung
sections in your classroom.

Description Cat. No. Price
Deluxe Lung Apparatus for Demonstration S41448B $91.00
Prepared Slide: Normal Human Lung with Alveoli S06246PS $4.30
Prepared Slide: Human Smoker’s Lung with Alveoli S06247PS $5.10
Prepared Slide: Human Lung Carcinoma (H&E Stain) S06292PS $8.15

Visit fisheredu.com to learn more.

fisherbrand

Adjusts Automatically
for Daylight Savings

Fisherbrand™ Traceable™ Digital Radio-Signal Atomic Wall Clock

e | arge digits (3.5 in. high) are visible from across the classroom

e Accurate to 1/10,000 of a second

e Radio signal from NIST in Colorado adjusts clock to daylight
savings, leap year, leap seconds, and displays times precisely

to the second
e Size 8.8 x8.8x0.9in.

TRACEABLE

Range Resolution Accuracy Cat. No. Price
Time: 12/24 hour clock 1 second 0.0001 second

Temperature: 0 to 45°C (32 to 113°F) 0.1° +1°C S66273 $97.00
Humidity: 20 to 90% RH 1% +5% RH midrange otherwise +7% RH

Visit fisheredu.com to learn more.
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According to a recent survey,

Americans still believe there is a
shortage of workers in science,

technology, engineering, and

mathematics (STEM) fields in the
U.S., despite nationwide efforts to
steer students toward STEM careers

throughout the past decade.

the STEM wi the U.S. is at a
crisis level.

Emerson reports that even though students are
now twice as likely as their parents to choose
STEM fields, the number of jobs requiring STEM
knowledge is growing at a rate higher than the
number of people in the workforce.

Choose Your Industry

The skill gap spans a variety of industries.
Representatives from Deloitte and the National
Association of Manufacturing predict they will
need to fill about 3.5 million manufacturing jobs
by 2025. But up to 2 million could go unfilled if
there aren’t enough qualified workers.

Large companies like Google, Apple, and Ernst
and Young already consider applicants without
college degrees for computer science and
engineering jobs if they can demonstrate the
necessary skills.

Survey results show people have been expecting
these realities: 48 percent of respondents and
52 percent of the parents surveyed believe
there will be more U.S. STEM jobs in the next
10 years.

Higher Salaries

If current trends continue, both job opportunities
and wages in STEM fields will continue to grow.
According to the article Short on STEM Talent
on usnews.com, Bureau of Labor Statistics data
from 2000 to 2013 (adjusted for inflation) showed
median salaries for the average U.S. worker were

The article’s author, Jonathan Rothwell,
reported on information he obtained from the
market analytics firm Burning Glass. He found
that roughly 40,000 computer science majors
receive their bachelor’s degrees each year, but
nearly 4 million vacancies exist for people with
computer expertise.

In short, unemployment is low for people with
STEM degrees. And among workers with
college degrees, STEM majors earn some of
the highest salaries.

Opportunities for Women

The STEM worker crisis also means increased
opportunities for women — the Emerson survey
revealed that less than 50 percent of parents
said they encourage their daughters to consider
STEM careers.

"Women make up over 51 percent of the
laborers in the U.S., but account for less than
24 percent of the technology employees, with
less than 18 percent of women being software
engineers," said Chief Marketing Officer for
Chariot Solutions Tracey Welson-Rossman,
as reported in the usnews.com article STEM
Worker Shortage at a Crisis, Survey Shows.
Welson-Rossman also founded the nonprofit
organization TechGirlz.

"With a predicted 1 million tech jobs open by
2020 and 2 million cybersecurity jobs open also
by 2020 — not all software coding — the need
for more women in tech is clear," she added.

fisheredu.com

to developing STEM competency. Survey
respondents said they don’t see enough
opportunities for students in the U.S. to learn
STEM skills. Roughly 70 percent indicated they
do not feel teachers have adequate resources to
educate students in STEM areas.

The data collected by Emerson shines a
spotlight on the growing need for STEM
education and awareness in the United States.
Parents, school administrators, and teachers
can all do more to encourage young people to
pursue STEM careers and to provide them with
the training they need to succeed.

DISCUSSION QUESTIONS Y v

If you had to choose any career in a STEM field,
what would it be and why?

Why do you think there are so many new jobs
being created in STEM areas?

VOCABULARY

OCCUPATION  UNEMPLOYMENT
MANUFACTURING ~ CYBERSECURITY

ENHANCE YOUR STEM PROGRAM

Visit to find the tools and
resources you need to establish a dynamic and
innovative STEM program in your classroom.
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Rewritable Paper
Inspired by Erasable Ink

By Moira Bell

Writing or drawing takes patience and foresight — but even with the best preparation,
you’re bound to make a mistake you wish you could erase. It may even cause you to start
over. But what if you didn’t have to start with a new piece of paper? What if you could
simply make your original prose or masterpiece disappear?

That’s the beauty of a new kind of rewritable
paper: unlike older iterations, it can be used
more than 100 times and your creation will
remain visible for at least six months.

Luzhuo Chen, physicist at Fujian Normal
University in Fuzhou, China, and team covered
their rewritable paper in the same kind of ink
found in erasable pens. Heat makes the ink
disappear. A heated pen or printer can erase the
blue ink, leaving behind your message or design
in white. If you want to erase your creation, you

simply rub the paper with the pen’s special
eraser. To make it reappear, just put the paper
in the freezer.

Vanishing Act

This new method turns traditional writing on its
head. Instead of applying ink to paper, the ink
is erased from the paper, leaving your writing in
its place. This seemingly magical occurrence is
made possible by a redox reaction. The process
combines reduction (when a molecule gains an

electron) with oxidation (when a molecule loses
an electron).

In the case of this paper, bisphenol A (or BPA,
the color developer) takes an electron from
crystal violet lactone (the color-forming agent).
The message becomes visible when the color-
forming compound and its developer dissolve in
a proprietary solvent. Researchers theorize that
it's an aliphatic ester or an aliphatic carboxylic
acid.

sensitive products

H-B Instrument - Bel-Art
Wilmad-LabGlass

P SCIENCEWARE"

Space Saver Vacuum Desiccators

Great Alternative to Heavy Glass Varieties

e Strong, shatterproof plastic provides dry storage and protection for

e Small size is perfect for classroom use

e |ighter and less costly than similarly sized glass models

Holds a full vacuum (29.9 in. Hg) at room temperature for 24 hours
e Can be used with standard disposable or reusable desiccant

Material and Color Capacity Cat. No. Price
0.09 cu. ft. S43284 $84.00

Top: Polycarbonate, Clear

Bottom: Polycarbonate, Clear D2 e 543286 $109.00
0.31 cu. ft. S43288 $140.00
0.09 cu. ft. S43283 $78.00

Top: Polycarbonate, Clear

Bottom: Polypropylene, White Db i LEs $85.00
0.31 cu. ft. S43287 $125.00

Visit fisheredu.com to learn more.
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The solvent melts at 150°F (65°C), causing the
lactone and BPA in the ink to dissolve. At this
point, the solvent separates the lactone from the
BPA so oxidation does not occur. Now the ink
that was blue becomes clear, and stays clear
at room temperature. Chilling the ink to 14°F
(-10°C) causes the lactone and developer to
crystallize, which lets the lactone oxidize again.
And voila! The paper is again ready for writing.
But be aware that your work will start to fade
after six months from the effects of sunlight,
cold temperatures or other chemicals.

While the paper is easy to produce and fairly
inexpensive, there are potential drawbacks:
in addition to requiring a lot of ink, the paper
contains BPA, a chemical that may be harmful
to health when present in sufficient quantities,
according to initial findings by the U.S. Food
and Drug Administration (FDA). Perhaps a future
version that uses less ink and promises to be
hazard free, except for the odd paper cut, will
one day have great staying power.

VOCABULARY

DISCUSSION QUESTIONS

fisherbrand

Equipment

Choose Fisherbrand™ RT Basic Stirrers
for your students.

e Analog controls
e Speeds from 150 to 2,500rpms
Low profile and lightweight

Detachable plug
e Two-year warranty

Chemical-resistant polypropylene top and body

Durable Classroom

Cat. No. | Surface Diameter | Stirring Capacity | Max Load | Price

S05260 4.7 in. (120mm) 2L 33 Ib. $171.00
S05261 6.7 in. (170mm) 4L 44 |b. $205.00
S05262 8.7 in. (220mm) 5L 55 Ib. $282.00

Visit fisheredu.com to learn more.

fisheredu.com

Tel. 1-800-955-1177

Fax. 1-800-955-0740

21




NEWRWSiglele

Finds Mor Species

Facing

By Mae Pyer

Using a new method to assess the risk of
extinction for thousands of animal species,
researchers discovered that hundreds are
more threatened than previously realized. This
includes the red-breasted pygmy parrot and
the Ethiopian striped mouse, among others.

“This indicates that urgent re-assessment

is needed of the current statuses of animal |
Periodically, researchers evaluate the status of  species on the Red List,” said Santini.
animal species and compile their findings for the &
International Union for Conservation of Nature’s Hopes for Automation

(IUCN) Red List of Threatened Species. This list

Room for Improvement

DURAN
WHEATON
KIMBLE

Convenient
Glassware Sets

Stock up on glassware for your classroom.
Kimble™ KIMAX™ Lab Start-Up Packs let you
order pre-packaged sets that save you money
and time.

Description

Cat. No. Price

Beaker Set (One 50, 100, 250, 600, and 1000mL Beaker)

S30731 $40.50/Case

Erlenmeyer Flask Set (One 50, 125, 250, 500, and 1000mL Flask)

S43013 $51.75/Case

Graduated Cylinder Set (One 10, 25, 50, 100, and 250mL Cylinder)

S32139 $146.00/Pack

is made up of five main groups ranging from
“Least Concern” to “Critically Endangered.”

Animals are categorized based on species
distribution, population size and current trends.
Unfortunately, this information is limited. What’s
known is sometimes outdated and therefore
inaccurate, leading to misclassification or a label
of “Data Deficient,” meaning there’s not enough
information to assess that species’ status.

Progress for Preservation

Ecologist Luca Santini and his colleagues at
Radboud University recently designed a new
method to efficiently and consistently predict
an animal’s risk of extinction. Their study
incorporated species distribution and how it
changes over time, as well as models to address
the likelihood of survival for animals living
in disturbed habitats. Other details included
habitat preferences and species abundance.
This additional data complements the existing
method for determining extinction risk, giving
researchers the ability to make more accurate
assessments.

Applying their new method, they found that
10 birds and 114 mammals are actually at risk
of extinction. This accounts for 20 percent of
animals in the “Data Deficient” category. Also,
a total of 467 birds and 143 mammals, or 4.2
percent of all species, are more threatened than
the current list suggests and should be placed
in a different category.

22 Fisher Science Education Headline Discoveries

Santini and his team hope to automat

method, making it easier to assess

risk so the Red List is updated more freq
They propose that the tool work in tandem
the existing strategy so the best conclusion
can be reached.

The researchers acknowledge that it’s
challenging to keep a growing list updated, but
they hope this overall approach can act as an
early warning system for species under threat
of extinction.

DISCUSSION QUESTIONS v v

Visit iucnredlist.org to learn more about specific
animals on the Red List and the categories

they fall under. Are there any you're surprised
about? Any you haven’t heard of before or find
particularly interesting?

How does the extinction of plants and animals
impact the Earth’s overall ecosystem?

VOCABULARY
ENDANGERED  EXTINCTION
SPECIES ECOSYSTEM

FOR ADDITIONAL READING

After dying off because of a deadly fungus, the
Sehuencas water frog surprises scientists and
returns from extinction.

Visit to read the
full article.

Spring/Summer 2019; Issue 1

Visit fisheredu.com/kimble to learn more.

Making STEM Memorable

Choose United Scientific for STEM-based curriculum kits to help you teach topics ranging from the
scientific method to independent inquiry. With hands-on learning materials, interactive digital content,
and real-world connections, you can create an exciting learning environment in your classroom.

Eight investigative activities show students how to
construct batteries, assemble electrical circuits, use a
multimeter to measure voltage and amplitude, calculate
electrical resistance and electrode potentials, and
evaluate battery performance.

Description Cat. No. Price

Building and Designing Batteries STEM Kit | $13123 $263.00

Students investigate how organic fluids and chemical reagents
can be used as invisible inks. Relying on historical examples,
students create various invisible ink and security documents for
other student groups to analyze and decode.

Description Cat. No. Price

The Chemistry of Invisible Inks STEM Kit S07361 $71.75

V¢ UNITED SCIENTIFIC
20 SUPPLIES, INC.

Visit fisheredu.com to order these kits and to
browse other United Scientific products.
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Caree
Envirc

|
Job Title Duties Education & Training Annual Salary |
I Solar * Assemble High school diploma, one-year apprenticeship | $39,240 o —
photo-voltaic (PV) o |nstall or technical school/community college training
- installers * Maintain
. . — Energy auditor ¢ Preserve/reduce energy use High school diploma, certification from the $41,573
Are you IOOklng fora prOfeSS|On that Supports the e Inspect buildings Building Performance Institute (BPI)
. . - | — A : et
natural world, the climate andthe environme , L . T
i - A Wind turbine e |nstall Technical school program and on-the-job $52,260 -
One of the best resources for career and job information is the Occupational g N, technician ¢ Maintain training
Outlook Handbook (OOH), published by the Bureau of Labor Statistics of s | * Repair
the United States Department of Labor (www.bls.gov/ooh A i -4 Environmental ¢ Monitor the environment Associate or bachelor’s degree $44,190
— - _g . protection e Investigate pollution and contamination sources
The OOH can help you identify possible careers with information about job technician * Workto prevent violations
duties, education and training requirements, pay rangegzandijolbroutio Conservation +—Manage land quality of ferests;parks, Bachelor’s degree in forestry $60,610
hundreds of occupations. —— —— scientist and rangelands, and.other natural resources
e ——— forester * Protect wilderness areas
f ¢ Enhance animal habitats
e..Facilitate public recreation
- e Put out wildfires
i Environmental oProtect the environment Bachelor’s degree in natural science or.a $68,910
B scientist ® Protect human health science-related field
3 e Clean up polluted areas
t th D t e Advise policymakers
0 n n e c e 0 S (X ] - Environmental ¢ Recycling Bachelor’s degree in engineering $84,890
' engineer * Waste disposal (environmental, civil, chemical)
between . ¢ Public health
of water qua | Ityl o Water pollution
¢ Air pollution
Make it easy to learn about Landscape architect | ® Plan parks and outdoor spaces Bachelor’s degree, internship experience, $63,480
water quality with klts_ that _ e Create designs other exams and licenses (varies by state)
allow studgnts to design their e Prepare models
own experiments, collect
samples, and more. Hydrologist ¢ Study water movement Bachelor’s or master’s degree $80,480
¢ Field work in lakes and streams
Visit fisheredu.com to learn e Perform data analysis and modeling
more. Wildlife biologist e Study animal behavior Bachelor’s or an advanced degree $60,520
Leaf Pack Stream Ecology Kit * Study animal interactions with their natural
Cat. No.: $66994 habitats
Price: $243.00 Urban and regional ¢ Develop land-use plans and programs Master’s degree from an accredited planning $70,020
Water Quality Educator planner ¢ Create communities . program
& Monitoring Outfit e Accommodate population growth
Cat. No.: 566223 * Revitalize buildings
Price: $464.00 5
Environmental e Advocate for clean technology Law degree, state bar exam $113,530
lawyer e Support laws for water and climate change
¢ | and management
ource: Occupational Outlook Handbook
What is .an ] What is What i.s the difference between an AUDIT HYDROLOGY PHOTOVOLTAIC URBAN
apprenticeship?  alicense? associate degree and a bachelor’s degree?
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Set your students up for success with Ready to find

products for your

classroom?
Contact your Fisher Science

Education sales representative
Save instantly when you enter promo code SPRING50 at checkout or visit fishersci.com/spring19
or mention it when you order through customer service. to start saving.
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